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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1917.

BAKED SHALE AND SLAG FORMED BY THE BURNING OF COAL BEDS.

By G. SHERBURNE ROGERS.

INTRODUCTION.

The baking and reddening of large masses of
strata caused by the burning of coal beds is a
striking feature of the landscape in most of the
great western coal-bearing areas. The general
character and broader effects of the burning
have been described by many writers,! but
the fact that in places enough heat is generated
to fuse and thoroughly recrystallize the over-
lying shale and sandstone has received less
attention. Some of the natural slags thus
formed simulate somewhat abnormal igneous
rocks, but others consist largely of rare and
little known minerals. A wide range in the
mineral composition of such slags is to be ex-
pected, depending on the composition of the
original sediment and the conditions of fusion
and cooling. These products of purely thermal
metamorphism offer a fertile field for petro-
logic investigation.

The writer has observed the effects produced
by the burning of coal beds in several localities
in Montana, particularly along upper Tongue
River in the southern part of the State, in the
district lying southeast of the mouth of Bighorn
River, and in the Little Sheep Mountain coal
field north of Miles City. A number of speci-
mens of the rock formed have been examined
under the microscope, though time has not
been available for a systematic examination.
The writer is greatly indebted to Mr. E. S.
Larsen for assistance in the study of some of
the minerals.

1 Allen, J. A., Metamorphism produced by the burning of lignite beds
in Dakota and Montana territories: Boston Soc. Nat. Hist. Proc., vol.
16, p. 246, 1874. See also Lewis, Meriwether, and Clarke, William, His-
tory of the expedition under the command of Lewis and Clarke, vol. 1,
pp. 180, 189, Philadelphia, 1814; Hayden, F. V., Geological report of the
exploration on the Yellowstone and Missouri rivers, pp. 56-103, 1869;
and Dawson, G. M., Report on the geology and resources of the region
in the vicinity of the forty-ninth parallel, pp. 164-169, Montreal, 1875.

70460°—17

CAUSES OF BURNING.

Most writers on the burning of coal beds have
attempted to explain the mode of their igni-
tion, which they usually ascribe to lightning, to
prairie or forest fires, to the agency of man,
or to spontaneous combustion. All these
agencies have probably been effective in one
place or another.

Lightning has doubtless ignited some beds,
especially those exposed on the higher hills,
but it is apparently inadequate to account for
the burning of beds over great areas. There
are also well-authenticated reports of the igni-
tion of beds by prairie fires,* but it may well
be doubted whether this agency has often
been effective in the sparsely grassed badlands,
where burning is so common. Similarly, the
writer knows of one locality in which a bed of
coal 11 feet thick was ignited by the camp
fires of a round-up outfit, but much of the
burning evidently took place many thousands
of years ago and some of it probably dates back
to Pleistocene time.* Ignition from an ex-
traneous source is perfectly possible and may
be the most plausible explanation in any given
instance, but the fact that burning on the out-
crop is so common as to be actually charac-
teristic of the coal beds over an area greater
than 200,000 square miles indicates a more
widespread mode of origin and one less depen-
dent on special local conditions.

Ever since coal first became widely used as
fuel the possibility of its spontaneous com-
bustion has been recognized. Disastrous fires
have started through spontaneous combustion
in mines, many others at the surface in piles of

2 Allen, J. A., op. cit., p. 261.
3 Idem, p. 258. Also Collier, A. J., and Smith, C. D., The Miles
City coal field, Mont.: U. S. Geol. Survey Bull. 341, p. 45, 1909.

1



2 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1917.

culm or slack coal, and others in stocks of coal
held in storage or wundergoing shipment,
especially at sea. Because of its economic im-
portance the phenomenon has been carefully
studied by many observers, and although there
is considerable disagreement as to detail the
main determining conditions have been well
outlined. Thus, it is generally recognized
that only coals that contain a moderate to high
proportion of volatile matter are subject to
spontaneous combustion; that the more finely
divided the coal the more liable it is to ignite;
and that a small increment of heat from an
outside source is an important contributing
cause.

Most of the coal in the Western States that
has burned at the outcrop is of lignitic or-sub-
bituminous grade; this coal when exposed to
the air loses moisture and tends to slack or
crumble to fragments. All freshly mined coal
absorbs oxygen and according to Lewes ! may,
if in fairly small fragments, absorb two to
three times its own volume. This absorption
of oxygen takes place at ordinary temperatures
but proceeds more rapidly at higher tempera-
tures, and as the process itself generates some
heat it is self-accelerating. The heat first gen-
erated may be due merely to the compression
of the gas, but a slow oxidation of resins or
unsaturated hydrocarbons in the coal, with the
formation of humic or other acids, probably
soon begins. The elaborate experiments of
Parr and Kressmann? indicate that this reac-
tion assumes positive activity at about 80° C.
With rise in temperature the occluded oxygen
becomes more active, combining with certain
hydrocarbons and converting them to carbon
dioxide and water. According to Parr and
Francis * this reaction begins only when the
coal becomes heated to 120° to 140° C., but it
represents a critical stage in the process of
oxidation, for so much heat is generated that
the temperature thereafter rises rapidly. At a
little over 200° C. autogenous oxidation begins
and at 350 to 450° C. actual ignition takes place.

1 Lewes, V. B., The carbonization of coal, p. 23, London, 1912. See
also Parr, S. W., and Barker, Perry, The occluded gasesin coal: Illinois
Univ. Eng. Exp. Sta. Bull. 32, 1909; White, David, The effect of oxygen
in coal: U, 8. Geol. Survey Bull. 382, pp. 63-71, 1909; and Chamberlin,
R. T., Notes on explosive mine gases and dusts: U. 8. Geol. Survey
Bull. 383, pp. 15, 60, 1909.

2 Parr, 8. W., and Kressmann, F. W., The spontaneous combustion
of coal: Illinois Univ. Eng. Exp. Sta. Bull. 46, pp. 24, 52, 1911.

3 Parr, 8. W., and Francis, C. K., The modification of Illinois coal by
low temperature distillation: Illinois Univ. Eng. Exp. Sta. Bull. 24,
1908.

According to experiments by Fayol,* however,
coal in a state of fine dust ignites at a much
lower temperature, gas coal igniting at 200° C.
and lignite at 150° C.

The oxidation of pyrite or marcasite in the
coal was once considered the chief cause of
spontaneous combustion, but it is now known
that coals practically free from iron sulphides
may spontaneously ignite. Some authorities
therefore hold that the influence of pyrite is
negligible and that at the most it merely
increases the general rise in temperature and by
swelling splits up the coal, thus exposing fresh
surfaces to the action of atmospheric oxygen.’
Parr and Kressmannufind, however, that the
oxidation of pyrite in.the presence of moisture
results in a distinct inerement of heat, and as
this reaction takes place at ordinary tempera-
ture they believe that it is one means by which
the mass is heated to the point at which active
oxidation of the coal itself commences. They
state that the oxidation of one-fifth of the
pyrite in a coal containing 6 per cent generates
sufficient heat to raise the temperature of the
mass 70° C., assuming no loss by radiation.t
As the conductivity of coal is very low com-
pared with that of the surrounding rocks, ac-
cording to figures given by Prestwich,” it seems
probable that loss of heat by radiation is slow
and that small amounts of heat generated
within the coal may well be conserved to pro-
duce far-reaching results.

It is generally recognized that the presence
of moisture favors spontaneous combustion.?
In fact, Dennstedt and Biinz,® as a result of ex-
periments, conclude that ‘‘self-ignition in-
creases in a ratio corresponding to the amount
of moisture [water of constitution] in air-dry
coal.”” Opinions differ, however, as to whether
its action is chiefly mechanical, catalytic, or
chemical. It is also known that inflammable
gases are occluded in coal, and though it may
be doubted that these gases are the direct cause
of spontaneous combustion it is evident that if
the coal is heated by oxidation to the tempera-
ture at which these gases can unite with atmos-

4 Fayol, Henri, Btudes sur I’altération et la combustion spontanée
de 1a houille exposée & 1’air: Soc. ind. min. Bull., 2d ser., vol. 8, pt. 3,
1879.

5 Lewes, V. B., op. cit., pp. 21-22.

¢ Parr, S. W., and Kressmann, F. W., op. cit., p. 34.

7 Boulton, W. 8., Practical coal mining, vol. 2, p. 331, London, 1907.

8 Parr, 8. W., and Kressmann, F. W., op. cit., p. 52.

9 Dennstedt, M., and Biinz, R., Die Gefahren der Steinkohle: Zeitschr.
angew. Chemie, vol. 21, p». 1825-1835, 1908.
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pheric oxygen they may become an important
contributing cause. Penhallow ! believes that
the burning of lignite beds is caused by the spon-
taneous ignition of escaping gases, particularly
sulphureted hydrogen, carbureted hydrogen
(methane %), and phosphureted hydrogen.

Analyses of lignite and coal from Montana and Wyoming.

Made at the Pittsburgh laboratory of the Bureau of Mines; F. M. Stan-
ton and A. C. Fieldner, chemists in charge.]

10898 | 649 | 17711 | 8465 | 14755
SAMPLE AS RECEIVED.
Proximate:
Moisture.......... 42.8 126.8|122.6(29.4]19.8
Volatile matter....| 25.7 | 32.8 | 81.9 | 25.4 | 80.7
Fixed carbon......[ 26.9 | 27.9 | 39.5 | 38.8 | 35.2
P (T 4.6 |12.5| 6.0| 6.4]|14.3
118 7o) 1) (SRS SR O EE ER .24/ .64/ .51 .87 1.50
Ultimate:
Hydrogen......... 7.21) 6.04|... .. |eeooifoaoo..
Carbon......coean-. 86. 21| 42,77« cinclpnesanfunwns
Nitrogen....c..ou.- 0] IR ) [ A
OXYZOR.: 5 oo mens B 08| B7. B3| s woss|rmmenalmmen =
British thermal units..| 6, 110| 7, 340| 8, 811| 7,170| 8, 579
Loss of moisture on air
drying....eeecvue..--{ 35.3 1 20.5 | 8.7 |19.3| 8.5
AIR-DRIED SAMPLE.
Proximate:
Moisture.......... 11.6 | 7.9|19.6 | 12.5 | 12.8
Volatile matter..... 89.7141.3]|83.1|81.4|383.5
Fixed carbon...... 41.5 | 35.1 | 41.1 |-48.1 | 38.5
b, - S . U 7.2115.7 6.2 8.0 15.7
Sulphur ................ .37 .81 .b3| .46] 1.64
Ultimate:
Hydrogen......... B. 0B 4. T8scecssilonmesfoss s
(670 4 0701 ¢ (RO R s B0 071 08: T4 & s mecleasnsalsvns as
Nitrogen........... B | R N |G
Oxygen........... 30.44| 24.28. ... .| feaao..
British thermal units...| 9, 440] 9, 238| 9, 153| 8, 880| 9, 376
LIGNITE OR COAL KNOWN TO BURN ON OUTCROP.
10898. Lignite from Culbertson lignite field, Mont. Red Bank open-cut

mine, sec. 10, T'. 28 N., R. 59 E. Fort Union formation.
Subbituminous coal from Buffalo coal field, Wyo. Mitchell mine,
sec. 26, T. 51 N., R. 82 W. Fort Union formation.
Subbituminous coal from Tullock Creek coal field, Mont.
pectinsec.30, T.1N., R.38 E. - Fort Union formation.
Subbituminous coal from Bull Mountain coal field, Mont. Mec-
Cleary prospect, sec. 26, T. 9 N., R. 30 E. Fort Union forma-
tion.

6469.

17711. Pros-

8465.

COAL NOWHERE BURNED ON OUTCROP.

14755. Subbituminous coal from Tullock Creek coal field, Mont. Pros-

pect 12 miles southeast of Bighorn. Lance formation.

It is evident from the foregoing summary
that both chemical and physical factors enter
into spontaneous combustion. As regards
chemical composition, coals highest in volatile
matter, moisture, and sulphur are most liable
thus to ignite. In the accompanying table the

1 Penhallow, D. P., Tertiary plants of British Columbia: Canada Geol.
Survey Pub. 1013, pp. 148-149, 1908.

chemical character of four typical coals that
have burned extensively on the outcrop is
shown by the first four analyses, and the char-
acter of a coal that has nowhere burned by the
last analysis. A considerable range in com-
position is shown by these analyses, though all
show high moisture and volatile matter but
fairly low sulphur. It will be noted that the
coal that has nowhere burned is much higher
in sulphur than any of the others; whether its
lack of tendency to burn is due to the offsetting
of this factor by the low percentage of mois-
ture and the high ash content is a matter of
conjecture.

The physical factors promoting spontaneous
combustion are a finely divided condition of
the coal, a slight increment of heat from an
outside source, and a sufficient volume of coal
to retard loss of heat by radiation. A pile of
coal exposed to the direct rays of the sun
would thus be liable to become heated and
finally ignite. In general, the outcrop of a
coal bed, even in the arid western coal fields,
weathers down slowly and is more or less
covered by talus, so that the oxidation of the
coal is too slow to generate much heat. Where
a young, rapidly cutting gulch intersects a
coal bed, however, a perpendicular face of coal
may be formed, and as this is undercut by the
stream a considerable mass of finely broken but
fairly fresh coal may accumulate at the base
of the bed. TUnder such conditions oxidation
would be fairly rapid, especially as the normal
temperature of the coal, if exposed to the direct
heat of the sun, would reach 130° F. (55° C.),
or more on summer afternoons.

In the writer’s opinion most of the burning
of western coal beds has been spontaneous and
has originated under conditions similar to those
just described. C. H. Wegemann,” who has
studied particularly the relation of topography
to burning, finds that burning is most prevalent
along rapidly cutting streams and believes
that it is partly a function of the character of
the topography. The writer has observed
beds actually burning at six localities, and in
all of them combustion evidently started in a
gulch on a small, rapidly cutting stream.
Field studies indicate that two other generali-
zations can be made: First, thin beds are less
commonly burned than thick ones, probably

2 Personal communication.
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because piles of coal large enough to retain
self-generated heat can not accumulate along
their outcrop; and second, beds of impure coal
burn less commonly than those of clean coal.

GENERAL EFFECTS OF BURNING ON THE OVER-
LYING STRATA.

The rocks overlying a burned-out coal bed
present widely different appearances, ranging
from reddened and only slightly hardened
shale or sandstone through vesicular glassy
slag to gray medium-grained rock. These
broader differences are due chiefly to the degree
of heat to which the material has been subjected,
and their relations to the coal bed may be
more clearly understood if the process of burn-
ing is briefly considered.

Whatever the cause of ignition, the com-
bustion apparently always starts at the surface
and spreads first along the outcrop. The
presence of the burning bed is disclosed by the
smoke and fumes which rise from it, and by
the heat at the surface of the earth near the
outerop or above the bed, which becomes so
intense that all vegetation is killed. As the
coal burns out the overburden generally caves,
and large fissures may be opened in the surface
of the ground above the bed. During this
stage of the burning the heat is for the most
part dissipated and the overlying strata are
only slightly affected. However, thin red
bands may be formed by the baking of clay
partings in the bed, and as these slump down
they become curiously contorted and form,
with white bands of ash or cinders, a structure
resembling somewhat that of a crumpled schist.
Plate I, B, shows a burning coal bed 11 feet
thick exposed on Custer Creek, near Yellow-
stone River, between Miles City and Terry,
Mont. To the left the bed is slowly burning
but has not perceptibly affected the overlying
sandstone; to the right it is entirely consumed
at the outcrop and the overburden has slumped
down irregularly.

As the burning progresses back from the
outcrop the heat is conserved and tends to act
more strongly on the overlying rocks, until
finally a point is reached where combustion is
smothered by the lack of oxygen. The under-
lying strata are scarcely affected, if at all, and
in many places the coal does not burn entirely
to the base of the bed. Baking and hardening
of the overlying strata doubtless begin a few

feet back from the outcrop, and as the coal
burns out and these beds cave they tend to
break into irregular fragments. Incipient fus-
ion may occur on the edges of these fragments,
which therefore have a tendency to cohere
and thus form a stable rock 30 or 40 per cent
of whose volume is air space. It is chiefly
through the crevices in this rock that oxygen
is supplied to the coal burning farther back.

How far the burning extends back from the
outcrop is a matter on which there is little
positive information. Field studies indicate
that a bed under 20 feet or less of cover may
burn out completely under large areas, and
similarly that all the coal underlying a small
butte or a narrow neck of land may burn out
even though the overburden is 100 feet or more
thick. Bowie! cites an instance in which
the coal burned out to a point almost 500 feet
from the outcrop, as ascertained in the course
of mining the unburned portion of the bed.
According to F. R. Clark,’> development at
Sunnyside, Utah, has shown that burning may
extend even farther back under high spurs
jutting out from the main ridge. In general,
however, where there is a cover of more than
50 or 100 feet, and where the outcrop of the
bed is fairly straight, it seems probable that
burning does not extend more than 200 or 300
feet back from the outcrop. ; ]

Although the rocks within a few feet of the
top of the burning bed may be partly fused,
those beyond are in general merely baked and
still further up are only slightly reddened.
The great bulk of the rock retains itsoriginal
texture, -and though much of the shale is vitri-
fied or hardened the sandy strata may be only
slightly affected. The most striking effect is
the reddening of the rock, which is due to the
action of moderate heat under conditions fav-
orable to simple oxidation and which there-
fore implies no very extensive chemical
changes.

Though fusion is for the most part confined
to the rocks directly above the burning bed,
it may locally extend many feet above. The
gases formed during combustion of the coal es- -
cape chiefly through fissures in the overlying
strata and apparently are hot enough to fuse
the rock thoroughly along their paths of escape.

1 Bowie, Alexander, The burning of coal bedsin place: Am. Inst. Min.
Eng. Trans., vol. 48, p. 181, 1915.
2 Personal communication.
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A. A CHIMNEY OR CORE OF HARD FUSED ROCK PROJECTING
THROUGH PARTLY BAKED STRATA NEAR MILES CITY.

Photograph by C. D. Smith.

T

B. COAL BED 11 FEET THICK ON CUSTER CREEK NEAR YELLOWSTONE RIVER
BETWEEN MILES CITY AND TERRY.

To the left the bed is slowly burning but has not yet perceptibly affected the overlying strata; to the
right it is entirely consumed, leaving only contorted white bands of ash and darker bands formed
by the baking of clay partings.

EFFECTS OF THE BURNING OF COAL BEDS IN EASTERN MONTANA,
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As the melting point of silica is above 1,600° C.,
however, it is highly improbable that this ac-
tion is accomplished by the spent gases, the
products of combustion, alone. Itisreasonable
to suppose that the coal itself becomes highly
heated, as well as the overlying rocks, and that
considerable distillation goes on a short dis-
tance back of the burning face. According to
Bowie,! in the King mine, on North Fork of
Gunnison River, Colo.,

the coal adjacent to the burned-out area seemed to have
its cohesive quality entirely destroyed. It was soft and
very easily mined but could not be utilized even for steam
fuel, as the volatile constituents of the coal seemed to

have been expelled by the heat. We had a zone of sev-
eral hundred feet of this kind of coal.

It is probable that the gases arising through
fissures in the overlying rocks contain a consid-
erable proportion of combustible matter, which
explodes or burns on reaching a supply of
oxygen, and that the intense heat necessary to
fuse rock 75 feet or more above the bed is thus
transmitted.

Apparently small fissures may control the
paths of the gases and thus start the formation
of well-defined chimneys. As the material
forming the immediate walls of the fissures
becomes molten it tends to sink and clog the
passage, so that the gases may be slightly
diverted and thus be caused to act on_a greater
volume of material. A similar effect is pro-
duced when a fissured zone rather than a single
fissure controls the escape of the gases. In this
case, however, the heat is less concentrated and
may not be sufficient to melt more than the
edges of the interfissural blocks. A single fis-
sure may lead to the formation of a core of
molten material extending many feet up
through partly baked rock, whereas a fissured
zone apparently produces a larger and less
sharply defined core of partly fused fragments.
On cooling, the fused or partly fused rock co-
heres and forms a roughly cylindrical mass of
hard “clinker.”” Chimney-shaped masses of
this kind resist erosion to a greater degree than
the partly baked strata around them and
weather to the curious pinnacles that commonly
surmount clinker bluffs or buttes (Pl. I, 4).

Aside from the strictly thermal effects of
the heated gases, they also play an important
part as reducing agents. As the combustion
of the coal takes place in a scanty supply of

1 Bowie, Alexander, op. cit., p. 182.

oxygen, a considerable proportion of carbon
monoxide is probably formed, and if the rock
is ferruginous the reducing action may be
very striking. Directly above the burning
bed and along the paths of the escaping gases
the iron is partly or wholly reduced and gray,
green, yellow, or black slag is formed. When
the reduction is partial magnetite may be pro-
duced, in some places in sufficient quantity
to affect the compass needle. When the rock
is thoroughly fused under reducing conditions,
however, a great deal of the ferrous iron formed
is taken up in the formation of new minerals
and a light-colored slag results. A reducing
atmosphere may also be developed in beds of
carbonaceous shale that are highly heated by
the burning coal bed, but most of the rock out-
side of the chimneys is merely baked under
oxidizing conditions to the characteristic red-
dish color.

PETROLOGIC CHARACTER OF THE ROCKS
FORMED.

CHARACTER OF THE ORIGINAL SEDIMENTARY
ROCKS.

Although the degree of heat and the rapidity
of cooling govern to a large extent the general
character of the materials formed, the funda-
mental factor is of course the composition of the
original rock. The coal-bearing formations of
the Western States are made up largely of shale
and sandstone. The shale may be yellow,
bluish or greenish gray, or brown and carbona-
ceous; less commonly it is reddish. The sand-
stone, which is usually gray, yellow, or brown,
is generally more or less arkosic and may carry
25 per cent or more of feldspar, hornblende or
pyroxene, and mica. Under the microscope
the rock from some localities or formations is
seen to be made up of predominantly angular
grains, and the feldspars and ferromagnesian
minerals are surprisingly fresh. In other
specimens, however, the grains are more
rounded, the feldspars kaolinized, and the
ferromagnesian minerals altered to chlorite or
serpentine. Accessory minerals,such as garnet,
zircon, and magnetite, are present in most of
the sandstone in minor quantity, and there is
usually much fine clayey interstitial material,
commonly iron stained. Some of the rocks
examined, notably those of the Lebo shale
member of the Fort Union formation (Ter-
tiary), are evidently derived from fairly basic
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igneous rocks and contain as much as 50 per
cent of chloritic material. Calcite oceurs in
many specimens, and in some localities the

e W T R 5. though beds
ocks are distinetly calcareous, thoug Y . . 4
rocks: = ‘e than 20 per cent of lime carbon- presence of hematite in the red areas und.mug3
i e e A e netite in the green and black. The rock is not

‘smooth like ordinary baked shale but is rough
and very finely vesicular like some kinds of
brick. Ordinarily the grain is so fine that
little can be made out under the microscope,
' though occasionally small areas .of 'umorphm.ls
glass may be seen. Some varieties contain
small grains of clayey material, reddish in the
center and surrounded by a gray or black zone.

surface on cooling, closely resembling L']m.t char-
acteristic of certain lavas. The rock is ll'l‘(‘.g}h
larly banded red and green or black, and thin
sccﬁons across the flow lines usually reveal the

ate are probably uncommon. ;

Although unfortunately only ge.nernhzed
data on the composition of the S(‘(lll‘flcllhll‘)"
rocks are available, the foregoing notes are suf- |
ficient to indicate that the rocks differ widely
in mineral and chemical character. Moreover,
variation in composition may be abrupt; con-
tiguous beds may be very different in character
and in many localities the same bed differs more

or less from point to point. GLASSY SLAG.
BAKED ROCK. Bodies of glassy slag large enough to be ob-

servable in the hand specimen apparently oceur
only near the top of the burning bed or in the
chimneys.  Entirely glassy slag is not common,
for where the heat is sufficient to cause com-
: : ; olete fusion cooling is generally slow enough
may be mottled in red and bright yellow, green, A Plete g 18 g MY ‘ éwf
E AR in | to allow more or less recrystallization. Most o
or black. The mottling is more common in | - : ‘
baked shale; the sandstone is generally altered  the true glass seems to oceur as small veinlots
shale; the sandstone is Ta re ; 3o g oy
ta “ ¢ Gt sk fed and & g)nl\ moderately | Penetrating crevices in the baked or vitrified
rm pinkish s only moderately , :
10 ndum (l) ! lp“ & (i S b o il it 'rock. The rock around the chimneys is gener-
rdened.  In general only the edges of the :
s ks 3 S (ally fractured or brecciated, and sudden set-
grains are fused and in many specimens no al- |

torati be detésted Bndar hasienscoe. | tling or caving apparently forces some of the
ation can be detected under the microscope. & P re 3
oo g I ' molten rock out into the crevices of this brec-

 clated mass, where it is more rapidly cooled.
' Insome places, however, conditions have led to
‘the sudden cooling of larger masses of the
' molten slag and good-sized specimens may oc-
casionally be found. Some of them resemble
|obsidian very closely, being perfectly glassy
and in spots highly vesicular. All of the speci-
mens seen by the writer are black, but translu-
cent in thin splinters.
In thin section this material appears as an
amorphous glass, generally containing a few
minute grains of a black mineral that is pre-
' sumably magnetite. One specimen is charac-
terized by a kind of spherulitic structure, as
'shown in the accompanying photomicrograph
| (PL II, 4).  Another shows a few clusters of
VITRIFIED SHALE.  acicular crystals too small to be identified, thus
In many localities the shale near the top of | illustrating the transition to the recrystallized
the burning bed or near the chimneys has been | Phases described below. ;
re.ndcr(jd pasty or molten and .has flowed RECRYSTALLIZED SLAG,
slightly. In some places the material has been -
rendered sufficiently fluid to develop a ropy| The rocks that have been thoroughly fused
1Zirkel, Ferdinand, Lehrbuch der Petrographie, Band 3, pp. 75-76 and COOled W’ltih S.'ufﬁc'lent Slowness to &uow
1894. References are given to earlier accounts, dealing mostly with oc- comp]et,e l‘ecrystalhzauon are of considerable
currences in European coal fields, petrographic interest, though constituting a

Shale or sandstone more or less baked con-
stitutes by far the largest part of the meta-
morphosed strata. Although the prevailing
colors are pink, red, or purplish red, the rocks

The shales apparently respond more readily
to the heat, losing their original texture and
becoming hard and massive. A splintery or
conchoidal fracture is not uncommon, even
where the rock retains clear impressions of fos-
sil leaves or invertebrates. Many specimens
resemble jasper, their appearance suggesting
the terms porzellanit and porzellanjaspis, under
which this material is deseribed by Zirkel.:
The mottled rock is probably produced by a
higher temperature, though its colors are due

“primarily to irregular oxidation of the iron.
As disclosed by the microscope the red color is
due to the formation of minute scales of hema-
tite, whereas the black and green areas contain
abundant small grains of magnetite.
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minor facies of the metamorphic products.
The recrystallized material is generally, if not
invariably, confined to the chimneys. As a
rule it is gray to dark greenish gray, and except
for its vesicularity is very similar in appearance
to a fairly basic igneous rock. The grain is gen-
erally fine, though in one specimen a crystal a
tenth of an inch in diameter resembling pyrox-
ene was observed. All gradations between
holocrystalline material and glassy slag may be
found, and in most of the specimens examined
a small amount of interstitial glass occurs. In
one slide remnants of the original quartz grains
appear together with amorphous glass and
small, slender newly formed crystals.

A specimen from Tongue River near the
Wyoming-Montana line (T. 9. S., R. 40 E.) was
studied under the microscope and found to con-
sist chiefly of diopside and basic plagioclase.
The mineral called diopside has the following
optical characters: Biaxial positive; axial angle
-about 60°; dispersion weak with red greater
than violet; extinction angle, 36°; and in-
dices of refraction about 1.675 and 1.702. The
plagioclase has a maximum extinction angle of
38° in microlites and refractive indices of 1.57
and 1.58, which indicate a basic labradorite or
bytownite of the approximate composition
Ab,An,. Asshownin the accompanying photo-
micrograph (Pl. II, B), the diopside crystals
have a tendency to form radiating groups, and
the plagioclase occurs in well-formed laths
and microlites. Some garnet, apparently al-
mandite, was observed, and magnetite in smal]
grains is fairly abundant. As near as can be
ascertained the rock from which this material
was derived is a sandy shale, consisting largely
of kaolin, feldspar, and altered ferromagnesian
minerals, together with subordinate quartz and
some calcite.

A specimen collected near the head of
Sarpy Creek (T. 1 N., R. 37 E.) resembles
the specimen from Tongue River megascopi-
cally, but under the microscope appears to be
a very different rock. A larger number of
minerals are present and the characters of the
most important of these do not correspond
with those of any of the ordinary rock-form-
ing minerals. The rock consists largely of
greenish phenocrysts—at first sight suggesting
epidote—set in a mosaic of colorless grains
resembling melilite. The optical characters
of the green mineral are as follows: Biaxial

(ol
{

positive; - axial angle nearly 90°; dispersion
strong, and red greater than violet; extinc-
tion angle 23°-25°; and indices of refraction
about 1.655 and 1.675. The mineral is pleo-
chroic, deep yellow to apple-green. These
properties indicate that it is not epidote and
suggest that it may be clinoenstatite. The
colorless mineral is biaxial negative in char-
acter, has a large axial angle, and has strong
dispersion, red being less than violet. Its
birefringence is about that of quartz, and its
refractive indices are about 1.615 and 1.625.
These properties suggest andalusite or some
form of wollastonite, though the mineral
does not resemble either of these in habit.
Two other minerals are present that could
not be identified. One is pleochroic, yellow
to colorless; it is uniaxial negative in char-
acter and its refractive indices are about 1.62
and 1.64. The other, which is not abundant,
is isotropic, colorless, and lacks cleavage; its
index of refraction is about 1.61. In addition
the rock contains a basic labradorite, occurring
in small but well-twinned laths, magnetite,
and a few grains of garnet, probably almandite.
Several rounded xenoliths of shale surrounded
by contact rims of the yellow and white
minerals already described were observed.
(See PL. II1.)

A specimen collected in T. 1 N., R. 36 E,,
not far from the one just described, appears
to have been derived from a more highly
aluminousshale. Itisonly partly recrystallized
and consists largely of glass, but acicular
crystals of sillimanite (fibrolite) are abundant,
and several grains of what seem to be cordierite
were observed. Spinel may be present but
could not be positively identified. Close to
the chimney in which this mineral occurs a
mass of specular hematite about a foot in
diameter was found. The hematite appears
to be closely associated with the chimney,
although it lay rather in the partly baked
shale through which the chimney projects.
This remarkable occurrence is discussed on
pages 9-10.

All the rocks described appear to be irregu-
lar in composition, and different portions of
the same specimen may contain different
minerals. It is probable that a detailed
study would reveal many more species, and
some have indeed been reported by other
observers. In slags from eastern Wyoming
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Bastin ! finds oligoclase, pyroxene, and cordi-
erite, in addition to magnetite and hematite.
He describes a vein of slag about one-tenth of
an inch in diameter penetrating red argillite
as follows:

In passing from the reddish argillite toward the center
of the vein the contact zone shows a gradual decrease
in the normal shale constituents and a development, in
increasing amount and coarseness, of purplish-blue
pleochroic cordierite. Next the coarser part of the
vein this mineral is present to the exclusion of all others.
In this contact zone the red iron oxide of the argillite
has been wholly reduced to magnetite. The central
portion of the vein is a somewhat vesicular, holocrystalline
mass, consisting of abundant magnetite in irregular
masses, some hematite, usually lining the vesicles and
following fractures, and abundant cordierite, feldspar,
and pyroxene.

Hibsch 2 has described similar material
from the Mittelgebirges (northern Bohemia)
under the name Kohlenbrandgesteine. In the
recrystallized specimens he finds magnetite,
cordierite, epidote in well-formed crystals,
plagioclase, tridymite, and abundant dark
grains that may belong to the spinel group.

CHEMICAL CHANGES.

The most widespread chemical change pro-
duced in the overlying strata by burning coal
beds is dehydration under conditions favor-
able to oxidation. This change affects chiefly
the limonite and the siderite or other ferrous
iron compounds, which are converted into
hematite, with consequent reddening of the
rock. Some of the hydrous silicates may be
partly or wholly dehydrated without fusion
under some conditions, but if this change
takes place it is difficult to detect. In one
specimen, however, the writer observed a large
fresh grain of green augite in a sandy shale
that had been baked but not fused. The
augite could not be a product of secondary
crystallization, and all the other constituents
of the rock were considerably altered. This
suggests that it may have been re-formed by
the dehydration of alteration products, such as
chlorite or serpentine, though the writer is
aware that such a process is not well supported
by laboratory results.®

1 Bastin, E. 8., Note on baked clays and natural slags in eastern
Wyoming: Jour. Geology, vol. 13, pp. 408412, 1905.

2 Hibsch, J. E., Geologische Karte des bohmischen Mittelgebirges:
Min. pet. Mitt., vol. 27, pp. 35-40, 1908.

3 Clarke, F. W., and Schneider, E. A., Experiments upon the con-
stitution of certain micas and chlorites: U. S. Geol. Survey Bull. 113,
pp. 27-33, 1893.

Within the chimneys and directly above the
burning bed, where the rocks are fused under
conditions favorable to reduction, more ex-
tensive changes take place. The conditions
are, of course, very different from those under
which igneous rocks are formed, and are anal-
ogous rather to those in the slag furnace.
The pressure is low, mineralizing . agents are
absent, and much of the water that the rocks
contained is doubtless quickly driven off.
The material involved, however, is different
from that which enters into the composition
of most furnace slags, being generally argil-
laceous rather than calcareous, and many of
the minerals formed are therefore probably
unlike those common in artificial slags. In
this connection the classic researches of Vogt
and Morozewicz, on prepared slags of known
composition, are of interest.

It is impracticable to correlate many pieces
of slag with the unaltered rock from which
they were derived, owing to the irregularity
in composition of the strata. Furthermore,
unless fusion is very complete and the molten
mass is well mixed its mineral composition
may also be irregular. However, the diopside-
plagioclase rock described above is evidently
derived from a sandy shale, and after micro-
scopic study a sample of this shale was analyzed
by the writer in the hope that the analysis as
recast might explain the mineral character of
the slag. The composition of the shale is
shown by analysis 1 in the accompanying table.

The sample analyzed had been partly baked,
which explains the ferric condition of nearly all
the iron. The analysis accounts in a general
way for the mineral composition of the slag,
indicating rather high iron, lime, and magnesia.
According to Morozewicz,* diopside or heden-
bergite is formed in a slag in which the molec-
ular ratio of Fe+Mg:Ca is less than 3:1.
This analysis shows a ratio of only 94 to 89,
or if all the iron is calculated as ferrous, of
140 : 89, and pyroxene of the diopside-heden-
bergite type is therefore to be expected.
According to the same investigator,® augite is
generally formed when the melt contains
more than 50 per cent of silica, and though no
augite was observed in this slag it might, if
irregularly distributed, easily escape observa-

4 Morozewicz, Josef, Experimentelle Untersuchungen der Minerale
im Magma: Min. pet. Mitt., vol. 18, pp. 113-128, 1898.
5 Idem, pp. 113, 120, 123-124.
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BAKED SHALE AND SLAG FORMED BY BURNING OF COAL BEDS. 9

tion. The analysis, however, indicates a more
acidic plagioclase than that found in the slag
and suggests that an excess of silica would
probably be left to crystallize as quartz or
tridymite, which are apparently absent. These
discrepancies are presumably due to irregu-
larities in the composition of both the shale
analyzed and the slag.

Analyses of baked shale from Fort Union formation, Montana.

[G. S. Rogers, analyst.]

1 2

BiOus wurnss cs sammmammess o 4 s aninms 65.41 58.30
o R L W i .28
ALOgo. 11.94 20. 50
20 P 7.38 4.23
1}\?16% .............................. 76 .46
) ccvmmemessnmminemans § §sRues|smsmemms § s .18
.17, SO N, 1.50 1.31
L O T PO 5.02 4.40
K,0.. 1.96 2.28
RO ocii iooimmns i bemmassss ®m s s 2.83 1.46
;o ¢ P A 08 1.03
20 3 R .50 1.90
(57 S 1.57 3.37
L0 PSR ) .22 .19
PiOjuscsinmsnnn se s sommenmmanas avs v Trace. Trace.
100. 34 99. 89

3. C1ay Tnale trom bR B ge g, ver T+ 0, B 40T

The third specimen described, containing
sillimanite, cordierite, and probably spinel, is of
interest as indicating the minerals that form in
a melt more highly aluminous than any normal
igneous magma. The composition of the shale
from which this slag is derived is shown by
analysis 2. The specimen analyzed had been
moderately baked. It is uniformly fine grained
and under the microscope appears to consist
largely of clayey material together with a few
grains of quartz and some calcite.

The analysis indicates a slag similar in com-
position to some of those studied by Moroze-
wicz,! who was able to formulate the condi-
tions under which the several aluminous min-
erals form. If the molecular ratio of alumina
is greater than the sum of the ratios of lime,
soda, and potash, the magma is supersaturated
with respect to alumina. If the general for-
mula of the magma is written 1R0.mAlL0,.nSi0,
the following rules apply: When magnesia and
iron are very low, if n is less than 6 corundum
will form, but if » is greater than 6 sillimanite
will crystallize out. When magnesia and iron

1 Op. cit., pp. 22-83.

are present in appreciable amount, if n is less
than 6 corundum and spinel are produced, but
if n is greater than 6 spinel and cordierite will
form. Analysis 2 indicates the formula
125R0.201A1,0,.9718i0,, or 1R0.1.6AL0,.-
7.7510,; as m is greater than 1 and n is greater
than 6 the melt is supersaturated with respect
to alumina, and the alumina should form spinel,
cordierite, and sillimanite. The sum of the
molecular ratios of iron and magnesia is 64, or
less than the difference between those of RO
and ALO,. It may besupposed that cordierite
and spinel would be formed until the magnesia
and iron were nearly exhausted, and that the
balance of the alumina would then be consumed
in the formation of sillimanite. Unfortunately
the slag examined was incompletely crys-
tallized, and the order of formation of the min-
erals could not be determined. Cordierite is
reported by both Bastin and Hibsch, and a
mineral resembling spinel was found by Hibsch,
which indicates that the aluminous silicates are
probably common in the slags formed by the
fusion of shales, and as magnesia and iron are
generally present in considerable amount cor-
dierite and spinel are doubtless more common
than sillimanite or corundum.

As already mentioned, a mass of hematite
weighing several pounds was found close to the
chimney from which the slag described above
was taken. A partial analysis of the hematite
is as follows:

Analysis of hematite from T. 1 N., R. 36 E., Montana.

[Chase Palmer, analyst.]

Ferric iron (Fe,03)-:-cvumuacaanararananarananann 83.57
BUIPHOE (8)ee clwmigimictimim e o » oo vs = w s Traces
Chloride (insoluble) (Cl).........c.cccceoco..... Traces
Metallic iron (Fe)e s sindun s wnmmmmpsin ¢4 4 59550 None
Ferrousiron (Fe0)..i:cdcscocasnmnssasoss nmman None

The origin of this mass of hematite is not
easy to understand. So far as the writer knows
hematite has never been observed elsewhere
in these flat-lying and only partly consolidated
strata, and the specimen described must
therefore have been formed in some way
through the agency of the burning coal. It
might be ascribed to the oxidation of a large
pyrite or ironstone nodule, but a careful search
failed to reveal any such nodules in the un-
altered beds near by. On the other hand, if
1t is considered to have resulted from segre-
gation during heating or fusion, the details of
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the process are very difficult to explain. As
shown by analysis 2 (p. 9), the surrounding
rock contains less than 5 per cent of iron, and
rather extensive concentration would therefore
have to be postulated. According to Vogt,!
hematite rarely occurs in ordinary furnace
slags, as it can crystallize only when ferrous
compounds are present in very subordinate
amounts. In the surrounding rock ferrous
iron is practically absent, but in order to
concentrate the ferric iron complete fusion
would appear to be necessary, and as this seems
always to take place under conditions favorable
to reduction, much of the ferric iron would
become ferrous. If the iron had occurred
directly in the chimney as native iron, or even
as magnetite, it might therefore be supposed
that a smelting process akin to that in the
ordinary blast furnace had taken place, but
as it was found at the edge of the chimney and
is completely oxidized to hematite this view
does not appear to be tenable.

A third hypothesis that might be suggested
is that the hematite formed as it forms around
volcanoes, through the decomposition of ferric
chloride or sulphate by steam or heated air.
The ground water of the region in which the
hematite was found carries a considerable
proportion of sodium chloride and of sodium,
calcium, and magnesium sulphate, and as these
salts are not uncommon as incrustations on

1Vogt, J. H. L., Beitriige zur Kenntniss der Gesetze der Mineralbil-
dungin Schmelzmassen, pp. 215-217, 1892

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1917.

the rocks an adequate supply of chloride or sul-
phate is undoubtedly present. On the assump-
tion that hydrated ferric oxide (limonite) is
capable of uniting with sodium chloride under
the influence of intense heat, it seems probable
that the ferric chloride so formed would ascend
as vapor with the other gases and would be
deposited as hematite in the upper part of the
chimney. It is by no means certain that the
primary reaction between disseminated limo-
nite or siderite and soluble chlorides or sul-
phates is chemically possible under the con-
ditions prevailing, but the presence of traces
of basic (insoluble) chloride in the hematite is
difficult to explain on other grounds and
therefore tends to support this hypothesis.

Native iron of secondary origin has been
observed near coal beds in other localities.
On North Saskatchewan River, 70 miles
above Edmonton, Alberta, lignite beds have .
burned -and have reduced the large clay iron-
stone nodules in the overlying strata to metallic
iron, masses of which weighing from 15 to 20
pounds have been found.? At three localities
in Missouri drill holes have penetrated small
masses of soft malleable iron in the sedinientary
rocks above coal beds,® but the genetic rela-
tions of the iron and coal in this case are not
so clear.

2 Tyrrell, J. B., Naturally reduced iron: Am. Jour. Sci., 3d ser., vol. 33,
p. 73, 1887.

3 Allen, E. T., Native iron in the coal measures of Missouri: Am.
Jour. Sci., 4th ser., vol. 4, pp. 99-104, 1897.
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THE NEWINGTON MORAINE, MAINE, NEW HAMPSHIRE, AND
MASSACHUSETTS.

By Frank J. Karz and ArtHUR KEITH.

INTRODUCTION.

The present paper embodies the results of
brief studies in 1915 and some earlier observa-
tions (1911-1914) on glacial and associated
deposits in Maine and New Hampshire. It is
preliminary in character, and the work was
incidental to more extensive and detailed
studies of the Pleistocene geology of south-
western Maine and vicinity, which will be the
subject of later publications.

The fact that a belt of gravelly and sandy
ridges in southwestern Maine and adjacent
New Hampshire has the character of a terminal
moraine was recognized by the authors while
they were together engaged in geologic recon-
naissance. The moraine was first noted in
Biddeford and Wells, Maine, and in Newington
and Portsmouth, N. H. Mr. Keith traced the
course of the moraine from Rye, N. H., to
Newbury Old Town, Mass.; the portion in New-
bury and Newburyport, Mass., had been noted
by Sears! Mr. Katz subsequently studied
the moraine from Saco, Maine, to Rye, N. H.
The late Prof. C. A. Davis was for a time in the
field with the authors and contributed to the
results here announced. His familiarity with
the geography and geology of the region about
Portsmouth was of assistance in tracing the
moraine.

Earlier geologic writings that are of interest
as discussions of Pleistocene geology of the
same region are limited to three—Warren Up-
ham’s chapter, “ Modified drift,” in Hitchcock’s
“Geology of New Hampshire,” volume 3; J. H.
Sears’s “ Geology of Essex County, Mass.,”
cited by full title below; and F. G. Clapp’s
“Complexity of the glacial period in northeast-
ern New England.”?

1 8ears, J. H., The physical geography, geology, mineralogy, and
paleontology of Essex County, Mass., pp. 296, 301, map, Essex Institute,
Salem, 1905.

2 Geol. Soc. America Buil., vol. 18, pp. 505-556, 1907.

The name here adopted is taken from the
town of Newington, N. H., in which the moraine
is characteristically developed and forms a
prominent topographic feature. The time of
the Newington moraine will be designated the
Newington substage.

GENERAL CHARACTER OF THE REGION.

The region in which the Newington moraine
is situated is a coastal lowland from 12 to 20
miles wide, bounded on the landward side by
an upland that rises inland by a series of thor-
oughly dissected rock platforms or terraces.
The coastal lowland, which also includes sev-
eral similar but lower terraces, is a hilly,
heavily drift-mantled rock surface, rising from
below sea level to about 300 feet above sea
level. The rock floor of this terraced surface
is thoroughly dissected into ridges separated
by wide, open valleys, some of which are in
part worn to depths below the present sea
level. Some ridges, for example the Bauneg
Beg Ridge, project from the upland terraces
into the lowland area, and some monadnock-
like rock hills or outliers of the higher terraces,
notably Mount Agamenticus, rise above it.

The entire region has been rigorously glaci-
ated and abundantly supplied with glacial
deposits of many kinds. During part of the
glacial epoch the coastal terraces were sub-
merged beneath the sea, but since then they
have emerged. During the period of subsidence
marine clays and sands were deposited in the
depressions, and these deposits are now to be
seen as broad, flat areas only slightly dissected
by a very young drainage system. Davis® has
shown that ““The present shore line is therefore
not the direct result of submergence of a rugged
land, but of the emergence of an uneven sea

8 Davis, W. M., Physiography, in Grabau, A. W., and Woodman,
J. E., Guide to localities illustrating the geology * * * of the vicinity
of Boston, p. 5, Am. Assoc. Adv. Sci., 1898.
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bottom—uneven because the marine clays that
were spread upon it had not been deposited in
sufficient quantity to smooth over its previous
inequality.”

The glacial and marine deposits have modi-
fied and in general softened the relief of the
region and have deflected many of the streams
from the preglacial rock valleys. Neverthe-
less, the general trend of the principal drainage
lines is now, as formerly, southerly to east-
southeasterly. The marine deposits increase
in breadth and thickness and indicate greater
submergence toward the north and northeast.
The surface of these deposits now slopes south-
eastward (toward the sea), and, furthermore,
the broad plains of marine clay and sand lie
at higher elevations in the northern part of the
region than in the southern part. There ap-
pears, then, to have been some tilting. These
relations, however, may be in part explained as
due to differences in the degree of filling caused
by differences in the quantity of material dis-
charged into the sea at different localities and
in the distance of the several localities from
the shore line and the sources of the materials.
The Pleistocene marine sediments of this region
and the associated problems of coastal move-
ments and delineation of shore lines are now
being studied.

LOCATION AND DISPOSITION OF THE MORAINE.

The drift formations here considered are dis-
tributed along a sinuous 60-mile course in York
County, Maine, Strafford and Rockingham
counties, N. H., and Essex County, Mass.!
They lie nowhere more than 9 miles from the
present Atlantic coast and in some places are
adjacent to tidewater. Their distribution is
shown on the accompanying map (P1. IV).

The moraine does not form a continuous
ridge but is made up of a number of segments,
more or less widely separated by intervals in
which no deposits belonging to a terminal mo-
raine have been found. Nevertheless, there is
a conspicuous alignment of the segments, as
displayed on the map (Pl. IV), which supports
the conclusion that all are parts of the same
moraine. The arrangement and extent of the
several segments and intervals are as follows:

1 This region is represented on the following maps of the United States
Geological Survey’s topographic atlas: Portland, Biddeford, and Ken-
nebunk, Maine; Berwick and Dover, Maine and N. H.; and Newbury-
port, N.H.and Mass. Allthese maps,except that of the Portland quad-
rangle,are of reconnaissance grade, and therefore too much generalized to
bring out features like those described.
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Beginning at the north, the first is the Saco
segment, in the western part of the city of Saco,
Maine, on the north bank of Saco River just west
of Deep Brook. It is a little less than a quar-
ter of a mile long and trends southeast. Be-
tween the Saco segment and the next one, the
Biddeford segment, is a short interval occupied
by Saco River and its flood plain. The Bidde-
ford segment has its north end south of the
Saco segment, on the south side of Saco River,
in Biddeford, and extends south-southeast for
nearly a mile, and thence west of south along
the west side of the post road for 1% miles,
finally turns southwestward and ends near the
granite hills in the southern part of the town
of Biddeford. Beyond an interval of 11 miles
to the southwest, across granite hills, is the
next segment, the Kennebunkport, which is a
ridge 1% miles long with souvawest trend.
About 7 miles to the southwest, across Kenne-
bunk, Mousam, and Branch rivers and the
flat lowlands adjoining them, is the Wells seg-
ment or Merriland Ridge. This ridge has a
sinuous course about 7 miles long, trending
south for a mile, then swinging westward and
finally southwestward and terminating about
2 miles east of North Berwick village, against a
massive hill of granite. About 24 miles south-
west of this point there is a small area of prob-
ably morainal sands and gravels. Two miles
farther south is the Knights Pond segment,
a crescentic ridge inclosing the southeast end
of Knights Pond, in the northwest corner of
the town of South Berwick. The succeeding
interval, measured to either the Dover or the
Dover Neck segment, is approximately 8 miles
across areas of ground moraine (till), marine
clay and sand, and rock ledges.

The Dover segment, including Pine Hill
Cemetery, in the city of Dover, is an irregular
area from half to three-fourths of a mile wide.
This is separated by an interval of clay plain
and till-covered rock hills, 1 mile wide, in a
southeast direction from the Dover Neck seg-
ment, which is a north-south ridge 2% miles
long between Little John Creek®on the north,
Dover Point on the south, and Piscataqua and
Bellamy rivers on the east and west, respec-
tively. Across Little Bay, 1 mile south of the
end of the Dover Neck ridge, is the north end
of the Newington and Portsmouth segment,
which extends south about 21 miles along or
near the eastern shore of Great Bay, thence
east three-fourths of a mile to Newington Town
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NEWINGTON MOBAINE, MAINE, NEW HAMPSHIRE, AND MASSACHUSETTS.

Hall, southeast 3 miles to Portsmouth Plains,
south 1 mile to Peverly Hill, and south into the
swamp along Berrys Brook. The part of the
moraine between Newington and Peverly Hill
is shown on Plate IX (p. 18). The Rye, North
Hampton, and Hampton segment, beginning
south of Berrys Brook opposite the end of the
Newington and Portsmouth segment, extends
west-southwest through Rye Center and West
Rye 2 miles to Breakfast Hill, south and west
of which, in North Hampton, morainal deposits
are irregularly distributed over a broad area of
several square miles. North of this area, in
the town of Greenland, is an outlying moraine
ridge 1% miles long from north to south. From
North Hampton the moraine continues south-
ward through Hampton village into Hampton
Marsb, north of Taylor River. The Hampton
Falls, Seabrook, and Salisbury segment begins
in Hampton Falls, 1} miles southwest of the
preceding segment, and extends south and
south-southwest through Seabrook and Salis-
bury to Merrimack River. The Newburyport
segment begins in Amesbury and runs south-
east across Merrimack River and for 7 miles in
a nearly straight course into Newbury village,
whence it extends south-southwestward for a
short distance to Parker River. The moraine
has not been traced beyond this point.

The above-outlined disposition of moraine
segments indicates that the ice front of the
Newington substage from Saco, Maine, to New-
bury, Mass., a distance of 59 miles, had a gen-
. eral south-southwest course, though it was not
straight. From Saco through Wells the line
indicated by the segments was nearly 15 miles
straight southwest. Beyond Wells, through
North Berwick and South Berwick, Maine, and
Rollinsford and Dover, N. H., the front was
bowed 2 miles westward through another
stretch of 15 miles around the Mount Agamen-
ticus mass, which was a barrier to eastward ice
movement. From Dover it swung southeast-
erly for 8 miles through Newington and Ports-
mouth into Rye, being held south of Piscataqua
River, probably by the influence of both the
Agamenticus highland and the Piscataqua es-
tuary. This southeasterly stretch and the suc-
ceeding west-southwesterly course of 4 miles in
Rye and North Hampton outline a small lobe,
caused by the Great Bay depression. From
North Hampton the general course of the ice

13

front was south-southwest for 11 miles to Mer-
rimack River, with a slight easterly bowing.
South of Merrimack River its course has been
traced for about 8 miles in a southeasterly
direction, determined by the river, from Ames-
bury to Newbury Old Town.

GENERAL CHARACTER OF THE MORAINE.

The Newington moraine is a ridge ranging in
height from 40 to 100 feet above its base and
in width from a few rods to a mile or more.
It consists of a western inner or ice-contact
slope, the summit or moraine crest, and in
some places an outer slope with which is asso-
ciated an outwash apron. These parts are
not everywhere distinct. The inner side is
generally steep, rising abruptly the full height
of the moraine from ground moraine or marine
clay plains. The crest, whether narrow or
broad, is nearly everywhere flat and approxi-
mately level. It is hummocky in only a few
places, nowhere markedly so. It does not
exhibit the typical knob and kettle form of
kame moraines, nor the rough surface of till
and boulder moraines. Where kamelike forms
have been developed, as in Newburyport,
Kennebunkport, and Dover, and locally in
Newington and Portsmouth, they are small and
subdued in form and relief. As a rule, kettle
holes are few, isolated, and small. In New-
buryport and North Hampton, however, there
are groups of good-sized ones. Where the
moraine does not lie against rock hills the
outer side is a moderate slope descending to
clay plains or merging into an outwash apron
or else a low scarp between the outwash and
the moraine crest. Outwash plains were not
formed everywhere, and some of them are not
distinet from the moraine. They are smooth
gentle slopes a few rods to 14 miles wide and
locally pass gradually in both slope and consti-
tution into broad flats of marine clay and sand.

Within a moderate range the moraine as-
cends and descends with the relief of the floor
upon which it stands. Thus it rises out of the
valley of Saco River upon the small rock hills
in Biddeford and descends again - into the
valley of Kennebunk and Mousam rivers. In
Wells and South Berwick it attains its greatest
elevation of about 200 feet on the flanks of a
large obstruction of high ground. Southwest
of this locality it descends to sea level in Pis-
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cataqua River. However, the maximum dif-
ference in altitude of different parts of the
moraine does not exceed 200 feet,.

The materials of the moraine are boulders,
gravel, and sand. With the exception of some
of those at one place, all the boulders and
pebbles observed are foreign to the locality of
the moraine.
fied clay has also been noted in the moraine,
but no till has been identified in morainal de-
posits of typical Newington form. Boulders
are not abundant as a rule but have been found
in considerable numbers in the north end of
Merriland Ridge, Rye:Center, and Greenland.
Gravelly sand and gravel made up of large
cobbles, small pebbles, and sand predominate
in the moraine. These materials are all more
or less washed and water-rounded. The out-
wash materials are gravel and sand, dominantly
of small size, and are progressively finer toward
the farther limit of the outwash.

The moraine has in many places a well-
developed internal structure consisting of a
sorting and stratification approximately par-
allel to the cross profile of the moraine. Beds
that are nearly flat in the center dip outward
into and constitute the proximal part of the
outwash plain. In several places in Biddeford,
Newington, and Portsmouth the inner side of
the moraine is made up of beds dipping strongly
and in part parallel to the surface slope. These
“backset” beds are well developed in the
broader parts of the moraine and were deposited
during slow retreat of the ice. In places in
Newington the moraine contains structureless,
unsorted sand and gravel. Irregularly dis-
tributed patches of sand and gravel were noted
in Saco and Portsmouth.

LOCAL DETAILS.
SACO SEGMENT.

The moraine in Saco is very narrow and in-
conspicuous; it consists of aligned sandy
knolls almost covered by the surrounding clay
and sand plain. The ridge extends northwest
toward a till-covered rock hill, from which it is
separated by nearly half a mile of horizontal
sand plain. In two pits marine clay and over-
lying sand lie above the moraine material,
which consists of waterworn sand, gravel, and
boulders, not stratified but in pell-mell struc-
ture. Pebbles of moderate size predominate,
although there are also numerous large boulders.
The materials in these pits are not weathered.

A very small amount of strati-
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BIDDEFORD SEGMENT.

Opposite the Saco segment is the north end of
the Biddeford segment, also covered by clay.
A broad mound of stratified sand overlain by
marine clay on the north side of Main Street,
Biddeford, is the northernmost recognizable
part. Thence the moraine continues south-
eastward, rises above the clay as a gravel
cover on the south-southwest slope of the
rocky hill in the center of the city, and extends
as far as Elm Street (the post road), where it
forms a flat-topped sand plain that on the
east in part abuts against higher granite hills
and in part grades into a clay plain. From
this plain the moraine narrows to an even-
crested ridge which trends southwest on the
west side of the post road for about a mile.
This ridge is 160 to 180 feet above sea level,
and from it the descent to the northwest is
moderately steep for about 50 feet to a low
area floored by rock ledges, ground moraine,
and marine clay. On the southeast side, how-
ever, the ridge is only locally marked off by
a low scarp and slight change in slope from the
bordering sandy outwash plain, which slopes
gently southeastward and merges into a clay
plain. The difference in slope and altitude
between the two sides is a most striking feature
in a view from the top of the moraine. From
the post road the moraine turns westward and
decreases in height. It trends toward the
granite hills on the edge of the town of Kenne-
bunkport but ends at the low pass immedi-
ately east of those hills.

The make-up of the Biddeford segment is
disclosed in a number of gravel pits and sand
banks from which material is taken for rail-
road, highway, and construction work in and
around Biddeford. Two cuts on the summit
and the large gravel bank worked by the rail-
road on the northwest side of the high ridge
along the post road show that the material is
made up of gravel and boulders packed in a
sandy matrix without sorting or stratification
and at least in part lying on granite ledges.
The material is all more or less waterworn and
rounded, and in the summit cuts it is iron
stained and partly rotted. A sand pit near
the junction of the post road and the Alfred
pike, near the moraine border of the outwash
plain, shows 20 feet of stratified and approxi-
mately horizontal sands. Pits in the north-
west slope of the ridge and on the north side
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A. UPPER PART OF PIT.
Shows 15 feet of rudely stratified moraine gravel.

B. LOWER PART OF PIT.

Well-stratified sand and gravel on inner slope of moraine. These sands are overlain by the gravel
shown in A.

GRAVEL PIT IN BIDDEFORD, MAINE.
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B.

MORAINE FRONT AND OUTWASH, MERRILAND RIDGE, WELLS, MAINE.

In the upper view the moraine front is fairly smooth and not sharply separated from the outwash.
In the lower view the moraine is scalloped and more sharply separated from the outwash.
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of the Alfred pike expose 15 to 20 feet of sand
and gravel. (See Pl. V.) This material is
for the most part stratified and sorted, although
but poorly so, and the beds dip strongly 35°-
45°W.—that is, they are “backset’” beds. The
pebbles and boulders, the latter not uncom-
monly 2 feet and rarely 3 feet in diameter, are
almost all rounded. Although some of them
are somewhat polyhedral, like faceted pebbles
or soled boulders, they have been so much
rounded off that plane surfaces, other than
joint or cleavage faces, are scarce. In these
exposures beds of sand or small pebbles con-
taining a few scattered larger pebbles are over-
lain by gravel beds containing 4 to 6 inch
cobbles and many boulders. In all the gravel
beds there is a closely packed matrix of sand
and small pebbles.

The prominent part of the Biddeford seg-
ment is the ridge along the post road. The
southwest end of this ridge, which is low and
inconspicuous, trends toward and terminates
near rock hills that are higher than any part
of the moraine. The northeast end of this
ridge lies against the higher rock ledges in the
city, and the morainal gravels and sands con-
tinue to the north as a cover on the flank of
these ledges. The northern part of the Bidde-
ford segment and the Saco segment connect
rock hills on both sides of Saco River. It is
clear that these rock hills determined the form
and position of the ice front and that the low
ground between them was the site of the dis-
charge of the glacial drainage of Saco Valley.

Between the Biddeford and Kennebunkport
segments is an interval of 1} miles occupied
by hills of granite that stand about 50 to 100
feet higher than surrounding areas. These
hills for the most part are bare rocks, but in
places they have a drift cover, no part of which
has yet been recognized as belonging to a
terminal moraine.

KENNEBUNKPORT SEGMENT.

The Kennebunkport segment is a narrow
southwestward-trending ridge 1% miles long
and for the most part only 30 to 100 rods wide,
though it widens to nearly three-quarters of a
mile at.its southwest end. It is made up of a
number of coalescent sandy kamelike knolls
and includes in its higher and broader southern
part a few small rock ledges. This segment of
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the moraine springs from the south side of the
granite hills, against which on the north the
Biddeford segment terminates. On the east,
north, and west the Kennebunkport segment
is bordered by wide plains of marine clay and
sand. These deposits fill the valleys of Kenne-
bunk, Mousam, and Branch rivers, and ex-
cept for detached protuberant hillocks of
rock and ground moraine they bury all other
formations. It is 7 miles south-southwest
across these filled valleys, in which no terminal-
moraine deposits have been found, from the
Kennebunkport to the next segment.

MERRILAND RIDGE (WELLS SEGMENT).

The moraine of Merriland Ridge is terminated
at both ends by granite hills. The north end
springs from a small, low granite knob on
Merriland River, in the town of Wells, about
2 miles above the mouth of the river. From
this rock knob the moraine extends southward
for a mile as a generally flat but in a small
way hummocky area one-fifth mile to 1 mile
broad. Over this area are scattered numerous
large boulders, which, however, are more
abundant on the western part of the broadest
portion; the eastern part has fewer boulders
and is more sandy. Southwestward from this
broad, flat part the moraine is narrower, higher,
and more sharply ridgelike, and from a point
about 14 miles north of west of Wells Beach
station through a distance of 3% miles west-
southwest the moraine is a prominent sigmoid
ridge which rises abruptly 40 to 50 feet above
low and wide meadows on the northwest. (See
Pls. VI and VIL) Through this distance it
has a nearly level and generally smooth or
gently undulating crest, at an altitude of about
200 feet above sea level. The crest is in some
places only a few rods in width and in others
several hundred yards. The southeast slope of
this part of the ridge is short, 10 to 20 feet
high, and steep. It isin places somewhat irreg-
ularly scalloped or ribbed and breaks sharply
into a very gently sloping outwash apron of
gravel and sand. In other places this south-
east slope is smooth and merges gradually into
the outwash apron. (See Pl. VI.)

The moraine is prolonged 134 miles farther
west, retaining its sharp ridge form. In this
stretch it approaches the nearly parallel north
slope of a large granite hill, against which it
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ends at a point about 2 miles east of North
Berwick village. Through this end of the
moraine some ledges of granite protrude.

The material constituting the northern part
of this moraine is largely bouldery gravel.
Elsewhere, as seen on the surface, it is chiefly
sand and gravel of moderate size. The only
section found is the railroad cut through Merri-
land Ridge, the south bank of which is shown
in Plate VII. The height of this section is
about 35 feet. The material in it is stratified
small gravel and sand, with a little clay and
relatively few small and large boulders. The
attitude of the beds, which is faintly indicated
in the photograph, is in approximate paral-
lelism with the front or east side of the moraine.
The bedding has a low easterly dip under the
outwash plain and rises to a greater inclination
under the crest, and then with lessened dip the
beds are cut off at the back slope. This atti-
tude is shown in figure 1. The clay seam,
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territory north and west disclosed no morainal
deposits, but in South Berwick, at 2% miles
southwest of the end of the Merriland Ridge
segment and on the west flank of the rock hills,
was found the feature next described.

MORAINAL DEPOSITS IN SOUTH BERWICK.

In South Berwick, 1% miles southeast of
North Berwick village, there is a small area of
sand and gravel that fills a saddle between rock
hills. No distinetly morainal features were
noted here, but the position of this drift and its
similarity in character to the drift of Merriland
Ridge are suggestive of morainal origin. In
1890 Leonard H. Davis ! regarded this drift as
a moraine.

Three to four miles southwest of this area
of sand and gravel is the ridge inclosing the
south end of Knights Pond. This ridge is a
crescentic belt, convex to the south, of small
contiguous sand and gravel knolls which pre-

Moraine crest

Outwash plain

R.R. level . Clay bed

Position of ice front W,
A

FiGURE 1.—Diagrammatic section of moraine and outwash deposits of Merriland Ridge, Wells, Maine, showing the structure of the moraine.

visible as a dark streak at about the center of
the section in the photograph, thickens very
slightly eastward out to the limit of its ex-
posure, and on the west it thins and is replaced
by coarse sand. In appearance and composi-
tion this clay is very much like the marine
clay of the region in general. The entire out-
wash apron along this part of the moraine
slopes down to and grades into the low, flat
sand and clay plains about the headwaters of
Webhannet River.

The continuation of the moraine was not
sought in a southerly direction from the end
of Merriland Ridge, because rock hills that are
very much higher, culminating in Mount Aga-
menticus, 692 feet in altitude, extend for many
miles southward and occupy a large area in
the towns of Wells, South Berwick, and York.
The westward swing of Merriland Ridge at
nearly constant level against and around the
north side of this high rock mass indicates that
during the Newington substage the ice did not
ascend these hills. A reconnaissance of the

sent a continuous smooth, even slope toward
Knights Pond. There are no well-exposed
sections in this ridge, and consequently its
form and position with respect to the pond are
the only evidence of its morainal character.
From Knights Pond to Dover, 8 miles south-
west across the valley of Salmon Falls River,
there are no known terminal moraine deposits.

MORAINAL DEPOSITS IN DOVER.

"Pine Hill Cemetery, in Dover, N. H., is on a
roundish kamelike hill 150 feet above sea level,
or 60 to 70 feet above the adjoining plains of
marine sediments. The hill extends east half
a mile to a higher rock ridge and has a sloping
southerly extension of 0.4 mile. A small
rock ledge protrudes through gravels and sand
0.1 mile southeast of the summit of the hill.
The higher central part of the nill is composed
of unsorted gravels of moderate size in a sandy
matrix. A gravel and sand pit in the cemetery,
near the eastern limit of the kame area, ex-

1 Unpublished notes filed in the U. S. Geological Survey.
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SOUTH SIDE OF RAILROAD CUT ACROSS MERRILAND RIDGE, WELLS, MAINE.
Stratified gravels, sand, and clay constitute the moraine and outwash.
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A. WEST SIDE OF INNER SLOPE OF NEWINGTON MORAINE ON BAY SIDE
ROAD IN NEWINGTON, N. H.

The flat surface in the foreground is sandy marine clay.

B. SAND PIT IN PINE HILL CEMETERY, DOVER, N. H.
Shows irregularly bounded beds and pockets of sorted sands and fine gravel.
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poses 15 feet of sandy material and has not cut
through to the bottom. Plate VIII, B, shows
a part of this section. Sand and fine gravel are
very irregularly interspersed throughout the
exposed section except at the top, which is
clayey and more evenly layered; small gravel,
in which the pebbles are less than half an inch
in size, is more abundant toward the bottom.
All the material is to some extent stratified, in
general unevenly so, and as a rule the coarser
material is the more uneven. The photograph
brings out the irregular but sharp boundaries
of the various kinds and grades of material.
This is distinctly kame structure. Upham *
refers to ‘‘the kamelike plain” of Pine Hill
Cemetery and implies a connection between it
and the sand and gravel plains north of Dover,
which, however, are now believed to be out-
wash deposits of a later stage.

About 2 miles southeast of Pine Hill is the
north end of the Dover Neck Ridge. This
ridge is 24 miles long, three-quarters of a mile
wide, and 100 feet high near its north end, half
a mile wide and 130 feet high 1 mile farther
south, and about 100 yards wide and 40 feet
high at its south end. The ridge is nearly
symmetrical except in the broadest northern
part, where the crest is nearer the west side
and the eastward extension has the form of an
outwash plain. The surface of the ridge is for
the most part smooth, although in places it is
very slightly hummocky. The material seen
on the surface and also in small openings is
gravel and sand. There are thin interstratified
seams of sand and clay covered by small grav-
els in a cut near the summit, and near by is a
small ledge of slate. On the sides are vari-
ously inclined sand beds which appear to grade
toward and are not topographically distinct
from the marine clay that fringes the ridge.
The eastward expansion at the north end is a
sandy plain that slopes toward and merges into
a flat plain of marine clay.

NEWINGTON AND PORTSMOUTH SEGMENT.

The moraine has been more carefully studied

in Newington and Portsmouth than elsewhere.
Its form and constitution in those towns are
described below.

Beginning on the shore of Little Bay east of
Fox Point, the moraine extends 1.1 miles i

1 Upham, Warren, in Hitchcock, C. H., The geology of New Hamp- l
shire, vol. 3, pt. 3, p. 153, 1878.
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across Fox Point and south along the shore,
rising abruptly to a height of 40 to 60 feet to a
narrow ridge at about 500 feet from the bay.
A recent sea cliff 25 feet in height has been cut
along part of this slope. The eastward descent
is gradual and smooth through one-eighth to
one-fourth mile to the level of the bay, or to
flat plains of marine clay approximately 20
feet above sea level. The materials making up
this ridge, as shown in cliffs on the shores and
gravel pits on the crest, are sand and abundant
well-rounded gravel, generally of moderate
size but grading from small pebbles to large
cobbles and containing also a few boulders.
However, in the north end, where the moraine
directly overlies slaty rock, many angular
fragments of that rock are mixed with the
gravels. South of the above-described section
the moraine is very much broadened, owing
to the east-southeasterly trend of its outer
(easterly) border, whereas the inner margin
continues southward for 1} miles. The prin-
cipal axis or crest of the moraine in this part
curves from a southward to a nearly eastward
trend toward Newington Town Hall. In the
part where the greatest width is nearly a mile
the height of the moraine is 60 to 80 feet and the
surface is hummocky, being composed of small
kame knobs and kettles. The material here
is gravel and sand, dominantly sandy on the
surface, and unsorted gravels and sand were
seen in one pit. From Newington Town Hall
the moraine trends east of south 1} miles along
the Greenland road to Gosling Road. Its
width is half to three-quarters of a mile, and its
top is broad and flat and stands at an elevation
of about 100 feet. The descent to the west is
fairly steep and about 20 to 30 feet high (Pl
VIII, A), but the eastward descent is less in
amount and gentle. Near the town hall a rock
ledge included in the moraine makes two small
outcrops. Elsewhere the surface is sandy and
bears a few boulders. Unassorted sands,
rounded gravels, and small boulders are ex-
posed in a bank west of the town hall.

Plate IX shows the position and outline of the
moraine from Gosling Road in Newington to
Peverly Hill in Portsmouth. The westerly
boundary of the moraine in this length is sharp
and marked by an abrupt change in slope.
In places, particularly near New Road and at
Peverly Hill, the morainal gravels present to
the west steep walls and buttress-like forms
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that could have been made only by accumula-
tion of the gravels against a retaining mold—
the ice front. In two places, however, at the
inner margin of the moraine there are flat or
nearly flat-lying sands and gravels, which
are not distinctly separated from morainal
materials on the one side and from low clay
plains on the other. Although the exact
nature and origin of these sandy flats has not
been determined, it seems probable that they
are the result either of deposition in small
bodies of water ponded between the moraine and
the ice after the ice had locally melted away
from the moraine, or else of reworking and
redeposition of the morainic materials by ma-
rine’ waters that flooded the region after the
withdrawal of the ice.

The summit of the moraine is about half a
mile wide along Gosling Road, is smoothly
level, sloping inappreciably east, and grades
into a narrow eastward-sloping outwash apron.
South of Gosling Road the moraine is both
narrower and lower and is not distinet from
outwash on the east and a flat sandy plain on
the west. Farther south, however, it rises
to a flat gravelly top 90 feet in elevation and 0.4
mile wide on New Road. Here it has a steep
west side, rising 50 feet out of a clay meadow,
and a sinuous east border marked by a low
scarp between the moraine and its outwash,
near which it is pitted by a few small kettle
holes. The flat top is continuous from New
Road southeast to Middle Road, a distance of
11 miles, in which it ranges from 1,000 to 3,000
feet in width and descends from about 90 feet
above sea level to 75 feet. The western slope
is steep but is in part mantled at its foot by a
belt of sand on very gentle slopes. The frontal
scarp is pronounced and 10 to 20 feet high
in this reach but vanishes east of Sherburne
Road. The outwash plain is continuous for
4 miles from a point north of Gosling Road
to a point a quarter of a mile northeast of
the corner of Sherburne and Middle roads.
It is an almost perfectly smooth surface, having
a very gentle eastward slope, through which
there is a gradual transition from gravel and
coarse sand to clay. There is no natural
boundary between this clay and the outwash,
and there is no other basis for the line on the
map than the limit of the wet, dead-level area
of the clay plain.
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Along Middle Road the moraine trends east-
ward and is rather lower than the parts already
described. Here its surface is composed of
irregular knolls of small size. Its limits are
sharply defined against rock, till, and clay sur-
faces on the south and a clay meadow on the
north. Portsmouth Plains is a flat expanse of
sands and gravels making the crest of the mo-
raine, which north and east of Portsmouth
Plains abuts against rock hills.

From Portsmouth Plains the moraine ex-
tends southward for about a mile to Peverly
Hill. In that distance it is comparatively low
and narrow, and north of Sagamore Creek is
made up of small knobs of sandy gravel includ-
ing a small, shallow, circular kettle. South of
the creek the moraine is a flat-topped bench of
gravel and sand about 40 feet in elevation, lying
against the rock mass of Peverly Hill. In one
place through a length. of 100 feet or more the
flat top of the plain does not quite reach the
rock, there being a small and shallow depres-
sion or ‘‘foss” between them. The flat gravel
bench extends along the northwest side of
Peverly Hill and is continued eastward in a
plain that surrounds the hill and descends by
moderate slopes northward into the Sagamore
Creek marshes and by gentle slopes eastward
to rocky hills east of Lafayette Road. The mo-
raine extends as a broad, smooth ridge of gravel
southward from Peverly Hill across Lafayette
Road to Bellyhack Swamp (Berrys Brook).

Gravel and sand pits and road cuts give the
following data on the constitution of the mo-
raine in Newington and Portsmouth:

At the junction of Sherburne and Greenland
roads, in Newington, in that part of the mo-
raine which has a high, broad, flat top, the 10
to 15 feet of material immediately next below
the summit is gravel, for the most part well
rounded but containing also many boulders
that have planed surfaces. The pebbles are
not assorted as to size, yet there is a distin-
guishable succession of layers dipping about
15° W., and of these the upper layers are more
abundantly composed of finer gravel and sand
and the lower of coarser stuff.

In the same part of the moraine, at the junc-
tion of Gosling Road and the Greenland road,
in Newington, an excavation of 3 to 4 feet in a
flat sandy plain (1, Pl IX) contains fine yel-
lowish sand with relatively few rounded peb-
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RELATION OF THE NEWINGTON MORAINE TO ROCK AND TILL AND PLEISTOCENE MARINE SEDIMENTS.
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B. COARSE MATERIAL, FAIRLY WELL ROUNDED, WITH NO SORTING OR
STRATIFICATION.

MoORAINE GRAVEL oN NEw RoaD, PorTsmouTH, N. H.
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WIGGINS GRAVEL PIT, PORTSMOUTH, N. H.
Shows undulating beds of clean, evenly stratified sand abutting against coarse, unsorted, and unstratified gravel.
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bles or boulders and some rock fragments.
No stratification is shown.

On the Sherburne road in Portsmouth, half
a mile east of the excavation last noted, there
are a pit (2, Pl. IX) and a road cut which show
approximately 15 feet, measured down from
the moraine surface, of large cobbles mixed
with small pebbles and sand, which are like the
material in excavation 1, but without apparent
stratification. One-eighth mile to the south is
a sand pit (3, PL. IX), west of the Sherburne
road, in the place where the moraine ridge is
low and not distinct from the outwash plain.
Here, the flat sandy top of the ridge shows 3
feet of yellow sand containing much dust and
fine claylike rock flour, scattered pebbles 2
inches or less in diameter, and a few cobbles
as large as 6 inches. This material is devoid of
stratification and hence is not outwash but
morainic dump.

In the cut on New Road (4, Pl. IX; see also
Pl. X), at the west edge of the flat-topped
moraine crest, there are exposed 10 to 12 feet
of boulders and coarse gravel packed in fine
gravel and sand, without clay or other ce-
menting material. The material here, as in
all but one other exposure, that near Little
Bay, is dominantly of foreign origin, being
composed chiefly of granite gneiss, pegmatites,
basaltic porphyries, and much fine-grained mi-
caceous graywacke gneiss, such as are not
indigenous to the coastal towns of New Hamp-
shire. Although there are many faceted boul-
ders and pebbles, the dominant forms are
round and subrounded, and none of them are
striated. All the materials are surficially more
or less iron-stained, giving to the bank as a
whole a light rusty-brown color, and many of
the pebbles and boulders are rotted. A small
part of the west end of this exposure (P1. X, A),
through a thickness of 3 to 4 feet at the top,
shows a faint trace of stratification parallel to
the back slope of the moraine (‘‘backset”
beds).

In the Wiggins gravel pit, near Middle and
Sherburne roads, in Portsmouth (5, Pl. IX; see
also P1. XI), there are undulating beds of inter-
stratified clean sands and fine gravels which
abut directly against unsorted coarse rusty
gravels lightly packed with sandy material but
not cemented. Weathering has produced a
black rust varnish on pebbles and boulders
and has rotted the gabbroid rocks.
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The city gravel pit on Middle Road, Ports-
mouth (6, PL. IX; see also Pl. XII, 4, p. 24)
shows stratified material consisting of gravel
and sand beds and intercalated clay seams that.
have a southerly dip and are therefore ““back-
set”” beds. The gravel consists of pebbles, for
the most part well rounded and under 6 inches
in size, but the number of larger and only
partly rounded and faceted cobbles is consid-
erable, and they show prominently because of
a lack of pebbles of intermediate sizes. The
sand and gravel are loose and friable, but the
clayey seams are stiff and project from the
face of the bank.

On Peverly Hill Road low gravel banks (7
and 8, Pl. IX) show loose gravels and sands
mostly unsorted and unstratified. A small
cut on the north side of the road exposed in
1914 a vertical section of 8 to 10 feet of well-
stratified small gravel, sand, and sandy clay,
dipping 30° W. and about parallel to the sur-
face of the moraine; the upper 3 to 4 feet was
gravel and the lower part sand. A lens of
finely laminated clayey sand lay between
gravel beds near the top of the section, and
these beds were in abrupt discordant contact
with unsorted gravels that were all strongly
iron-stained to the full depth of the exposure.
Many of the pebbles had the form of faceted
blocks whose edges and planes had been some-
what rounded. Immediately above this pit,
in the flat summit of the moraine, where it
lies against Peverly Hill, is another pit (10,
Pl IX) 8 to 10 feet deep, which shows evenly
stratified, approximately horizontal sand and
fine gravel lying on rounded glaciated ledges.

A short distance southwest of Peverly Hill,
near the inner edge of the moraine, there is a
shallow cut (12, Pl. IX), showing small
rounded gravel and sand, stratified and dip-
ping southwest, resting against glaciated
ledges. The city gravel pit on Lafayette
Road (the Boston post road) near Sagamore
Creek (11, Pl. IX) contains about 20 feet of
stratified gravels and sand.

The continuation of the moraine southward
from the part shown in Plate IX has not been
closely studied. It is, however, known south
of Berrys Brook in Portsmouth and Rye. In
Rye Center the moraine is a prominent boulder
and gravel ridge, which is narrow and has
steep sides, but it broadens and rises to the
southwest, where it abuts against a rock butte
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east of West Rye. Thence the gravel ridge
runs westward to Breakfast Hill, which is
essentially a rock ledge but is partly mantled
by the morainic materials. These materials
are exposed in cuts along Lafayette Road,
where they consist of stratified waterworn
gravel and sand having a southerly dip. The
moraine continues in a southerly direction
from Breakfast Hill as a sandy gravel ridge
with broad plainlike top extending to Hamp-
ton village.

RYE, NORTH HAMPTON, AND HAMPTON

SEGMENT.

The portion of the moraine lying in Rye,
North Hampton, and Hampton forms a flat-
topped ridge running westward from Rye
almost to Greenland depot and thence south-
ward through North Hampton and Hampton,
where it slopes southward and passes under
Hampton Marsh. The morainal deposits of
Greenland, described below, may be an out-
lying part of this segment. North and west
of this segment lie low valleys along the heads
of Berrys Brook and Taylor River, and the
moraine stands above them with a well-
defined scarp. These bounding valleys are
floored in the main with rock covered with a
thin coating of till and marine clay. Surfaces
of this character practically surround the
outlier near by in Greenland. The morainal
ridge slopes gently eastward and merges very
irregularly into the low till slopes with numer-
ous rock ledges that extend to the sea.

Most, of the ridge is more than 100 feet above
the sea, as is also the Greenland section. The
two highest points are a mile north of North
Hampton village and in Hampton village. In
outward form the morainal deposits of these
towns are nearly everywhere outwash plains,
made up of two distinet benches or terraces,
from 15 to 20 feet apart, both of which are
well seen in North Hampton and Hampton.
In most places these terraces or plains have
little visible slope, but locally they have a
decided dip. This dip is best seen about a mile
south of North Hampton village and also in
the southerly part of Hampton village, where
the plain slopes southward under the marsh.
The westward scarp is usually to be seen and
marks well the old position of the ice front.
Along or near this are numerous kettle holes, a
fine group of them appearing half a mile north
of North Hampton village. The -contrast
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between the flat-topped moraine and the val-
leys at the west is best seen in the village of
North Hampton, where the moraine forms a
westward-facing scarp of nearly 40 feet.
Hummocky moraines, till ridges, or kames
have not been found in this segment of the
moraine. In the western corner of Rye, where
the moraine turns southward, a rock hill
projects 20 or 30 feet above the plain level and
appears to have formed an anchor for the ice.
Numerous other ledges project through the
moraine, rising as high as any of its parts, a§
for instance in Hampton village. .
The two terraces or benches mentioned above
are formed by layers of hard gravel between the
sandy portions of the morainal deposit. Al-
though there are numerous minor exposures of
these beds, there are no complete sections. A
small pit at the west end of North Hampton
shows about 20 feet of gravelly sand with
waterworn pebbles. Usually the surfaces of
the plains or terraces are sandy with scattered
small pebbles, and as a rule even a small cutting
below these surfaces exposes gravel. In gen-
eral the amount of gravel appears to be some-
what greater in Hampton than it is farther
south or east. The sections observed showed
sorting and rough bedding of the materials.

MORAINAL DEPOSITS IN GREENLAND.

In Greenland, N. H., there are two areas of
morainal deposits that extend south from the
center of Greenland village along a course
marked by the highway to North Hampton
village. They are about 2 miles west of the
Newington moraine in Portsmouth and, taken
together, are in a general way parallel to it,
but they also trend toward the broad area of
morainal deposits in North Hampton, as if
they formed a protrusion from that area. The
deposit in Greenland village forms a broad,
flat-topped ridge that descends to a narrow sag
about half a mile south of the village which
separates the northern from the southern part.
The moraine rises southward rather steeply
from this sag to a narrow, flat-topped ridge
about 125 feet above sea level and 1% miles
long in a south-southwest direction. The west
side of the moraine is a short and steep slope
toward the low clay plain of Winnicut River,
but the opposite side is a broad and gentle
sandy wash slope which merges into the clay
plains on the east.
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Upham ! describes the morainal deposits in
Greenland as a “kame.” He says:

The academy in Greenland is built on a broadly rounded,
kamelike ridge of gravel, which at a short distance to the
southwest becomes a nearly level plain 40 or 50 rods wide
[Greenland Parade] but still farther to the southwest is
narrowed to a typical kame. The length of this deposit is
a half mile. Its height is nearly 100 feet above the sea.

At a schoolhouse half a mile south from the academy
we rise to a plain about 125 feet above the sea, which ex-
tends a mile to the south and southeast, descending with
a gentle slope 25 to 40 feet in that distance. This plain
forms the highest land between Winnicut River and
Berrys Brook. Its northwest portion is quite thickly
strewn with boulders, the largest of which are 5 or 6 feet
in diameter, and over nearly its whole extent these have
been sufficiently abundant for walling the fields. Four
wells, however, between the schoolhouse and the Eastern
depot [Greenland depot, on the Eastern division of the
Boston & Maine Railroad], varying from 20 to 30 feet in
depth, passed all the way through stratified gravel, sand,
and blue clay. In three of these wells the upper portion
was fine gravel or sand. One of them, a half mile south-
east, and a cistern a quarter of a mile south from the
schoolhouse, showed at the top 10 feet of very coarse but
waterworn gravel, which was underlain by clear sand.

The moraine in Greenland marks a halt of
the ice at a short distance back from the small
lobe of the Newington moraine in Rye and is
seemingly very little younger.

HAMPTON FALLS, SEABROOK, AND SALISBURY
SEGMENT.

Morainal deposits of the next segment con-
sist almost wholly of outwash sand and gravel
plains except in Hampton Falls, where a small
ridge of tillis exposed. This ridge starts in the
center of the village and runs southwest for
nearly a mile. Along its western border the
sand plains of this segment pass very irregu-
larly between a group of till-covered rock hills
and drumlins in the town of Salisbury, Mass.
In Seabrook, N. H., the moraine is bordered on
the west by the low valley of Hampton Falls
River, which is underlain mainly by till with
scattered rock ledges. Kastward the sand-
plain surfaces pass beneath the marshes of
Salisbury and Hampton, except for a small
area in South Seabrook, where till with scat-
tered rock ledges rises a little above the general
surface of the sand plain.

The sand-plain characteristics are very well
marked, especially between Salisbury and East

1 Upham, Warren, op. cit., pp. 162-163.
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Salisbury, and there are also wide stretches of
well-developed plain in Seabrook. Although
these plains are in general nearly horizontal,
there are locally strong dips—for instance, 1
mile southwest of South Seabrook, where
there is a marked dip to the southeast. In
Salisbury and East Salisbury there is a gentle
though not obvious dip which results in the
disappearance of the plain below the level of
the salt marshes. Rock outecrops are compara-
tively common in these lower portions of the
sand plains, but there seems to be no causal
relation between the position of the rock sur-
face and the plain.

The deposits of the sand and gravel plains
of this segment lie in three benches or terraces,
at the edges of which hard beds:of gravel
appear. Two of these benches are seen in
most of Seabrook and in the northern part of
Salisbury. The third bench is seen only in
northern Salisbury about a mile west and
southwest of South Seabrook. The lower two
benches are about 20 feet apart; the upper two
are about 15 feet apart and are separated by a
heavybed of fine white sand that is well exposed
near the water tower a mile southwest of South
Seabrook. The gravel is usually fine and
makes a smaller proportion of the morainal
deposits than the gravels of the Rye and
Hampton segment. The gravels appear to
rest upon marine clay along the edge of the
marsh at East Salisbury and also along the
small brook about a mile northwest of East
Salisbury.

NEWBURYPORT SEGMENT.

The next segment of the moraine runs south-
eastward from Amesbury through Newbury-
port to Parker River in Newbury. Most of
this segment is separated from the Salisbury
segment by Merrimack River and the adjacent
marshes. During the formation of this part of
the moraine, however, the sand outwash plains
probably extended northeastward into those
of the south end of the Salisbury segment.
The moraine in this segment in general takes
the form of a distinct ridge bordered by gently
sloping sand plains on the northeast. The New-
buryport ridge is for most of its length flanked
on the southwest by a low valley containing
numerous rock outcrops or rocky hummocks
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thinly covered with till. In its northwestern
part, however, the moraine abuts against a
high rocky ridge through which the Merrimack
has cut its course, thus separating about a
mile of the moraine from the main part in
Newburyport.

This segment of the moraine varies much in
height. At its northwest end it forms a group
of kames about 150 feet above the sea. These
diminish in height within a short distance and
pass southward and southeastward into a well-
developed sand plain (‘‘Grasshopper Plains’’)
about 100 feet above sea level, which fills in
the area between the rock ridge above men-
tioned and the morainic ridge.

““Grasshopper Plains”” has a broad, nearly
level surface of more than 1 square mile, which
is markedly pitted near High Street in New-
buryport by kettle holes ranging from a few
yards to 200 and 300 yards across and reaching
40 or 50 feet in depth. The smaller kettle
holes are round and regular in shape but some
of the largest are less regular and have hum-
mocky and ridged bottoms. From ‘Grass-
hopper Plains” southwestward through New-
buryport the moraine is a narrow ridge with a
definite southwestward-facing ice-contact scarp
30 to 50 feet in height. Part of this scarp, be-
tween 1 mile and 12 miles west of the railroad,
is comparatively steep and is notably ribbed,
with deep and sharp reentrants toward the
north and northeast between the ribs, resem-
bling the buttressed forms on the ice-contact
side of parts of the moraine in Newington.
Elsewhere this slope, although smoother and
less steep, is well marked for a distance of over
4 miles, to the point where the ice front turned
southwestward around the drumlins in the
village of Newbury. In that distance its
summit diminishes gradually in altitude from
80 feet above sea level at the northwest to 20
feet at the southeast. The crest of the moraine
lies along and for the most part south of High
Street in Newburyport. It is in general a
smoothly shaped ridge decreasing gradually in
height toward the southeast, but in it there are
several large kettle holes. On the northeast
side the morainic ridge is bordered by an out-
wash plain of sand which slopes eastward (in
part northeastward to the tidal basin of Merri-
mack River). Through a distance of 2 miles
between ‘‘ Grasshopper Plains” and the freight
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railroad the moraine stands above the outwash
plain and is set off from it by an abrupt frontal
scarp, which in places is 15 to 20 feet in height
and is slightly sinuous or scalloped in trend
where best developed. To the northwest and
the southeast there is less and in many places
no topographic distinction between the mo-
raine crest and the outwash. In the form of
its slopes and in its relation to low meadows on
the one side and higher, gently sloping sand
plains on the other side, the Newburyport ridge
presents features almost identical with those
of Merriland Ridge and the moraine in Bidde-
ford. The moraine in Newburyport extends,
diminishing in width and height, to the drum-
lins in Newbury and appears also on the south-
east side of these drumlins as a narrow gravel
terrace from 10 to 20 feet above sea level.

The moraine is composed entirely of sand
and gravel in this segment. The materials are
not now well exposed at any point, but a thick-
ness of about 40 feet is shown in the railroad
cuts in the city of Newburyport. Upham re-
ports that wells in Newburyport show a maxi-
mum depth of 90 feet of sand and gravel. The
materials are waterworn and appear from the
poor exposures to be stratified, with gentle
northeasterly dips. A gravel pit just north-
east of the drumlins of Newbury shows about
20 feet of sand and gravel in which the pebbles
are as much as 6 inches in diameter. The beds
are roughly stratified and approximately hori-
zontal, and they rest directly on large ledges of
bedrock. No bedrock projects through the mo-
raine except at the border of the high sand
plain in the western part of Newburyport and
also at the turn of the moraine next to the
drumlins in Newbury. At these two localities .
the bedrock hills seem to have checked the ad-
vance of the ice.

OBSERVATIONS BY UPHAM.

Upham* made the following observations on
the features herein described as the Newington
moraine and on associated deposits in New
Hampshire. It must be remembered in read-
ing these extracts that the term ‘‘kame” as
used by Upham in 1878 connoted deposits that
were supposed to have been laid down by
streams flowing between retaining walls of gla-
cial ice—that is, in crevasses or between ice

1 Op. cit., pp. 150, 155-156, 164, and 170-172.
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lobes—or between an ice wall and a valley
wall from which the ice had withdrawn.

In Newington and Portsmouth a kamelike plain of gravel
and sand is the highest land between Great Bay and the
Piscataqua River, but their shores, with the islands of
this river below Portsmouth, are almost everywhere gently
sloping hills of till or ledge.

Marine shells and other organic remains have been
found in the lower portions of this valley [Piscataqua
basin], showing that the ocean stood at a higher level
when the modified drift in which they occur was
deposited. * * *

Kames and kamelike plains about Dover and southward.—
Near the coast from Dover to Newburyport are frequently
found massive kamelike deposits, consisting of high plains
or broadly rounded ridges of gravel and sand, which often
form watersheds between wide valleys 100 to 200 feet
below. The absence in these valleys of the terraces which
mark erosion through modified drift shows that they were
never filled with the same materials and that these re-
markable plains and ridges were deposited in their present
isolated position, with wide areas of lower land at each
side. How this took place we can only explain by refer-
ring the formation of these deposits to the same causes
which produced the kames. The ice sheet still remained
unmelted upon each side at the time of their deposi-
tion, filling the valleys and wide areas of lowland, over
which this gravel and sand must otherwise have been
spread by the current of the floods on which they were
brought.

The most extensive of these plains occur * * % jp
Newington and the northwest part of Portsmouth. Broad-
ly rounded deposits of the same class occur frequently in
this district, and southward, along the seacoast, they form
the elevations on which the villages of Rye, North Hamp-
ton, and Hampton are built. A very interesting ridge of
this kind extends from northwest to southeast through
Newburyport. * * %

The last of these kamelike deposits which remains to be
described within the limits of Piscataqua basin is the ex-
tensive plain of Newington and the northwest part of
Portsmouth. Thisis 3 miles long from north to south, and
for most of this distance averages a mile in width, forming
a plateau 60 to 100 feet above Great Bay and Piscataqua
River on each side. Outcropping ledges and scattered
boulders are seen in many places upon its surface, but
numerous wells show only modified drift to depths of 30
or 40 feet, being first coarse gravel, 3 to 10 feet in thickness,
succeeded below by interstratified fine gravel and sand.
The entire western edge of this deposit is a gently sloping
escarpment, which descends 10 to 30 feet. On the north
and east it rests mainly on ledges but at one place falls
in an abrupt slope more than 50 feet. A section at its
base in the north part of Newington showed sand overlain
by gray clay, as at Dover. Southward, near the Concord
& Portsmouth Railroad, its surface is sand, obliquely strati-
fied. Between thisand the Eastern Railroad it is changed
to a broad ridge, 25 to 30 feet high, composed mostly of
pebbles 6 inches to a foot in diameter, packed as com-
pactly as possible, with no layers of sand. This gravel
is finely exposed in an excavation, from which it is teamed
2 miles for repairing streets in Portsmouth. The deposit
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terminates southeast from the Eastern Railroad in a small
plain of horizontally stratified sand. * * *

Modified drift along the seacoast.—The oldest and most
prominent deposits of modified drift near our coast are
kamelike hills, elevated plains, and broad ridges, com-
posed of gravel, sand, and clay. * * * The gentlyslop-
ing hill on which Rye village is situated, nearly 100 feet
above the sea, is mainly stratified gravel from 25 to 40 feet
in depth. It is coarse for the first 10 feet, with the largest
pebbles a foot in diameter; below, it is fine but has little
clear sand. - The character of these deposits will be seen
from the following sections of wells, 1 to 14 miles southwest
from Rye village, on the watershed south of Berrys
Brook, and about 100 feet above the sea:

1. AtJ. Philbrick’s (county map) [on the northwest side
of Washington Road, 1.05 mile west of Rye Center], said to
be the deepest well in Rye, coarse gravel, 25 feet; sandy,
gray clay, very compact, free from pebbles, 28 feet; total
depth, 53 feet. The only rock found in the clay was an
angular block weighing about 200 pounds, 40 feet below
the surface.

2. Near L. Brown’s [on the northwest side of Washington
Road, 1.15 miles west of Rye Center], coarse gravel, 8 feet;
sand, 8 inches; coarse gravel, 6 feet; very coarse gravel, 10
feet, much of it composed of rounded rocks of nearly uni-
form size, about a foot in diameter, with scarcely any earth,
so that ““one could look down among the pebbles;”” ordi-
nary gravel, with layers of sand, 20 feet, resting on ledge;
total depth, 45 feet.

3. At R. Shapley’s [about 1.4 miles S. 65° W. of Rye
Center], coarse gravel, 10 feet; fine white sand, 15 feet,
resting on till or ledge.

Several other wells in this neighborhood, 30 to 40 feet in
depth, encountered nothing but stratified gravel, sand, or
clay.

Breakfast Hill, about 150 feet above the sea, and the
plain about 50 feet lower, which extends southward to the
first railroad crossing in North Hampton, are composed of
coarse gravel and sand. Thence similar deposits, 100 to
125 feet above the sea, extend in nearly level plains south-
west to North Hampton village, forming the watershed
between Winnicut River and the ocean. They are
bounded in many places by escarpments which descend
steeply 25 to 50 feet, and a hollow, about an acre in extent
and 50 feet deep, is half filled by Knowles Pond. This
formation continues southward with nearly the same
height to Hampton village, where it terminates, falling
in gentle slopes toward the sea.

Nine miles farther south part of the city of Newburyport
is built on a broadly rounded ridge of gravel and sand,
which, like the foregoing deposits, probably had a similar
origin with the narrow and steep ridges of the kames, hav-
ing been bounded by portions of the melting ice sheet.
The series of kames noticed by Rev. Mr. Wright in New-
ton and Amesbury may be continuous southeast to the
Newburyport ridge. So far as traced, this deposit appears
first in the south part of Amesbury. It has been cut
through by Merrimack River and on its opposite side rises
to a height of about 150 feet in Moultons Hill. A quarter
of a mile farther to the southeast it is depressed to 75 feet
and shows the sharp ridges and knolls of typical kames.
From this point it extends, with a nearly uniform height
of about 100 feet, along High Street to the middle of the
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city and thence continues on the southwest side of this
street to the Upper Green. Here it is interrupted for a
little distance, beyond which it lies on the northeast side of
this street, extending to within a half mile of Old Town
Hill. It is thus at least 6 miles long. No other high
deposits of modified drift are found in this vicinity, and
wide areas of lowland lie on both sides. Excavations in
the northwest part of the city show the ridge there to be
composed mainly of waterworn gravel, with the largest
pebbles about a foot in diameter. A railroad cut, known
as Marchs Hill, 2 miles farther southeast, has only occa-
sional layers of gravel, with the largest pebbles 6 inches in
diameter, very irregularly stratified with sand, which is
here four-fifths of the whole deposit. The depth of
modified drift forming the ridge is shown by wells to be
from 50 to 90 feet.

OBSERVATIONS BY SEARS.

Sears noted the ridge in Newbury and New-
buryport and some sections in it that are not
now exposed. He regarded it as partly
moraine and partly barrier beach. The fol-
lowing quotation ! shows that his interpreta-
tion of the position of the ice front with respect
to the moraine differs from that of the present
authors:

The Merrimack River was probably a halting place of the
glacial ice in its retreat northward, for its southern shore,
from the mouth of the Parker River to Pipestave Hill,
marks typical ice contacts of morainal till and overwash
gravels capped by sand and silt. High Street, in New-
bury and Newburyport, is laid out upon the top of the
terrace formed by this ice contact, a section of which
shows it to be composed of boulder till and clay beds resting
upon the glacial bedrock * * * in varying depths.
At Grasshopper Plain it is at least 50 feet in thickness and
is covered by 20 feet of coarse gravel with 25 feet of fine
sand at the surface. * * * A gection of this terrace
across High Street extending from the river through Green
Street to the frog pond by ‘“‘the Mall” gives boulder till on
High Street at an elevation of 80 feet above tidewater.
The frog pond is the site of a small detached iceberg that
was buried in the morainal till. South of ‘“the Mall”’ the
overwash and outwash gravels have formed a series of cones
and short ridges or kames of sand and gravel extending
southeasterly into Newbury. The tracks of the Boston &
Maine Railroad cut through these gravels on the west, and
the track of the City Freight Railroad cuts through them
on the east. In 1898 this cut exhibited a good section of
the deposits some 300 yards in length. The gravels and
sands dipped to the south at an angle of 35° and were
capped by a deposit of clay having sand partings every few
inches. The greatest depth of the gravel and sand was 40
feet. North of the center of the hill there was a dip 20 feet
deep filled with clay having fine sand partings, and under
the clay, at the bottom of the dip, there was a mass of peat,
probably the site of an iceberg in the gravel before the clay
was deposited.

1 Sears, J. H., The physical geography, geology, mineralogy, and
paleontology of Essex County, Mass., pp. 296, 301, and fig. 169, p. 352,
Salem, Essex Institute, 1905.
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South of Oak Hill Cemetery there is a ‘“‘kettle hole.”
* % % Tt is a typical small ice-block hole with south-
eastern outwash sand and gravel kames, probably depos-
ited in cracks or gorges in the glacial ice which filled the
whole valley of Little River.

High Street, in Newbury, is built on sand and gravel that
cap clay and till, a typical beach barrier sloping back to
the lagoon at Four Rock Creek. The débris is washed
away from the outcropping ledges that rise above the
boulder till covering the surface. This beach barrier with
the lagoon on the shore side occupied the whole of the
Little River valley and was continuous on the southwest
around Old Town and Little Old Town hills. A gorge
between these hills, now filled with coarse waterworn
gravels on top of boulder till, was the drainage outlet tothe
southeast. In front of the gravels the outwash sands
spread out over Newbury Old Town, to the mouth of
Parker River, where steep banks and fringing lobes extend
into the salt marsh overlapping the boulder till.

OTHER ICE-FRONT DEPOSITS OF THE REGION.

In this region there are a few other ice-front
or morainic deposits which do not seem to be
related to the Newington moraine and yet are
of interest in connection with the subject of
this paper by reason of their bearing on the
interpretation of the glacial history of the
region. The most distant of these is the
moraine which lies across the south end of
Lower Bay, Sebago Lake, Maine, 18 miles north
of the Saco segment. This is a gravel ridge
trending southwest to west-southwest, rising
steeply 50 to 60 feet from the lake level, and
presenting a very gentle southward slope of
gravel and sand in which there are several
deep pits occupied by ponds. At the lake the
outwash slope has an altitude of 300 feet above
the sea and is composed of coarse sand and
gravel. About 14 miles southwest, at an
altitude of 200 feet, the outwash is very fine
sand which grades imperceptibly into marine
clay.

The moraine at Bauneg Beg Pond, 3} miles
north of North Berwick village (PL. IV, p. 12),
in the towns of North Berwick and Sanford,
Maine, is several miles west of Merriland Ridge.
It surrounds the south end of Bauneg Beg
Pond as a hummocky, “knob and kettle”
surface which grades eastward and southward
into the broad sand plain that overlies marine
clay in Wells and North Berwick.

The moraines at Bauneg Beg Pond and Sebago
Lake lie several miles back from the Newington
moraine, at the western edge of the coastal
lowland. Besides these moraines and their
outwash deposits, there are extensive sand
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A. GRAVEL PIT ON MIDDLE ROAD, PORTSMOUTH, N. H.

Shows stratified gravel, sands, and clay in the inner side of the moraine, containing here
and there larger but little-rounded cobbles.

B. GRAVELS AND SAND, PERHAPS OF KAME ORIGIN, IN SUNSET HILL, ELIOT,
MAINE.

Poorly sorted, unevenly stratified gravel.
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plains that front the highlands and valley | flat-topped ridges about 100 feet in elevation,
trains in the valleys that debouch from the composed of sand and small gravel which is in

highlands upon the coastal lowlands, as, for
example, in the valleys of Salmon Falls,
Mousam, Little Ossipee, and Saco rivers,
which seem to indicate other moraines or at
least ice-front positions correlative with the
moraine at Sebago Lake. The outwash from
these later ice halts is larger in amount and
more broadly and deeply spread over the
region. In places the later outwash covers the
Newington deposits and extends beyond them
to the present shore line.

In Eliot and Kittery, Maine, there are a num-
ber of hills (indicated by moraine symbol
on Pl IV), wholly or in part composed of
stratified drift, which lie a short distance east
(outside) of the Newington moraine. The
stratified gravels and sands of these hills are
seemingly kame or other ice-front deposits
which show no relation to one another nor to
the Newington moraine. They do not appear
to mark any definite or continued stand of the
ice front. The following have been noted,
and there are doubtless others in the region.
In Kittery there is a broad, flat-topped ridge
of gravels and sand in which the Boston &
Maine Railroad Co.s gravel pit exposes a
thickness of about 40 feet of well-sorted and
stratified materials. An area of stratified
sands and gravels lies immediately east of Bolt
Hill, a drumlin, in Eliot. At Greenacre, in
Eliot, and including Frankfort Island, in
Piscataqua River, is a narrow patch three-
quarters of a mile long of low, hummocky
knolls which are distinctly kamelike and are
composed of waterworn - gravel and sand.
Sunset Hill, in Eliot, i3 probably composed
largely of till but contains in its northern part
thick deposits of stratified sands and gravel,
perhaps of kame origin (Pl. XII, B).

These scattered kamelike or moraine-like
deposits east of the moraine indicate no pro-
longed halt in the retreat of the ice before the
front reached the Newington position.

NORTHWARD EXTENSION OF THE NEWINGTON
MORAINE.

In the town of Saco (see Pl. IV and the map
of the Portland quadrangle), from Goosefare
Brook to Stuart Brook, for 14 miles along the
Boston-Portland post road, is a line of smooth,

part water-rounded, sorted, and stratified.
These ridges rise only a few feet above the sur-
rounding plains of marine clay and sand except
where rock ledges having the same northeast
trend protrude through the gravels. These
ridges are 4 miles northeast of the Newington
moraine at Saco River and are separated from it
by a lowland consisting chiefly of clay. They
may be an extension or an equivalent of the
Newington moraine, but the observed facts
indicate rather that these ridges are to be
classed with other northeastward-elongated
hills in the Portland quadrangle, such as part
of Oak Hill, Pleasant Hill, and Sandy Hill,
which are drift-covered ledges having super-
posed mantles of stratified gravels formed by
the reworking of their till and other drift by
the sea, which at the same time deposited clay
in the low places around them. There are no
other drift deposits farther northeast in the
Portland quadrangle that can be regarded as
morainal. If there were such a northeastward
extension of the moraine it may have been
destroyed after the Newington substage by
strong streams that discharged from the Sebago
Lake or younger ice fronts through the territory
now largely covered by marine clays in Saco,
Scarboro, South Portland, and Portland. It
is more likely that any moraine deposited in
this region, where the pre-Newington bedrock
and till surface is generally low (being now in
large part below oronly slightly above sea level),
would have been buried by the later marine
deposits. Morainal material has not been ob-
served where it might be expected on rock sur-
faces that protrude above the level of the marine
clay and are in the line of general trend of the
Newington moraine. It may be inferred, there-
fore, that the Newington ice front departed from
thistrend eitherseaward by the advance of a lobe
through the Saco and Scarboro lowland or else
northward. - Southeastward lobation is not at-
tested by any known deposits of morainic mate-
rials. To the north, on the other hand, in the
northwest corner of the Portland and the north-
east corner of the Buxton quadrangles, in Gor-
ham and Buxton, there are gravel ridges and a
kamelike gravel hill (Pl. IV) which may well
be parts of the moraine. They are about 2 to 8
miles south of the moraine at Sebago Lake and
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approximately on the line between that mo-
raine and the Saco segment of the Newington
moraine, which is 12 miles farther south. On
this line also is the rock ridge north of the Saco
segment, which may be a link between moraine
segments like the rock hills between the Bidde-
ford and Kennebunkport segments. The con-
ditions thus afford a weak suggestion of con-
nection between the Newington moraine and
the moraine at Sebago Lake. The latter, how-
ever, may belong wholly or in part to a later
substage, for its gravel and sand outwash in
the main is continuous with and in part over-
lies the clay and sand plains, which can be
traced without interruption or break in their
nearly plane surface to and over the moraine
in Saco.

SOUTHWARD EXTENSION OF THE NEWINGTON
MORAINE.

The Newington moraine was not traced
southward and southwestward beyond New-
bury. Very probably correlative deposits will
be found when that region is studied.

RELATION OF THE MORAINE TO OTHER
PLEISTOCENE FORMATIONS.

ROCHES MOUTONNEES AND TILL.

All the moraine segments noted lie in part
on roche moutonnée surfaces and by inference
also on ground moraine, or till. They have
not been found to overlie stratified drift or
such marine sediments as abound in the region.
Glacially sculptured ledges lie both inside and
outside of the moraine—in fact, all the ledges in
the region have been glaciated. Till also is
found on both sides of the moraine, and there
are no perceptible differences between any of
the exposures of till seen in the region. No
till has been found in or on the typically de-
veloped moraines.

MARINE SEDIMENTS.!

Marine clay and associated sand beds, in
the main horizontally stratified and in a few
places fossiliferous, form extensive plains of
sedimentation throughout the region, both
east (outside), and also north and west (inside)
of the moraine. In a few places the clay is
sandy or contains sandy lenses and beds, and
over a large part of this region, particularly at
the north and west, the top beds are clean sand.

1 These formations, the so-called “ Leda clay’’ and overlying sands, as
developed in southwestern Maine and southeastern New Hampshire, are
the subject of another paper, to be published later.
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Some of the clay lying outside of the moraine
is contemporaneous with and stratigraphically
equivalent to the moraine. This relation is
best shown at Merriland Ridge, where, in the
railroad cut (Pl. VII and fig. 1), a bed of clay
identical with that in the broad plains of ma-
rine deposits is intercalated in the sand and
gravel beds of the moraine and outwash. At
that locality also the entire outwash plain
slopes down to and grades into a low, swampy
sand and clay plain about the headwaters of
Webhannet River. It is clear that this clay
bed records a period of quiet discharge of
glacial waters during which they carried to
and deposited on the moraine only the finest
of glacial detritus—rock flour and mud. At
other periods such materials were borne or
drifted seaward and deposited in deeper or less
disturbed waters than those at the ice front,
and there formed the plains of which the flat
in the valley of Webhannet River is one. This
particular plain probably received no appre-
ciable contributions of outwash during stages
later than the Newington substage, because it
is some distance away and cut off by rocky
uplands from the Kennebunk and Mousam
valleys on the north and the Great Works and
Salmon Falls valleys on the southwest. It was
from points farther up these valleys that the
outwash of later stages came. On that account
the marine clay deposits in the lower parts of
these valleys are more extensive and at higher
altitudes than in the coastal territory between
the drainage basins of these streams. In other
places the earlier clay deposits and some of the
sandy outwash of the Newington substage are
covered by more or less clay discharged into
the sea from more northerly and later stands of
the ice, during the time when clay was accumu-
lating behind and upon the inner slope of the
moraine. In Saco and Biddeford, along Saco
River, excavations for gravel and sand show
that the clay overlies the northwest side of the
moraine and in places covers the crest. In
most places where the marine clay borders the
inner side of the moraine the surfaces of the
two formations meet at an angle, and there is
no significant mingling of their materials, as
there is on the opposite side. Wells along the
western base of the moraine in Portsmouth
show that the clay does not pass under the
moraine but lies against it. The inference to
' be drawn from this fact is that all the deposits
of marine clay and sand lying inside the New-
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ington moraine are younger than that moraine.
Furthermore, these deposits are traceable in-
land into the broad sand plains and valley
trains shown on the map (Pl. IV), which are
evidently glacial outwash from ice that stood
some miles back of the Newington moraine.
However, all the clay in this region, from the
lowest and oldest bed to the highest and
- youngest, must, for the following reasons, be
regarded as a stratigraphic unit that was de-
posited uninterruptedly during a period per-
haps beginning before the Newington substage
but certainly continuing through and after it.
First, the clay can be traced as a continuous
deposit from points well inside of the moraine
through such breaks as are made by Saco,
Kennebunk, and Salmon Falls rivers in the
moraine ridge to areas outside of the moraine.
Second, careful scrutiny of the surface forms of
the clay deposit, ! of sections in the clay, and of
the physical character of the clay itself fail to
reveal any basis for subdivision of the clay
into younger and older deposits.

EVIDENCE THAT THE MORAINE WAS LAID DOWN
IN THE SEA.

The foregoing observations on the relation
of the Newington moraine to marine sedi-
ments indicate that the ice front stood in the
sea at the time and place of deposition of this
moraine. This conclusion is established by
the following evidence:

1. The surface of the moraine, as shown
above, is in most places fairly smooth or is
hummocky only in a small way by reason of
knolls that are low and have gentle slopes, in
contrast to the characteristically knobby kame
forms, and in large part the crest of the moraine
is broad and flat. Furthermore, although the
material of the moraine is predominantly
rounded, water-transported, and accumulated
by glaciofluvial discharge, the form is not
that of moraines accumulated subaerially but
is like that of a delta or a line of many laterally
confluent deltas, as for example in Biddeford,
Wells, Newington, North Hampton, and Sea-
brook.

2. These very nearly level and broad, flat
delta-like tops are all near the sea and are not
separated from it by any present obstructions

1 The writer’s observations offer no support for subdivision of the clay
on the basis of “distinct topographic types,” as postulated by F. G.
Clapp (Complexity of the glacial period in northeastern New England:
Geol. Soc. America Bull., vol. 18, pp. 505-556, 1907).
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as high as the moraine. Therefore, unless it is
postulated that an ice block, of which there is
no evidence, or some high land not now re-
maining separated the moraine area from the
ocean, there could have been no body of
standing water not part of the sea at the re-
quired place and altitude to determine the
form of the moraine.

3. In Merriland Ridge the interlamination
of clay with moraine and outwash material,
and the continuity there indicated of the sand
and gravel beds in the moraine with marine
clay beds in the plains to the east show that
the débris from the glacier was discharged
directly into the ocean.

4. Although the wide, level plains of marine
clay were deposited in situations open to the
disturbing influence of river, tidal, and storm
currents, the clay is characteristically uniform
in composition and texture and in the attitude
of its bedding. Therefore the clay must have
been deposited in quiet water—namely, in this
instance, water whose surface was considerably
above the levels up to which the clay plains
were built and in consequence probably deep
enough to submerge the moraine.

POSITION OF THE MORAINE WITH RESPECT TO
DIRECTION OF ICE MOVEMENT.

The general direction of ice movement in
this region was south-southeastward, as is indi-
cated by numerous striae and also by a few
drumlins. In the neighborhood of Biddeford,
Maine, the striae trend S. 10°-15° E., and
from Biddeford southwestward the easting in-
creases with seeming regularity to S. 40°+5° E.
in the neighborhood of Portsmouth, although
there are local exceptions. The ice flow was
in accord with the general southeasterly land
slope and approximately parallel to the trend
of the major drainage lines. The moraine seg-
ments in Biddeford, Kennebunkport, Wells,
South Berwick, Rye, the Hamptons, Seabrook,
and Salisbury are then approximately athwart
the general course of ice movement, and such
departures of the moraines from that trend as
are indicated by the map are accounted for by
the influence of the local topography of the
rock floor.

On the other hand, the Dover Neck, New-
ington and Portsmouth, and Newburyport seg-
ments are in part oblique to and in part even
nearly parallel to the general direction of ice
movement. The explanation of this seeming
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discordance is found in the fact that the]

moraine is predominantly the product of ac-
cumulation of the load of effluent glacial
waters and is not pushed material. It might
therefore lie at any site on the margin of the
ice which permitted the discharge of glacial
streams, regardless of the normal form of the
front with respect to the direction of ice advance.
The factor that in all probability chiefly deter-
mined the form of the ice edge in the vicinities
of Portsmouth and Newburyport was the de-
struction of the glacier by calving of bergs and
melting in the deep waters of the Piscataqua
and Merrimack estuaries. Thus ‘reentrants
were made in the ice front. Probably also
subglacial drainage in large volumes was dis-
charged at these low points and assisted in
cutting back the front.

RECESSIONAL NATURE OF THE MORAINE.

A large number of exposures of drift deposits
have been observed in the course of five sea-
sons’ field work on the general geology of
southwestern Maine and the adjacent part of
New Hampshire, particularly in the regions
of Portland, Maine, and Portsmouth, N. H.,
which have been closely examined. In none
of these exposures is there any evidence of
more than one ice advance over that region.
There is no superposition of later till on earlier
till; there are no differences in the degree of
weathering or extent of erosion of till which
could safely be ascribed to any other cause
than accident of situation or exposure; and
there are no ‘“‘interglacial” deposits. There
is, therefore, no basis for assuming that the
Newington moraine marks the termination of
an epochal advance or readvance of the ice,
nor even of a very short readvance. It can
only be concluded that this is a recessional
moraine that marks a stand of the ice front
conditioned by a balance between the rates of
ice movement and of ablation. In accord with
this conclusion is the evident lack of angular
till and of materials heaped up by glacial shove,
a fact which suggests that the ice was not mov-
ing vigorously. The regular stratification of
the washed material also indicates that the ice
front made no advance during the deposition
of the moraine. On the contrary, the great
width of parts of the moraine and the thickness
of the “backset” beds indicate slow retreat of
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the ice front during the accumulation of the
moraine.

DISCONTINUITY OF THE MORAINE.

The major intervals between the segments
of the Newington moraine which require expla-
nation are of two kinds. Those in Biddeford
and Kennebunkport and in Wells and South
Berwick are occupied by rock hills of greater
height than the moraine. These rock hills are,
in fact, links rather than gaps between the
moraine segments. They obstructed the ad-
vance of the ice and were the anchors that held
the ice and in a measure determined the posi-
tion of the Newington halt. No effort was
made to find on these hills morainal deposits
marking the position of the ice front; perhaps
careful search will disclose them. However,
the absence of push material and the prepon-
derance of stream-borne materials along other
parts of the ice border lead to the inference that
little morainic drift was piled up against or on
these hills, for they could not have been the
sites of glaciofluvial discharge. Such materials
as were dropped here from the melting ice were
perhaps too small in amount to make a notice-
able accumulation and would otherwise be
indistinguishable from ground moraine.

On the other hand, the Kennebunk, Mousam,
and Salmon Falls valleys make real breaks in
the continuity of the moraine so wide (7 and
8 miles) as to demand special consideration.
A brief search in these valleys for morainal
deposits or for evidence of either absence or
obliteration of the moraine was without con-
clusive result. On account of the deep filling
by later marine sediments there seems to be
little chance of establishing either the presence
or the absence of the moraine across these
valleys, but the manner in which the clay and
sand plains surround exposed ends of moraine
segments suggests strongly that the continu-
ations of the segments lie buried under clay
in the deeper parts of these valleys, just as
the Biddeford and Saco segments are partly
buried in the Saco Valley.

AGE OF THE MORAINE.

The age of the Newington moraine can not
be decisively stated until the general problems
of Pleistocene correlation in northern New Eng-
land have been settled. It is established that
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the Newington moraine is the youngest strictly
glacial deposit in the immediate vicinity of the
coast of New Hampshire and southwestern
Maine. The only younger deposits are the later
beds of marine clay (‘“‘Leda’) and sand which
overlie parts of the Newington moraine, and, as
has been indicated, these are sea-laid outwash
materials of a somewhat later stage during
which the ice front stood not far back from the
Newington moraine. Clapp’s statement * that
there is a till formation younger than and over-
lying marine (‘‘Leda’) clays finds no support
in any exposed sections of the clay and its
associated deposits which the authors have
been able to find. But it is not merely for
that reason that Clapp’s conclusion is held to
“be inapplicable to the coastal region here con-
sidered. The critical fact is that the surface
of the clay deposit is not glaciated but is a plain
of deposition which, except for slight or mod-
erate trenching by stream erosion, has been en-
tirely unaltered since its formation. It is not
denied that Pleistocene marine clays older than
the Newington substage may have been cov-
ered by till, but if such clays are present in
this region they are not to be seen because they
are buried. It is also granted that elsewhere
marine clays equivalent to the Newington or
later substages may have been glaciated but
not that such relations have yet been estab-
lished.
It seems reasonable and safe to assume that
when ice of the Wisconsin stage occupied Long

1Clapp, F. G., Complexity of the glacial period in northeastern New
England: Geol. Soc. America Bull., vol. 18, pp. 505-556, 1907.

Island, Marthas Vineyard, Nantucket, and the
Cape Cod Peninsula ? there must have been ice
over the coastal counties of New Hampshire
and southwestern Maine. Therefore, it must
be concluded that the Newington moraine is of
Wisconsin age, probably late Wisconsin, and,
as a corollary, that so also is the marine
(““Leda”) clay of that region.

SUMMARY.

A recessional moraine consisting of several separate seg-
ments disposed along a sinuous course lies near the At-
lantic coast and has been traced through 60 miles from
Saco, Maine, to Newbury, Mass. It is for the most part
about or less than 100 feet above sea level but rises to 180
feet in Biddeford, Maine, 150 feet in Dover, N. H., and
Newburyport, Mass., and is between 200 and 250 feet above
the sea in Wells and South Berwick, Maine. Although not
more than 40 to 100 feet higher than surrounding Pleisto-
cene formations, nevertheless it is topographically promi-
nent because it is in a region of slight relief. The moraine
rests upon and is surrounded by a floor of ice-smoothed
rock and of till. The region was submerged during the
building of the moraine, and the ice front stood in the sea.
The moraine is the result of the accumulation of glacio-
fluvial detritus discharged directly into the sea; conse-
quently in some places it is built up as broad, flat, delta-
like plains of sand and gravel. Clay (‘‘Leda clay”) was
continuously deposited in the sea, both while the moraine
was accumulating and after the ice retreated from the mo-
raine, so that the younger clay beds in some places overlie
the moraine. This clay is the fine glacial outwash. The
moraine and the marine clay probably belong to a late
Wisconsin substage of the Pleistocene epoch.

2 The correlations of moraines in these regions with the early Wisconsin
moraine of New Jersey is accepted. See Fuller, M. L., The geology of
Long Island, N. Y.: U. 8. Geol. Survey Prof. Paper 82, table opposite
p. 220, 1914.
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Crania aff. C. missouriensis.
Schizophoria aff. S. swallowi.
Productus aff. P. burlingtonensis.
Productus aff. P. arcuatus.
Productus aff. P. sampsoni.
Pustula n. sp.

Pustula sp.

Rhynchopora occiden talis.
Camarotoechiaaff.C. metallica.
Spirifer aff. S. grimesi.

Spirifer aff. S. vernonensis.
Brachythyris aff. B. suborbicularis.
Delthyris novamexicana.
Reticulariaaff. R. cooperensis.
Pseudosyrinx aff. P. gigas.
Athyris lamellosa.
Cliothyridina temeraria.
Cliothyridina aff. C. obmaxima.
Cliothyridina aff. C. incrassata?
Eumetria? tuta.

Platyceras aff. P. equilatera.
Goniatites sp.

Orthoceras? sp.

Phillipsia aff. P. peroccidens.
Proetus sp.

Griffithides? sp.

The crinoids were not as abundant in bed 8
as in bed 7. Beds 5 and 6 contain corals and
crinoids, but nothing was determined. Accord-
ing to Keyes bed 5 is Devonian,! consisting of
three members, the lowest of which carries a
typical late Devonian fauna.

In the exposure of Lake Valley limestone, 2
miles east of Hillsboro, Gordon? found beds 5
and 6 absent and beds 7 and 8 lying on fossilifer-
ous Devonian shales. The following fossils
were obtained:

Cyathaxonia? sp.

Zaphrentis sp.

Amplexus aff. A. fragilis.
Periechocrinus whitei.
Rhodocrinus wortheni var. urceolatus.
Cactocrinus multibrachiatus.
Leptaena analoga.

Cactocrinus proboscidialis.
Steganocrinus pentagonus.
Platycrinus subspinosa.
Platycrinus sp.

Physetocrinus lobatus.
Physetocrinus copei.

Fistulipora americana.
Schizophoria aff. S. swallowi.
Rhipidomella dalyana.

Leptaena analoga.

Productus aff. P. burlingtonensis.
Pustula n. sp.

Spirifer aff. S. vernonensis.
Spirifer aff. S. grimesi.

Delthyris novamexicana.
Brachythyris aff. B. suborbicularis.

1 Am. Inst. Min. Eng. Trans., vol. 39, p. 147, 1909.
2 Am. Jour. Sei., 4th ser., vol. 24, p. 61, 1907.

Spiriferina sp.

Athyris lamellosa.

Cliothyridina aff. C.
glenparkensis.

Platyceras aff. P.equi-
latera.

Platyceras sp.

Orthonychia sp.

Phillipsia aff. P. peroc-
cidens.

Proetus aff. P. logan-
ensis.

At Kingston, 9 miles
west of Hillsboro, the
following fossils were
found by Gordon:?*

Zaphrentis sp.

Amplexusaff.A.fragilis.

Platycrinus sp.

Fenestella sp.

Rhombopora sp.

Leptaena analoga.

Schizophoria aff. S.
swallowi.

Pustula n. sp.

Spirifer aff. S. vernon-

ensis.

Brachythyris aff. B.
suborbicularis.
Pseudosyrinx aff. P.
gigas.

Athyris lamellosa.
Cleiothyridina aff. C.
incrassata.
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From limestone over-
lying the Percha shale a
short distance east of
Kingston the writer col-
lected the following
forms, identified by
G. H. Girty:

Fenestella, several sp.
Polypora sp.
Rhombopora sp.
Cheilotrypa? sp.
Cystodictya  aff.
pustulosa.

C.

In another bed were
found the following:

Cladochonus sp.
Cyathaxonia arcuata?
Fenestella sp.

Polypora sp.

Rhombopora sp.
Rhipidomella? sp.
Productus aff. P. mesialis.
Delthyris? sp.

Spiriferina sp.
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The fossils collected by Lee in the canyon of
Rio Salado, on the south side of the Sierra
Ladrones, were determined by G. H. Girty,
as follows. All of them are lower Mississippian
forms:

Zaphrentis 2 sp.

Granatocrinus? sp.
Platycranus? sp.

Rhipidomella aff. R. dubia.
Spirifer aff. S. logani.
Spirifer aff. S. tenuicostatus.
Spiriferella aff. S. neglecta.
Athyris lamellosa.
Cliothyridina aff. ¢. obmaxima.
Phillipsia sp.

There are abundant fossils in the Lake Valley
limestone in the Cooks Peak region. The fol-
lowing were determined by G. H. Girty:

Rhombopora sp.

Cystodictya aff. C. pustulosa.
Paraparchites sp.

Leptaena analoga.
Rhipidomella pulchella?
Productus semireticulatus.
Productus ovatus.

Productus aff. P. burlingtonensis.
Productus aff. P. wortheni.
Brachythyris suborbicularis?
Spirifer centronatus.
Composita humilis.

From the lower division of the Fierro lime-
stone of the Silver City region Paige obtained
the following distinctive Mississippian forms
identified by G. H. Girty:

Actinocrinus copei?
Dorycrinus lineatus.
Leptaena analoga.
Rhipidomella aff. R. oweni.
Productus mesialis.

Spirifer aff. S. imbrex.
Reticularia cooperensis.

Girty > regards the Lake Valley fauna at
Silver City as closely related to that found at
Fern Glen, Mo., and at other points in that
general region.

From the Kelly limestone in the Magdalena
Range, Keyes ® reports Batocrinus subaequalis
Hall.

From the Mississippian beds in the section
east of Alamagordo, Girty * obtained the fol-
lowing species:

1 Personal communication.
2 U. 8. Geol. Survey Geol. Atlas, Silver City folio (No. 199), p. 5,1916.
8 Am, Inst. Min. Eng. Trans., vol. 39, p. 169, 1909.
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Triplophyllum sp.

Leptaena analoga.

Schuchertella aff.

S. chemungensis.

Rhipidomella diminutiva?
Schizophoria postsriatula?
Productus gallatinensis.
Productella n. sp. aff. P. pyxidata.
Shumardella? aff. S. missouriensis.
Brachythyris suborbicularis.
Ambocoelia levicula.

Reticularia cooperensis.

Proetus peroccidens.

Spirifer sp. undet.

Platyceras sp. undet.

In 1915 the writer collected from shales
about 50 feet above the Fusselman ledge on the

north side of Alamo Canyon the following forms
identified by G. H. Girty:

Zaphrentis sp.
Rhipidomella dalyana.
Schizoporia? sp. ’
Spirifer rowleyi.

Spirifer centronatus?
Delthyris novamexicana.
Composita humilis?
Cliothyridina prouti?
Cliothyridina sp.

At the same horizon in the slope near Dog
Canyon were collected the following:

Schizoblastus aff. 8. roemeri.
Dielasma sp.

Spirifer aff. S. grimesi.
Platyceras aff. P. fissurella.
Platyceras aff. P. paralius.
Platyceras aff. P. equilatera.

Lower Mississippian (Lake Valley) fossils
were collected at several localities in the San
Andres Mountains. The following forms were
identified by G. H. Girty:

San Andres Canyon, in heavy ledge above Percha shale:
Triplophyllum sp.
Schizopophoria aff. S. swallowi.
Productus aff. P. arcuatus.
Spirifer aff. S. grimesi.
Spirifer centronatus.
Brachythyris suborbicularis.
In cherty beds at top of this heavy ledge, in a canyon
3 miles south of San Andres Peak:
Triplophyllum sp.
Spirifer aff. S. pellensis.
Eumetria vera.
In the basal part of the first heavy ledge above the
Percha shale on the ridge west of the San Nicolas Spring:
Cystodectya sp.
Chonetes aff. C. logani.
Spirifer sp.
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MAGDALENA GROTUP.

The representatives of the Pennsylvanian
series have been studied in detail in many parts
of New Mexico, but the following statements
refer only to the beds associated with the older
formations in southern New Mexico and ad-
jacent parts of Texas.

Cooks Range.—About 40 feet of dark-gray:

shale lying on the white chert of the Lake Val-
ley limestone high on the slopes on the north-
west side of Cooks Peak yielded fossils that
appear to indicate the presence of a representa-
tive of the Magdalena group, the lowest sub-
division of the Pennsylvanian series in New
Mexico. Possibly it occurs elsewhere in Cooks
Range, but at all other places visited the Gym
and Lake Valley limestones are in immediate
succession. The fossils in the limy layers in
the shale include the following, all determined
by G. H. Girty:

Derbya crassa.

Chonetes mesolobus.
.Productus semireticulatus.
Pustula nebraskensis?
Marginifera muricata.
Pugnax sp.

Spirifer cameratus.
Spirifer rockymontanus.
Ambocoelia planiconvexa.
Aviculipecten, 2 sp.
Acanthopecten carbonifer.
Lima retifera.

Astartella vera.

Edmondia subtruncata.
Phillipsia scitula.

Silver City region.—As remarked on page 48,
the upper part of the Fierro limestone of the
Silver City region. as defined by Paige in the
Silver City folio, includes beds representing
more or less of the Magdalena group. The
fossils found in this upper division were deter-
mined by Girty as follows:

Fusulina secalica.
Campophyllum torquium?
Zaphrentis sp.

Chaetetes milleporaceus.
Fenestella tenax.
Stenopora sp.
Meekopora? sp.
Prismopora triangulata.
Productus cora.

P. semireticulatus.
Pustula nebraskensis.
Spirifer cameratus.

S. rockymontanus.
Squamularia perplexa.
Composita subtilita.
Cliothyridina orbicularis.
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These forms are comprised in the Magdalena
fauna in Sierra and Socorro counties.

Mimbres Mountains.—At Kingston, on the
east slope of the Mimbres Mountains, according
to Gordon,' the basal Magdalena strata consist
of about 300 feet of dark-blue and gray lime-
stone in thick beds with thin shale partings.
The upper part of the group has about the
same thickness and consists chiefly of blue and
drab shales interstratified with several beds of
limestone from 15 to 20 feet thick. Uncon-
formably overlying these beds are red sand-
stones and shales (Abo sandstone) of the Man-
zano group. At the Palomas mining camp,
20 miles north of Kingston and 2 miles east of
Hermosa, the Palomas Creek canyon has
nearly vertical walls, the lower half of lime-
stone and shale in about equal amounts and the
upper half of hard, massive gray limestone.
About halfway up the cliff a few thin beds of
quartzite are interstratified with the other
rocks. There is no evidence on which to sepa-
rate the group into Sandia formation and
Madera limestone, as in the region farther east.

Magdalena Mountains.—In the Magdalena
Mountains, according to Gordon,' the basal
member of the Magdalena group is 10 to 15
feet of moderately coarse conglomerate inter-
stratified with dark shale, whose bedding is
apparently parallel to that of the underlying
Kelly limestone. This conglomerate is over-
lain by 115 feet of limestone capped by coarse
white quartzite or conglomerate in massive
ledges separated by thin beds of shale. Next
above is a member 80 to 90 feet thick, con-
sisting mostly of limestone, in which are some
thin beds of shale and quartzite. The basal
part of this member is 6 feet of thick-bedded
drab-blue subcrystalline limestone ; next above
are 25 feet of shale and thin limestone, 2 feet
of quartzite, 50 feet of compact bluish earthy
limestone, and 410 feet of shale and conglomer-
atic sandstone or quartzite. The total thick-
ness of these beds (Sandia formation) is about
600 feet. They are overlain by 300 to 500 feet
of limestone (Madera), more or less of whose
surface has been removed by erosion.

GYM LIMESTONE.

The Manzano group is represented in central
and northern New Mexico by the Gym lime-
stone, which crops out extensively in the Flor-

1T. 8. Geol. Survey Prof. Paper 68, pp. 232, 269, 1910.
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ida Mountains, type locality,! and also in the
Victorio Mountains. In both places it lies
unconformably on formations from the El
Paso to the Fusselman, for the Percha shale and
Lake Valley and Magdalena limestones are
© absent. In Cooks Range a thin body of the
Gym limestone lieson the Lake Valleylime-
stone at most places, but on the northwest
slope of Cooks Peak these two limestones are
separated by an outlier of shale of Magdalena
age. The Gym limestone also appears exten-
sively in the Tres Hermanas Mountains, where
it is uplifted and cut by porphyry, and it also
crops out in a few small hills rising out of the
desert in the south-central part of the county.
The formation has not been recognized outside
of Luna County, although doubtless it is repre-
sented in the Manzano and Hueco sections in
other areas.
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Productus semireticulatus.
Productus occidentalis.
Productus cora.

Marginifera splendens?
Pugnax utah.

Squamularia perplexa.
Composita perplexa.
Composita subtilita.
Composita mexicana?

Nucula levatiformis.

Nucula levatiformis var. obliqua.
Manzanella elliptica.
Parallelodon politum?

Pinna peracuta.

Monopteria marian?
Plagioglypta canna?
Bellerophon crassus.
Bellerophon majusculus?
Bucanopsis modesta.
Pleurotomaria texana.
Rhynchomphalus obtusispira.
Euomphalus aff. E. pernodosus.
Chonetes playtnotus?
mf,_Oym Peak

PN
‘\Q\\%‘\\
%\\\
4 1 PANS

SE.

1 MILE

FIGURE 15.—Section across the southern part of the Florida Mountains, Luna County, N. Mex. gr, Granite; b, Bliss sandstone; e, El1 Paso
limestone; mf{, Montoya and Fusselman limestones; g, Gym limestone with dark-gray shale member (sh).

In the Florida Mountains the Gym limestone
is about 1,000 feet thick, but, as shown in
figure 15, it is greatly faulted and the upper-
most beds have been more or less deeply re-
‘moved by erosion. In Cooks Range its thick-
ness is less than 50 feet.

The formation consists almost entirely of
light-gray limestone, mostly massive and in
part brecciated. An 80-foot member of dark-
gray shale is apparently included on the south-
east slope of the Florida Mountains, but this
may be the Percha shale overlapped, or faulted
into its present position. In the Tres Her-
manas Mountains part of the Gym limestone
is metamorphosed to white marble and there is
included a member of 50 to 60 feet of gray to
reddish quartzite.

Fossils were collected at several horizons in
the Gym limestone at numerous localities.

They were determined as follows by G. H.

Girty:

Echinocrinus ornatus.
Meekella mexicana?

1 Darton, N. H., Geology and underground water of Luna County,
N. Mex.: U. 8. Geol. Survey Bull. 618, p. 35, 1916.

Orthonema socorroense?
Sphaerodoma aff. S. humilis.
Sphaerodoma aff. S. primigenia.
Bulimorpha inornata.

In the San Andres and Sacramento moun-
tains and farther north in New Mexico the sup-
posed equivalent of the Gym limestone is sepa-
rated from the Magdalena group by a thick
series of red beds (Abo sandstone), but these
beds are lacking in the southwest corner of the
State and also in the region near and east of
El Paso.

Most of the fossils in the Gym limestone are
doubtless of the Manzano group, but they do
not afford a basis for correlation with the rocks
of other regions, nor do they indicate how
much of the group is represented here. Mr.
Girty has called the writer’s attention to the
fact that Productus occidentalis is character-
istic of the limestone capping the Sacramento
Mountains at Cloudscroft, a bed which is high
in the Carboniferous. Some of the gastropods
strongly suggest the Hueco fauna, and there-
fore the formation is believed to represent part
of the Hueco limestone.
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HUECO LIMESTONE.

According to Richardson ! the Carboniferous
rocks are represented in the Franklin and
Hueco mountains by a massive gray limestone
of which 3,000 feet appears, but the total thick-
ness is greater, as more or less of the top has
been covered or removed by erosion. Thin
bedding is rare, and chert is practically absent.
The magnesia-content was found to be less than
1 per cent. Locally some beds are black; in
the Hueco Mountains most of the limestone is
light colored. The Hueco Mountains consist
mainly of this formation, and it constitutes the
northwestern flank of the Franklin Mountains.
The Hueco limestone carries an abundant fauna
regarded by Girty as of late Carboniferous age,
on account of which at least the upper part of it
has been tentatively correlated with the Kaibab
limestone of northern Arizona.

GEOLOGIC HISTORY.

The sequence of events in southern New
Mexico during the earlier part of the Paleozoic
era can be known onlyin a most general way,
for many long intervals of the time are not
represented by deposits. It is probable that
many beds were laid down that were subse-
quently removed. Doubtless some of the beds
now remaining have been thinned by erosion,
and possibly, also, they were formerly much
more extensive. Some or all of the pre-Penn-
sylvanian formations may have covered all of
New Mexico. Apparently the uplifts were

1T. 8. Geol. Survey Geol. Atlas, El Paso folio (No. 166), 1909.
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widespread and not attended by folding, for the
attitude of all the Paleozoic formations is the
same with a few slight local exceptions.

The first Paleozoic event of which there is
evidence was the deposition of sand on beaches
of granite and other old rocks in the later part
of Cambrian time. There may have been
accumulations of earlier Cambrian sediments,
but if so they were completely removed. Pos-
sibly sedimentation was continuous into early
Ordovician time, when the materials of the El
Paso limestone accumulated to a thickness of
900 feet or more. The hiatus between the El
Paso limestone and the Montoya is a long one,
representing all of the Middle Ordovician and
the early part of the Upper Ordovician. The
hiatus between the Montoya and Fusselman is
from late Richmond to probable early Niagara
time. Only a small part of later Devonian
time is represented by the Percha shale, so
during that epoch there was either long emerg-
ence of the land or extensive removal of earlier
Devonian sediments. During part of early
Carboniferous time the region was submerged
and the Lake Valley sediments were laid down,
but there is only a long hiatus to represent later
Mississippian time. Pennsylvanian and Per-
mian time is represented in the main by deposits
of the Magdalena and Manzano groups and the
Hueco and Gym limestones. The Hueco and
Gym are contemporaneous, at least in part,
with the Manzano group, which includes 500
to 1,000 feet of red beds (Abo sandstone) that
thin out to the south.
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A COMPARISON OF PALEOZOIC SECTIONS IN SOUTHERN NEW MEXICO.

By N. H. Darrox.

INTRODUCTION.

In studying the geology of different parts
of southern New Mexico the writer has ob-
tained many new data on the distribution
and relations of the sedimentary rocks. The
stratigraphy of the Pennsylvanian series was
investigated in detail, and in Luna County all

in publications by Gordon and Graton, Lee,
Herrick, and others.

It has been known for some time that in
southern New Mexico there are representa-
tives of portions of later Cambrian, Ordovi-
cian, Silurian, Devonian, earlier Mississippian,
and Pennsylvanian time, and that the lower

the formations were studied.! A recently | formations thin out to the north, so that in
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FIGURE 2.—Columnar sections showing stratigraphic relations of Paleozoic rocks in southern New Mexico.

published folio ? gives many new facts for the
stratigraphy of the Silver City region, some of
which are utilized in the present paper. Rich-
ardson’s work in the El Paso region?® estab-
lished the succession in the southeastern part
of New Mexico. There are also many details

1 Darton, N. H., Geology and underground waters of Luna County,
N. Mex.: U. 8. Geol. Survey Bull. 618, 188 pp., 13 pl., 1916.

2 Paige, Sidney, U. S. Geol. Survey Geol. Atlas, Silver City folio (No.
199), 1916.

3 Richardson, G. B., U. 8. Geol. Survey Geol. Atlas, El1 Paso folio
(No. 166), 1909.

central New Mexico the strata of the Penn-
sylvanian series lie directly on the pre-Cam-
brian crystalline rocks, as shown in Plate
XIV, B. There are also numerous irregulari-
ties in the overlap relations of the formations.
The broader features of the stratigraphy of
this region are here presented. The principal
Paleozoic formations in southern New Mexico
are shown in the columnar sections (fig. 2),
and some conditions of the distribution of the
formations are indicated on the map (P1. XIIT).
31




32
CAMBRIAN SYSTEM.

GENERAL FEATURES.

The presence of Cambrian strata in New
Mexico was announced by Gordon and Gra-
ton! in 1906, on the evidence afforded by the
discovery of Obolus stoneanus in sandstones on
the west side of the Caballos Mountains near
Shandon. In 1910 the name “Shandon quartz-
ite” 2 was given to the beds at this place,
and they were tentatively correlated with the
Bliss sandstone of the Franklin Mountains,
near El Paso, Tex., defined by Richardson ? in
1904. Sandstones and other rocks of Cambrian
age occur at many places in Arizona, where
apparently they underlie wide areas. The
name Bliss sandstone has been adopted for

e 7155
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beds comprise Lingulepis acuminata, Obolus
matinalis?, and fragments of Lingulella. Some
relations of the Bliss sandstone in the Frank-
lin Mountains are shown in figure 3.

Florida Mountains and Cooks Range.—In
Luna County the Bliss sandstone is similar in
character, thickness, and relations to the forma-
tion in its type locality. It crops out in the
Florida Mountains and Cooks Range, as well
as in several outliers, everywhere lying with
strong unconformity on granite, as shown in
Plate XVI, B (p.34), and grading upward into
the El Paso limestone. Gray to brown sand-

stone prevails; part of it is quartzitic, but the
upper beds are slabby and have intercalations
of sandy and limy shale.
tains much glauconite.

The formation con-
Its average thickness

0o

FIGURE 3.—Section across the Franklin Mountains 3 miles north of El Paso, Tex.

(After Richardson.) gr, Granite; b, Bliss sandstone;

e, El Paso limestone; m, Montoya limestone; f, Fusselman limestone.

southern New Mexico because of its priority
in the El Paso region. It replaces the name
“Shandon quartzite.”

BLISS SANDSTONE.

Franklin Mountains.—In its type locality,
at the east base of the Franklin Mountains, the
Bliss sandstone consists of small grains of
quartz embedded in a matrix of sericite and
kaolin. The basal beds are mostly quartzitic
and locally conglomeratic, and the higher beds
are softer and finer grained. The prevailing
color is brown, but some portions have lighter
tints. A thickness of 300 feet is attained in
places, but locally the formation thins out and
overlying limestones rest on the pre-Cambrian
rocks. It appears to grade upward into the
El Paso limestone. Annelid borings are abun-
dant, and a few brachiopods in the lower

1 Gordon, C. H., and Graton, L. C.; Lower Paleozoic formations in
New Mexico: Am. Jour. Sci., 4th ser., vol. 21, p. 392, 1906. See also
Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., The ore de-
posits of New Mexico: U. 8. Geol. Survey Prof. Paper 68, p. 225, 1910.

2 Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., op cit.,
p. 225.

8 Richardson, G. B., Report of a reconnaissance in trans-Pecos Texas
north of the Texas & Pacific Railway: Texas Univ. Mineral Survey
Bull. 9, p. 27, 1904.

is 150 feet, but locally it is much thinner. No
fossils were found in these areas.

Silver City region.—In the Silver City region
the Bliss sandstone consists of quartzite and
limy sandstone containing some glauconite
throughout. The thickness averages 180 feet,
but varies somewhat. At most places the
basal member is quartzite, which grades up-
ward as a rule into fine-grained greenish sand-
stone but locally into soft ferruginous sand-
stone, and here and there the greater part of
the formation is quartzite. At the top there
is generally a thin quartzite or glauconitic
sandstone, grading upward into limy sandstone
that appears to merge with the overlying El
Paso limestone. A typical section given by
Paige* is as follows:

Section of Bliss sandstone 7 miles northwest of Silver City,
N. Mez.

12

markings T it s oS SR ST s i s R a bl 47
Quartzite, coarse, slightly cross-bedded............. 16
Sandstone, limy; thin, wavy bedding; fucoids?.... 57

4 Paige, Sidney, Geol. Survey Geol. Atlas, Silver City folio (No. 199),
1916.
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4. BLISS SANDSTONE IN BENNETT CANYON, 18
MILES NORTHEAST OF LAS CRUCES, N. MEX.

B, Contact of Bliss sandstone and E| Paso limestone.

B. WEST FACE OF SANDIA MOUNTAINS AT BERNALILLO, N. MEX.
a, Sandia formation on granite, etc.
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4. VIEW LOOKING EAST OUT OF MOUTH OF HEMBRILLO CANYON.

f, Fusselman limestone; m, Montoya limestone; e, El Paso limestone; b, Bliss sandstone; gr, granite.

B. VIEW LOOKING NORTHEAST IN GOODFORTUNE CANYON.

mgr, Microgranite; mg, Iifnestone of Magdalena group; lv, Lake Valley limestone; p, Percha shale; m, Mon-
toya limestone; e, EI Paso limestone; b, Bliss limestone; gr, granite.

VIEWS ON EAST SIDE OF SAN ANDRES MOUNTAINS, WEST OF ALAMOGORDO, N. MEX.
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Feet.
Quartzite, massive, cross-bedded, ferruginous, glau-

conitic; pebbly streaks..... ... ... ............ 17
Sandstone, soft, glauconitic............... .. ... .. 13
Quartzite, massive, coarse (on granite)............ 15

178

The area of outcrop of the formation is small.
It appears along the west slope of the ridge north-
west of Silver City and on some outlying ridges
and in a small exposure at the west end of Lgne
Mountain, 6 miles southeast of Silver City.
The beds near the base yielded abundant speci-
mens of Billingsella coloradoensis, an Upper
Cambrian fossil.

Caballos Mountains.—The Bliss sandstone in
the Caballos Mountains has been described by
Gordon and Graton! and by Lee.? As ex-
plained above, the beds at this place were
called “Shandon quartzite.” They lie on a
smooth plane on granite, which is exposed to a
height of about 1,000 feet above the Rio Grande
on the west slope of the range, as shown in
figure 8 (p. 39) and Plate XVI, A (p. 34).
Gordon and Graton described a thin basal
member of dark quartzite, absent in places;
white quartzite 4 to 5 feet thick; and an upper
member, 40 feet thick, of dark-brown and green
sandy shales and thin-bedded quartzite carry-
ing Obolus. The beds recorded by Lee in a
section 3 miles north of Shandon consist of a
basal quartzite 10 feet thick, in places con-
glomeratic, grading upward into 90 feet of
dark-green shale. The shale yielded Obolus
( Westonia) stoneanus, QObolus sinoe?, Eoorthis
desmopleura, and Lingulella acutangulata?, de-
termined by C. D. Walcott and regarded as
Upper Cambrian. A similar section was ob-
served by Lee in Cerro Cuchillo, near Palomas
Spring. (See Pl. XVII, 4, p. 35.) In both
places the overlying limestone is the El Paso.
Lee states that the basal quartzite thickens to
300 feet 8 miles south of Shandon.

San Andres Mountains.—The Bliss sandstone
crops out continuously along the east slope of
the San Andres Mountains, but it becomes
very thin in the north end of the range. (See
figs. 9, p. 42, and 11, p. 45.) The formation is a
conspicuous feature in Bennett Canyon, 18

1 Am. Jour. Sci., 4th ser., vol. 21, pp. 391-392, 1906; U. S. Geol. Survey
Prof. Paper 68, pp. 225-226, 1910.

2 Lee, W. T., Notes on the lower Paleozoicrocks of central New Mexico:
Am. Jour. Sci., 4th ser., vol. 26, pp. 180-181, 1908.
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miles northeast of Las Cruces, where it is 125
feet thick and lies between granite and the El
Paso limestone. This exposure is shown in
Plate XIV, A. The Blissis 60 feet thick 2 miles
northeast of Organ, where it is cut off by igne-
ous rocks. At this locality the rocks are
sandstone, mostly hard, and many layers
contain considerable glauconite. In San An-
dres Canyon the formation comprises 110
feet of beds, consisting of a lower member of
gray quartzite, mostly massive; a medial mem-
ber of brown sandstone, partly slabby; and
an upper slabby member that apparently
merges with the base of the El Paso limestone.
In the central part of the range, at Deadman
and Hembrillo canyons, the thickness is from
30 to 40 feet. (See Pl. XV.) In Sulphur
Canyon it consists of 25 feet of brown sand-
stone, conglomeratic at the base, grading up-
ward into 30 feet of thin, slabby softer sand-
stone, in part glauconitic, which appears to
grade into slabby, finer sandstone, and this in
turn into an impure buff slabby limestone that
is certainly the El Paso. In Rhodes Canyon
the sandstone that separates the El Paso beds
from the granite is 6 feet thick, and this thin
deposit extends northward, as shown in Plates
XYV, B, and XVIII, A (p. 36).

Sacramento Mountains.—In the small ex-
posure of the base of the sedimentary rocks
just south of the mouth of Agua Chiquita Can-
yon, in the Sacramento Mountains, the El Paso
limestone is separated from a dark granite by
a few feet of hard sandstone, which is presum-
ably Bliss. It is not especially characteristic,
however, and yielded no fossils, so that the
correlation can be only tentative.

Mimbres Mountains.—According to Gor-
don,?® the limestone in the east slope of Mimbres
Mountains is separated from the granite by
quartzite, which undoubtedly represents the
Bliss sandstone. (See fig. 10, p. 44.) Expo-
sures on Carbonate Creek show 75 feet of dark-
red quartzite, which includes a 3-foot bed of
shale near the middle and rests on an irregular
surface of red granite. In most of the slopes
of these mountains the basal formations of the
sedimentary series are hidden by younger
igneous rocks, which cap the range.

3 U. 8. Geol. Survey Prof. Paper 68, pp. 268, 269, 1910,
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ORDOVICIAN SYSTEM.
GENERAL FEATURES.

Ordovician rocks were first discovered in the
Southwest by G. G. Shumard in 1856,' who
found fossils now known to be characteristic of
the Ordovician in the Franklin Range at El
Paso. Some years later the geologists of the
Wheeler Survey ? found similar fossils at sev-
eral localities, including the vicinity of Silver
City, N. Mex.

Gordon and Graton ? found other fossilifer-
ous localities in southern New Mexico in 1905.
The beds of Ordovician age which they de-
scribe are about 750 feet thick, and in 1910
these beds, together with a Silurian limestone
that overlies them in places, were designated
the “Mimbres limestone.”’* All these limestones
are well represented in the Franklin Mountains
north of El Paso, where Richardson® subdi-
vided them into the El Paso and Montoya
limestones, of Ordovician age, and the Fussel-
man limestone, of Silurian age. As these
formations are separable throughout southern
New Mexico, the name ‘“Mimbres limestone”
is no longer useful. Throughout the region
the middle part of the Ordovician and the lower
part of the Silurian appear to be absent.

The Ordovician succession in southern New
Mexico shows everywhere uniform and very
marked characteristic features. They are won-
derfully distinct at the many widely scattered
exposures examined by the writer, from the
Franklin Mountains west to Silver City, and
to the north in Cooks Range, Lake Valley, and
the San Andres, Caballos, and Sacramento
mountains. The El Paso limestone, at the base
of the section, is in most places of unmistakable
character, its conspicuous features being thin
bedding, a light color on weathering, and
brownish-buff reticulations on the bedding
planes, caused by irregular layers of an iron-
silica deposit probably due to a seaweed. This
formation is overlain by dark massive lime-
stone at the base of the Montoya; locally a thin
sandstone separates the two limestones, and

1Shumard, G. G., A partial report on the geology of western Texas,
p. 103, Austin, 1886.

2 U. 8. Geog. and Geol. Expl. W. 100th Mer. Rept., vol. 3, pp. 515-517,
1875.

8 Am. Jour. Sci., 4th ser., vol. 21, pp. 392-393, 1906.

4. S. Geol. Survey Prof. Paper 68, p. 226, 1910.

5 Richardson, G. B., U. S. Geol. Survey Geol. Atlas, E1 Paso folio
(No. 166), 1909.
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everywhere there is a sharp break. The upper
member of the Montoya invariably consists of
alternating layers of limestone and chert car-
rying abundant Richmond fossils.

EL PASO LIMESTONE.

Franklin Mountains.—The El Paso limestone
was separated from other Ordovician strata
in the Franklin Mountains north of El
Paso by Richardson.® In the type locality
the formation consists of about 1,000 feet of
gray limestone mostly massive but in part
slabby. The lower 100 feet contains some
sand and weathers brown. Where it is in con-
tact with pre-Cambrian rocks the basal mem-
ber 20 feet thick consists of round pebbles of
porphyry in a limy matrix. In the middle of
the formation occur thin connected nodules of
brown chert in streaks parallel to the bedding,
but this feature, characteristic here, was not
observed in other regions. Magnesia is a
general constituent in variable amount. The
principal outcrop is along the eastern flank of
the Franklin Mountains, where the relations
are those shown in figure 3 (p.32). Distinctive
Lower Ordovician fossils were found in the
formation at many places.

Florida Mountains.—The El Paso limestone
is extensively exposed in the south-central
part of the Florida Mountains and also on the
northwestern slope of that range a short dis-
tance southwest of Deming. (See P1. XVI, B.)
At the latter place the thickness is about 800
feet and the lower 140 feet is darker and more
massive than in other outcrops. The greater
part of the formation consists of light-gray
slabby dolomitic limestone with pale reddish-
brown blotches over the bedding planes.
There is very little chert. The upward grada-
tion from the Bliss sandstone is well marked,
and the change to the overlying Montoya lime-
stone is abrupt. The structural relations in
the southern part of the range are shown in
figure 15 (p. 54).

Cooks Range.—At the north end of Cooks
Range and in Fluorite Ridge, at its south end,
the El Paso is well exhibited. The northern
exposures show 600 feet of beds between the
Bliss sandstone and the sandstone member at
the base of the Montoya. The relations near

6 U. S. Geol. Survey Geol. Atlas, El Paso folio (No. 166), 1909.
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4. WEST FACE OF CABALLOS MOUNTAINS. NEAR APACHE CANYON, SIERRA COUNTY, N. MEX.
Looking northeast. gr, Granite; b, Bliss sandstone. '

B. PALEOZOIC ROCKS ON GRANITE AT CAPITOL DOME, FLORIDA MOUNTAINS, LUNA COUNTY,
N. MEX.

Looking northeast. ag, Agglomerate; m, Montoya limestone; e, El Paso limestone; gr, granite.
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A. SIERRA CUCHILLO WEST OF PALOMAS SPRINGS, N. MEX.
Looking northwest., Granite, Bliss sandstone, Ordovician and Pennsylvanian limestones.

B. FAULT IN LIMESTONE AT PALOMAS GAP, CABALLOS MOUNTAINS, SIERRA COUNTY, N. MEX.
Looking north.
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Cooks are shown in figure 4. In Fluorite
Ridge, 12 miles north of Deming, the beds are
so crushed and faulted that only about 400
feet of the El Paso limestone appears.

Snake Hills.—The east end of the Snake Hills,
a small range rising out of the desert a few
miles southwest of Deming, consists of El
Paso limestone showing distinctive features
and fossils. The base of the formation is not
exposed, but to the west, as shown in figure 6
(p. 37), its top passes under the Montoya
limestone with marked unconformity.

Victorio -Mountains.—The knob constituting
the northeastern member of the Vietorio
Mountains presents extensive exposures of El
Paso limestone, 600 to 700 feet thick at least,
dipping south toward a mass of Montoya lime-
stone which constitutes much of Mine Hill.
The El Paso beds present the usual slabby
character, weather to a light color, and show
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nearly the same distribution as the Bliss sand-
stone in Lone Mountain in the Silver City
Range, northwest of Silver City, and in an
area north of Bear Mountain.

Caballos  Mountains.—The El Paso lime-
stone is a prominent feature in the great
section along the west front of Caballos
Mountains, where it has the relations shown
in figure 8 (p. 39) and Plate XVI, A. The '
Bliss sandstone grades upward into the El
Paso, and above it are typical cherty beds of
the Montoya limestone. It constitutes 300 or
400 feet of the lower part of the limestone
cliffs, and the rocks present the same char-
acteristics that are seen in the  Franklin
Mountains and Luna County. However, Lee *
notes a section 8 miles south of Shandon in
which it consists of 200 feet of cherty lime-
stone, overlain unconformably by 500 feet of
cherty limestone (Montoya and later). Char-

e
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FIGURE 4.—Section across Cooks Range at Cooks, N. Mex. gr, Granite; b, Bliss sandstone; e, El Paso limestone; m, Montoya limestone;
{f, Fusselman limestone; p, Percha shale; lv, Lake Valley limestone; g, Gym limestone; 1, Lobo formation; s, Sarten sandstone (Creta-

ceous); ag, agglomerate.

abundant pale-brown reticulations on the bed-
ding planes.

Klondike Hills.—The XKlondike Hills, 12
miles south of the Victorio Mountains, consist
mainly of the El Paso and Montoya lime-
stones, the former mostly in the western part
of the ridge asshown in figure 5. At one place
the underlying Bliss sandstone is exposed.
The thickness is about 650 feet and all the
usual features are presented. At the top there
is an unconformable overlap of sandy beds at
the base of the Montoya limestone, but the
attitude of both formations is practically the
same.

Silver City region.—In the vicinity of Silver
City the El Paso limestone is mostly gray or
grayish blue and in part magnesian. It ap-
pears to grade upward from the Bliss sandstone,
the lowermost 100 feet becoming progressively
less sandy. The lower and middle parts are
slabby, and the slabs have the characteristic
mottled surface seen in other areas. In the
upper part the formation is more massive and
contains considerable chert. The total thick-
ness is about 900 feet. The formation has
76787°—17——=2

acteristic fossils were found by Lee in both
formations.

Lake Valley district.—The lower 150 feet
of the limestone in Quartzite Ridge, on the
west side of the Lake Valley mining district,
is made up of El Paso beds. On the east
these beds are overlain by 20 feet of hard
sandstone at the base of the Montoya lime-
stone, and on the west they are cut off by
igneous rocks. The relations are shown in
figure 10 (p. 44). The rocks are the highly
characteristic slabby limestone, weathering to
a light color and having most of the bedding
planes stained with brownish reticulations.

Mimbres Mountains.—Gordon and Graton 2
report an extensive section of Ordovician
rocks in the Mimbres Mountains near Kingston. -
At this place the lower division doubtless
represents the El Paso limestone, but it is
mostly a blue and white marble, and the dis-
tinctive fossils were not found. On Carbonate
Creek the basal limestone is exposed in con-
tact with sandstone of Cambrian age (Bliss).

1 Am. Jour. Sei., 4th ser., vol. 26, p. 180, 1908.
2 Idem, vol. 21, p. 392, 1906.
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San Andres Mountains.—The El Paso lime-
stone extends continuously along the east face
of the San Andres Mountains, from the igneous
contact near Organ to the north end of the
range. Its relations are shown in figures 9
(p. 42) and 11 (p. 45). (See also Pls. XV and
XVIII, B.) Its thickness is about 300 feet at
the south but gradually diminishes northward
from San Andres Canyon to 160 feet on Lost-
man Canyon, 125 feet at ' Rhodes Canyon, and
80 feet in Lava Gap. In Sulphur Canyon,
which is nearly due west of Tularosa, it is 160
feet. The limestone lies on or grades upward
from the Bliss sandstone and has characteristic
slabby structure with the slabs weathering
light gray and having surfaces mottled with
reticulations of brownish-buff markings, prob-
ably due to a seaweed. Locally the medial
beds are massive and less distinctive in appear-
ance. Fossils were found at many places.
The relations 18 miles northeast of Las Cruces

VVV
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beds are more massive than at most other
localities.

Fossils.—Fossils occur in the medial and
upper beds of the El Paso limestone at all
localities, but they are not numerous either
individually or in species. A small coiled shell,
Ophileta, is by far the most common form.
Richardson * found the fauna very meager in
the Franklin Mountains but collected Ophileta
and other gastropods, and also cephalopods
related to Piloceras and Cameroceras. Higher
beds near Deming have yielded a form re-
sembling Dalmanella pogonipensis, Stropho-
mena near S. nemea, Hormotoma sp., and
Trochonema. In the Silver City region the
fossils collected by Paige? were Calathium
anstedi, Dalmanella cf. D. wempeli, Proto-
warthia cf. P. rossi, Bucanella nana?, Lopho-
spira sp., Raphistoma trohiscum?, Eccyliopterus
sp., Maclurea cf. M. oceana, Holopea sp.,
Piloceras cf. P. wortheni, Cameroceras, and the

1000 FEET

FIGURE 5.—Section through the Klondike Hills, Luna County, N. Mex. gr, Granite; b, Bliss sandstone; e, E1 Paso limestone; m, Montoya
limestone with sandstone (s) at base; r, rhyolite.

and in Lava Gap are shown in figure 9 (p. 42).

The formation is conspicuous in Rhodes
Canyon, a few miles south of Salinas Peak
(see Pl. XVIII, B), in about latitude 33° 10/,
where it is separated from the granite by only
6 feet of sandstone, and this relation continues
to the north end of the range.

Sacramento Mountains.—The basal limestone
in the west front of the Sacramento Moun-
tains from Alamo Canyon to a point near
Grapevine Canyon is typical El Paso, show-
ing all the features distinctive in other areas,
including fossils. The relations are shown in
figures 13 (p. 50) and 14 (p. 51). The thick-
ness is 250 feet, but except in a small area near
the mouth of Agua Chiquita Canyon the basal
beds are covered by talus. In Alamo Canyon
125 feet of the El Paso is well exposed in the
cliff on the north side of the creek, capped by
thin sandstone and dark massive limestone at
the base of Montoya, as shown in Plate XIX, 4
 (p. 37). At Dog Canyon 200 feet is exposed.
The rocks are slabby limestones, weathering
to a light tint, and in part the bedding planes
show brownish-buff reticulations. The medial

usual Ophileta. In the Caballos Mountain
section Lee ? collected Ophileta cf. O. com-
planata and Hormotoma cf. H. artemesia. In
the exposure in Bennett Canyon in the San
Andres Mountains, 15 miles northeast of Las
Cruces, were obtained Polygyrata rotuliformis?
and an indeterminable cystid. In the canyon
3 miles south of San Andres Peak were col-
lected Calathium cf. C. anstedi, Polygyrata
trohiscus, and Piloceras sp. In San Andres
Canyon Calathium cf. C. anstedi was found and
this distinctive fossil was observed throughout
the exposures in the San Andres Range. From
the cliff in Alamo Canyon, in the Sacramento
Mountains, were collected Calathium cf. C.
anstedi and Dalmanella pogonipensis. '

Age and correlation.—The fossils in the El
Paso limestone are regarded by Ulrich and
Kirk as Lower Ordovician, representing late
Beekmantown time. It is possible that in
some areas strata of early Chazy age have been
included with the El Paso. On this basis the

1T, 8. Geol. Survey Geol. Atlas, El Paso folio (No. 166), p. 4, 1909.
2 Idem, Silver City folio (No. 199), p. 4, 1916.
8 Am. Jour. Sci., 4th ser., vol. 26, p. 180, 1908.
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will e A

A. LIMESTONES FROM ORDOVICIAN TO PENNSYLVANIAN ON GRANITE, SHEEP MOUNTAIN, SAN
ANDRES MOUNTAINS, SOCORRO COUNTY, N. MEX.

Looking south. lv, Lake Valley limestone; p, Percha shale; m, Montoya limestone; e, E|l Paso limestone ; gr, granite.

B. EAST FACE OF SAN ANDRES MOUNTAINS AT RHODES CANYON, SOCORRO COUNTY, N. MEX.
p, Percha shale; m, Montoya limestone; e, El Paso limestone on Bliss sandstone; gr, granite.




38

highly cherty rock at the crest of the ridge.
In the Klondike Hills (see fig. 5, p. 36) the
basal member is a dark-gray sandstone, 6 to 8
feet thick, lying on the slightly irregular sur-
~ face of the El Paso limestone. It is overlain
by 30 to 40 feet of dark massive sandy lime-
stone, capped as in other areas by a succession
including two or three thick cherty members
with limestone layers that contain many
fossils, listed on page 40.

Silver City region.—The first observers of the
Montoya limestone in southwestern New
Mexico were Howell and Gilbert,! who in
1873 collected ‘“Cincinnati” fossils from lime-
stones near Silver City and in the Santa Rita
Range.

In the Silver City area the Montoya lime-
stone shows its characteristic features and has
a thickness of about 300 feet. Its relations in
the ridge west of Silver City are shown in

NW.
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cliff yielded distinctive fossils. Between this
cherty member and the limestone containing
Pennsylvanian fossils is 500 feet of limestone
whose age was not determined. ILee? also
reports outcrops of the cherty limestone in the
Sierra Cuchillo, near Palomas Springs, west of
the Rio Grande (see Pl. XVII, 4), and in the
north slopes of Robledo Mountain, 15 miles
south of Rincon, but the fossils collected at the
latter locality appear more probably to be
Fusselman.

Lee ? reports that the cherty limestone carry-
ing distinctive Montoya fossils is exposed in the
south end of the Caballos Mountains, 8 miles
south of Shandon, but the rocks are so faulted
and crushed that it is difficult to make a sec-
tion. Below these cherty beds is limestone con-
taining El Paso fossils. In exposures along the
same line of outcrop, about 6 miles west of
Rincon, 300 feet of cherty limestone exposed at

e 1.

| MILE

FIGURE 7.—Cross section showing relations of Paleozoic rocks in the Silver City region, N. Mex. (After Paige.) gr, Granite, etec.; b, Bliss
sandstone; e, E1 Paso limestone; m, Montoya limestone; f, Fusselman limestone; p, Percha shale; fr, Fierro limestone; K and Kc, sandstone

and shales of Cretaceous age. g

figure 7. Although most of the formation is
limestone, it contains a large amount of chert,
mainly in thin beds interlaminated with the
limestone. One member of this character, 80
feet thick, begins about 40 feet above the top
of the El Paso limestone, from which it is
separated by magnesian limestone. The base
is not distinct. Above the thick chert mem-
bers are alternating thin beds of smooth
whitish limestone and massive beds of blue
limestone with cherty layers at intervals.
Fossils of the Richmond fauna are abundant,
especially in two layers, one near the base and
the other near the top of the formation.
Caballos Mountains and adjoining regions.—
In the Caballos Mountains, southwest of Engle,
the Montoya limestone is extensively exposed.
Lee ? has given many details of its features,
with a list of fossils determined by Ulrich. In
a section 3 miles north of Shandon, shown in

figure 8 and Plate XVI, A, the cherty lime-

stone near the top of the first great limestone

17T.8. Geog. and Geol. Expl. 100th Mer. Rept., vol. 3, pp. 515-517, 1875.
2 Am. Jour. Sci., 4th ser., vol. 26, pp. 181-182, 1908.

the foot of the cliffs yielded a number of
Montoya fossils. Apparently here, as else-
where, the Montoya lies directly on the El
Paso limestone, no intermediate Ordovician
rocks being present.

Lake Valley.—Lying on the El Paso lime-
stone in the west front of Quartzite Ridge, west
of Lake Valley, is 20 feet of gray hard sand-
stone, above which is 25 feet or more of cherty
and brecciated limestone that doubtless repre-
sents the Montoya. No fossils were found here.
The relations are shown in figure 10 (p. 44).
Next above is 80 feet of compact limestone that
weathers to a very light color and is similar to
beds which are tentatively included in the
Fusselman in other uplifts. Apparently it
does not contain fossils.

Mimbres Mountains.—According to Gordon
and Graton,® the Ordovician limestones out-
crop at intervals along the east slopes of the
Mimbres Mountains from the vicinity of
Kingston to' and beyond Hermosa. From
Hillsboro southward the upper siliceous beds,

3 Am. Jour. Sci., 4th ser., vol. 21, p. 392, 1906.
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including the silicified portions of the overly-
ing shale, appear at many places in irregular
reefs projecting above the surface of the ground
or as ledges capping escarpments. In the
canyon of the Rio Percha, about a mile east of
Hillsboro, the ‘“upper limestone” is overlaid
unconformably by a bed of red and white
conglomeratic quartzite 6 to 10 feet thick,
~containing nodules that are possibly phos-
phatic. This stratum is overlain by a reddish-
brown compact siliceous rock which may be
a secondary deposit. Some of the strata carry
Richmond fossils, but the limit of beds that
should be classed as Montoya is not indicated.
San Andres Mountains.—The Montoya lime-
stone is a prominent feature in the great east-
ward-facing escarpment of the San Andres
Mountains. It appears on the north side of
the igneous mass of the Organ Mountains and
extends continuously northward to the north
end of the range, where it thins out. It lies
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limestone ledge forms a high cliff of dark color
and in places makes a shelf or bench along the
mountain front, as shown in Plates XV and
XVIII, B. .

Sacramento Mountains.—The dark ledges of
Montoya limestone are a prominent feature in
the great series of limestones exposed in the
higher part of the Sacramento uplift from the
vicinity of Alamo Canyon to a point near
Grapevine Canyon. The relations are shown
in figures 14 (p. 51) and 15 (p. 54).

The two members that occur in the San
Andres and Franklin mountains and other
uplifts present characteristic features. The up-
per one, 60 feet thick, consists largely of alter-
nating thin beds of chert and limestone with
abundant Richmond fossils. The lower mem-
ber is a dark-colored very massive limestone
which crops out as a high cliff; its thickness is
75 feet at Dog Canyon and 120 feet at Alamo
Canyon. At the latter place (see Pl. XIX, A)

Vertical scale
) 4,000 FEET

F1GURE 8.—Section across the Caballos Mountains, southwest of Engle, N. Mex. gr, Granite; b, Bliss sandstone; e, EI Paso limestone; m,
Montoya limestone; f, Fusselman limestone (?); p, Percha shale (?); lv, Lake Valley limestone (?); mg, limestone of Magdalena group;

¢, Cretaceous sandstone.

on the El Paso limestone throughout this area,
and it is overlain by the Fusselman limestone
to the south, as in the Franklin Mountains, and
by the Percha shale north of the latitude of
Tularosa. The principal features of thickness,
stratigraphy, and relations to other formations
are shown in figure 11 (p. 45). Some features
are also shown in figure 9 (p. 42).

Two members are everywhere present—an
upper member of alternating thin beds of chert
and limestone, averaging about 75 feet in
thickness but thinning to 30 feet at Hays Gap;
and a lower member of very massive dark-
colored limestone, about 100 feet thick, except
north of Rhodes Canyon, where it thins grad-
ually. The lower member includes locally at
its base a sandstone that lies on the slightly
uneven surface of the El Paso beds. This bed
is 9 feet thick in the slopes 3 miles south of San
Andres Peak and 15 feet thick in San Andres
Canyon. At all places there is a sharp break
at the base of the Montoya. The Montoya

its base is gray sandstone and it is separated
from the wunderlying El Paso beds by an
abrupt change in character of material and
apparently there is a slight channeling of the
surface of the older formation.

Fossils.—The fossils found in the Montoya
limestone in the Franklin Mountains, north of
El Paso, were identified by E. O. Ulrich. The
fossils in the lower part comprised Recepta-
culites near R. oweni, Maclurina manitobensis,
and Hormotoma major (?). The fossils in the
upper part are as follows:

Streptelasma rusticum.
Hemiphragma imperfectum.
Monotryprella quadrata.
Strophomena flexuosa.
Leptaena unicostata.
Dinorthis subquadrata.
Platystrophia acutilirata.
Rhynchotrema capax.
Orthis near O. davidsoni.
Plectorthis whitfieldi.
Parastrophia divergens.
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These fossils are all of Richmond age. The
~ fossils from outcrops in Luna County, as iden-
tified by Mr. Ulrich, comprise the following:

Eurydictya cf. E. montifera.
Dinorthis subquadrata.
Plectorthis whitfieldi.
Herbertella occidentalis.
Dalmanella cf. D. meeki.
Dalmanella near D. jugosa.
Platystrophia acutilirata var.
Strophomena cf. S. subtenta.
Rafinesquina loxorhytes.
Leptaena unicostata.
Plectambonites saxea.
Rhynchonella anticostiensis.
Rhynchotrema capax
Rhynchotrema perlamellosa.
Zygospira recurvirostris.
Streptelasma rusticum.
Cyrtodonta sp.

Vanuxemia sp.

Bumastus sp.

These forms are characteristic of the Rich-
mond fauna that occurs in many parts of the
Rocky Mountain region. No fossils were
found in the basal dark massive member.

In the Caballos Mountains Lee ! collected
Rafinesquina cf. R. kingi, Plectambonites saxea,
Plectambonites 1. sp., Favosites asper, Zygospira
recurvirostris, Rhynchotrema -capax, Calapoecia
canadense, and Platystrophia dentata var.

Many fossils were collected by Paige 2 in the
Silver City area near the base and near the top
of the formation. The following were deter-
mined by E. O. Ulrich:

Streptelasma.

Columnaria alveolata var.
Columnaria vicina.
Tetradium sp. nov.

Favosites asper.

Favosites cf. F. asper.
Stromatocerium huronense.
Dicranopora cf. D. fragilis.
Plectorthis kankakeensis.
Dalmanella tersa (?).
Dinorthis sp.

Dinorthis subquadrata.
Hebertella sinuata.
Platystrophia n. sp., near P. acutilirats
Strophomena sp.
Rhynchotrema capax.
Rhynchotrema anticostiensis.
Rhynchonella neenah.
Ctenodonta cf. C. coata.
Conradella sp.

Lophospira cf. L. perangulata.
L. medialis.

1 Am. Jour. Sci., 4th ser., vol. 26, p. 181, 1908.
2. 8. Geol. Survey Geol. Atlas, Silver City folio (No. 199), p. 4, 1916,
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From the basal beds were collected Erido-
trypa mutabilis (%), Batostoma cf. B. varium,
Dalmanella testudinaria var., and Zygospira
recurvirostra var.

In the vicinity of Hillsboro Gordon ® obtained
some corals identified by Ulrich as Columnaria
alveolata, Favosites asper (late Ordovician
variety), and Stromatocerium cf. S. pustulosum,
regarded as Richmond.

In the San Andres Range fossils were col-
lected at several localities. One ledge of cherty
limestone in Sulphur Canyon yielded the fol-
lowing, determined by Edwin Kirk:

Bythopora gracilis.

Bythopora cf. B. meeki.

Bythopora striata.

Monotrypella quadrata.

Eridotrypa sp.

Dalmanella sp.

Zygospira recurvirostris (Richmond variety).
Calymene.

In the canyon 3 miles south of San Andres
Peak Dinorthis subquadrata was found, and in
Cottonwood and Rhodes canyons were col-
lected numerous specimens of Dalmanella tes-
tudinaria var.

Along the west front of the Sacramento
Mountains fossils are abundant in the cherty
layers of the upper member and many corals
are scattered through the lower massive dark
limestone. From the lower member near Dog
Canyon were obtained Halysites gracilis, Strep-
telasma sp., Receptaculites sp., and Rhyncho-
trema capax. The cherty member at this
locality yielded abundant Dalmanella cf. D.
corpulenta.

Age and correlation.—Most of the fossils col-
lected in the Montoya limestones are species
common in the Richmond of the Mississippi
Valley and indicate that the formation com-
prises two, or possibly three, representatives of
the Richmond epoch. The lowest may be
correlated with the Fernvale of the Mississippi
Valley, the lower part of the Bighorn dolomite
of Wyoming, the Whitewood limestone of the
Black Hills, and the middle of the Fremont
limestone of eastern Colorado. The upper part
of the Montoya may be correlated with some
portion of the upper Bighorn and probably
with the upper part of the Fremont and with
the Stony Mountain limestone of Manitoba.
It is not represented in the Black Hills and-
apparently not in the Mississippi Valley. The

3U. 8. Geol. Survey Prof. Paper 68, p. 227, 1910.
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Montoya is equivalent to part of the Lone
Mountain limestone of Nevada. Apparently
the formation is absent in Arizona.

SILURIAN SYSTEM.
FUSSELMAN LIMESTONE.

Franklin Mountains and eastward.—The ex-
istence of rocks of Silurian age in New Mexico
was discovered by Gordon and Graton,! who
found fossils at Silver City in 1905.! Their
presence in the Franklin Mountains north of
El Paso was announced by Richardson? in
1904, in a formation which he later designated
the Fusselman limestone.? Itisfound that this
limestone is separable in many parts of southern
New Mexico.

In its type locality the Fusselman limestone
is estimated to be about 1,000 feet thick and is
of considerable topographic prominence, cap-
ping the range for several miles and appearing
in a number of detached knobs. It also crops
out in the Hueco Mountains, 3 miles east of
El Paso. The rock is mostly a massive light-
colored magnesian limestone. Fossils are
scarce on the whole, but they abound at a few
horizons, especially a characteristic Pentamerus
that indicates upper Niagara age.

The upper limit of the Fusselman is indis-
tinet, and a thin representative of the Devonian
or Mississippian may possibly be present at the
top. In an exposure 5% miles west of south
from Hueco Tanks, 30 miles northeast of
El Paso, white limestone containing Silurian
fossils is overlain by 100 feet of thin-bedded
gray limestone in which no fossils were found.
This formation dips much more steeply than
the one below it. Overlying it with the same
steep dip are beds that carry Pennsylvanian
fossils. In the Hueco Mountains a similar thin-
bedded gray to purplish limestone that contains
some chert and weathers buff separates the beds
containing Silurian and Pennsylvanian fossils
and dips at a less angle than the Silurian. On
the northwest flank of the Franklin Mountains,
however, thin-bedded cherty limestone con-
taining Pennsylvanian fossils overlies the
Fusselman without discordance of dip. In the
Van Horn area, farther east in Texas, Silurian,
Devonian, and Mississippian representatives
are absent.

1 Am. Jour. Sci., 4th ser., vol. 2i, p. 394, 1906.
2 Texas Univ. Mineral Survey Bull. 9, p. 31, 1904,
8 Am. Jour. Sci., 4th ser., vol. 25, pp. 479-480, 1908.
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The Fusselman limestone lies on the Montoya
limestone without conspicuous unconformity;
at one locality 2 miles north of El Paso its lower
layers carry small pebbles of black limestone
similar to some that occurs in certain beds of
the Montoya.

Cooks Range.—The Fusselman limestone is
well developed in the Cooks Peak mining dis-
trict, where it is the principal rock containing
the ores of lead, silver, and zinc. It crops out
extensively along the road from Cooks to the
mountain top and along the slopes 2 miles to
the north. It is a massive gray limestone of
exceptionally hard, compact texture, but its
upper part is cavernous in places, and in the
cavities, a short distance below the Percha
shale, most of the rich ore pockets have been
found. In this region the thickness of the
formation is about 200 feet. The distinctive
Pentamerus occurs in places. The limestone
appears in the south end of the range, near the
fluorspar mines, but its relations are obscure
owing to igneous intrusions and faults.

Florida Mountains.—In places in the south-
ern half of the Florida Mountains the Fusselman
limestone is absent in the varied overlaps. The
Percha shale apparently is also absent, and the
Fusselman limestone where present is overlain
by the Gym limestone.

Victorio Mountains.—The Montoya lime-
stone in Mine Hill is overlain by the Fusselman
limestone, which constitutes the summit and
west side of the hill. The silver ore deposits
occur in this limestone, as in the Cooks Peak
district. Its thickness appears to be somewhat
more than 100 feet, but the top may be eroded.
In other ridges to the west it is cut off by faults
and also hidden by overlapping Gym limestone.

Silver City region.—In the Silver City region
the Fusselman limestone consists of 30 to 40
feet of gray limestone and dolomitic beds,
not plainly separated from the underlying
Montoya. Initsupper part there are abundant
casts of the characteristic Pentamerus.

Caballos Mountains.—Above the massive
cherty limestone with Montoya fossils in the
Caballos Mountains Lee * found 500 feet of
white to brown limestone, cherty in places,
from which no fossils were obtained. These
beds extend to the base of the limestone that
carries Pennsylvanian fossils, and doubtless
they include the Fusselman and possibly also

1 Idem, vol. 26, p. 181.
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strata of Devonian and Mississippian age. In
the slopes 8 miles south of Shandon 300 feet of
black shale, probably the Percha, is present in
the section, and very likely it is, as usual,
underlain by the Fusselman.

Robledo Mountain.—In a small exposure of
cherty limestone not far below Pennsylvanian
limestone on the northern slope of Robledo
Mountain, 5 miles south of Rincon, Lee!?
obtained Lophospira, Trochus?, Bucania?, Tro-
chonema, Eotomaria, and a pentameroid shell,
all suggestive of Silurian age and if so indicat-
ing the Fusselman limestone.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1917.

tinctive fossils were collected. The upper
member is probably the 12 feet of pink lime-
stone referred to by Gordon,> who obtained
from it some fragments of corals regarded as
Silurian by Ulrich. According to Keyes® this
limestone is dark colored and compact but
contains crevices filled with red clay which
give it a pink appearance.

Mimbres Mountains.—It appears probable
from the statements of Gordon* that the Fus-
selman limestone is present, at least in places,
in the Kingston-Hillsville region, but he re-
ports no fossils. The statement that the
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FIGURE 9.—Sectionsacrossthe San Andres Mountains, Socorro and Dona Ana counties, N. Mex. A, Section across Sheep Mountain at Lava Gap;
B, section southwest of San Nicolas Spring, in latitude 32° 35’ N.; gr, granite; b, Bliss sandstone; e, E1 Paso limestone; m, Montoya lime
stone; f, Fusselman limestone; p, Percha shale; lv, Lake Valley limestone; mg, limestone of the Magdalena group.

Lake Valley.—It was found that the lime-
stones underlying the Percha shale in the Lake
Valley area (see fig. 10, p. 44) include 200 feet
or more of the Fusselman limestone, which
contains many distinctive fossils. At the
base, overlying beds that are probably Mon-
toya, there is an 80-foot bed of massive lime-
stone which weathers to light tint, and which
yielded no fossils but is tentatively regarded
as the Fusselman, as in other regions. Next
above are 40 feet of cherty beds, somewhat
like the Moritoya in character but carrying
distinctive fossils. These beds grade upward
into 80 feet or more of massive limestone of
light color, constituting the summit of Quartz-
ite Ridge for some distance and extending
down its east slope to the Percha shale in the
valley. In cherty layers on this slope dis-

1 Am, Jour. Sci., 4th ser., vol. 26, p. 185, 1908,

“footwall lime’” at Kingston and Tierra Blanca
is similar to the ore-bearing sandstone in the
Cooks mining district is highly suggestive in
this connection.

San Andres Mountains.—The Fusselman
limestone is a conspicuous feature in the lime-
stone succession along the east front of the
San Andres Mountains from a point near Organ,
where it is cut off by igneous rocks, to a point
2 or 3 miles north of Sulphur Gap, where it
thins out. Some of its relations are shown in
figures 9 and 11. The thickness ranges from
220 feet in the southern part of the range to
120 feet in the middle part and at Sulphur Gap,
and there is rapid thinning toward its north-

27. 8. Geol. Survey Prof. Paper 68, pp. 227, 277, 1910.

8 Keyes, C. R., Genesis of the Lake Valley, New Mexico, silver deposits:
Am. Inst. Min. Eng. Trans., vol. 39, p. 146, 1909.

4 U. 8. Geol. Survey Prof. Paper 68, p. 227, 1910.
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ern termination. The formation comprises
two members—an upper bed of hard dark-
colored massive limestone, marked by a cliff
at most places, and a lower member of fine-
grained limestone, most of which weathers
nearly white. The upper member contains
distinctive fossils, but the lower one has
yielded no fossils and is arbitrarily placed in
the formation because of its distinctness from
the underlying cherty beds, which are char-
acteristic of the upper part of the Montoya.
The massive bed gives rise to a shelf at the
base of the slope of the overlying Percha
shale. Its thickness is 80 feet in the south-
ern part of the range, but it gradually thins
northward to 40 feet in Lostman Canyon, 30
feet in Hembrillo Canyon (see Pl. XV, A), and
25 feet in Sulphur Gap. The lower limestone
is 140 feet thick in the south end of the range,
but it thins somewhat north of San Andres
Peak. It is nearly 100 feet thick in Sulphur
Gap but thins out and disappears in slopes
north of the gap. In places some of its beds
are soft and earthy, as in Lostman Canyon,
but most of it is a fine-grained, compact dark-
gray rock that weathers to very light gray or
nearly white so that it is conspicuous in all
outcrops.

Sacramento  Mountains. — The Fusselman
limestone makes a prominent ledge along the
east front of the Sacramento Mountains from
Alamo Canyon to a point near Agua Chiquita
Canyon. Its disappearance to the north and
south is due to the downward pitch of the anti-
cline that brings it to the surface. (See fig. 14,
p- 51.) The thickness ranges from 105 to 130
feet ; the maximum is reached in Alamo Canyon.
(See PL. XIX, 4, p-37.) Asin the San Andres
Mountains and other uplifts, the formation com-
prises two members—an upper one, about 50
~ feet thick, of hard dark limestone carrying dis-
tinctive fossils, and a lower one of compact,
fine-grained gray limestone that weathers
nearly white, and is 60 feet thick in Dog Canyon
and 85 feet thick in Alamo Canyon. The lower
member yielded no fossils, but is arbitrarily in-
cluded in the formation because of its unlike-
ness to underlying distinctively cherty beds at
the top of the Montoya limestone. It consti-
tutes a steep light-colored slope below the dark
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cliff of limestone of the upper member of the
formation. This cliff is well shown in Plate
XIX, A.

Fossils and correlation—In general fossils
are rare in the Fusselman limestone, but at
some localities a few of the beds yield abundant
remains. The most common and character-
istic form is a Pentamerus, but many corals
oceur at some places.

The fossils found by Richardson! in the
Franklin Mountains included Amplexus, Favo-
sites, and numerous casts of Pentamerus, all
indicative of Niagara age. The same Penta-
merus is abundant in the upper beds near
Cooks and Silver City. On the south side of
Mine Hill, in the Victorio Mountains, numerous
corals were collected, including Heliolites mega-
stoma, Fawosites cf. F. venustus, Cyathophyl-
lum cf. C. radicula, Halysites catenulatus (large
and small varieties), and Syringopora sp., also
an orthoid suggesting Rhipidomella hybrida.
These were determined by E. O. Ulrich, who
regards them as probably late Niagara and
similar to a coral fauna found by Kindle in the
Laketown dolomite of northeastern Utah.

From the upper ledge of the limestone in the
San Andres Mountains 1% miles southwest of
San Nicolas Spring, or about 22 miles north-
east of Las Cruces, the writer collected the
following forms, determined by Edwin Kirk:
Pentamerus sp., Cyathophyllum sp., Heliolites
sp., and Hormotoma sp.—a distinctive Fussel-
man fauna. :

The Pentamerus was observed at many other
localities in the San Andres Mountains as far
north as Sulphur Gap and also in the east front
of the Sacramento Mountains.

Fossils were collected at three horizons in the
Fusselman limestone at Lake Valley, all from
beds above the 80-foot member that weathers to
a light color. Cherty layers not far above this
member yielded Monomerellan.sp.and Zaphren-
tis sp. In cherty layers about 100 feet higher
Monomerella was very abundant, and near the
top, about 30 feet below the base of the Percha
shale, were collected Zaphrentis sp., Amplexus
sp., and a variety of Pentamerus oblongus that
is characteristic of the upper beds in other
regions.

1U. 8. Geol. Survey Geol. Atlas, E1 Paso folio (No. 166), 1909.
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DEVONIAN SYSTEM.
PERCHA SHALE.

General relations.—Only a small part of
Devonian time is now represented in New
Mexico. The deposits consist of the Percha
shale, in which Gordon and Graton!® found
Devonian fossils in the Lake Valley and Kings-
ton regions. The formation is named from
Percha Creek, near Kingston. - It overlies the
Fusselman limestone, but in places 1t is absent
and the Fusselman is overlain by beds of Car-
boniferous age. Notwithstanding the long in-
terval between the Fusselman and Percha
epochs, the beds show no noticeable difference
in attitude, but there is an abrupt change from
massive limestone to black shale.

Lake Valley and Hillsdale region.—In the
Lake Valley mining region the Percha shale
appears in a narrow outcrop that extends for
about 3 miles along a valley just west of the
ridge of Lake Valley limestone, as shown in

Horizon
0 i A A

BOOFEET

FIGURE 10.—Section through the Lake Valley mining district, Sierra County, N. Mex.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1917.

part fine grained, with no fossils. The upper
member consists of 10 feet of bluish thin-
bedded limestone made up largely of chert in
elongated nodules and containing no fossils.
According to Keyes, “it contrasts strikingly
with the massive compact blue limestone lying
immediately above.”

In the Kingston-Hillsboro region portions of
the basal beds are altered to a fine-grained red
to black siliceous rock of a jaspery character,
somewhat brecciated and seamed with quartz.
The quartz seams are believed to have been
formed by heated siliceous water.

Cooks Range.—In Luna County the Percha
shale appears in Cooks Range and Fluorite
Ridge, where it has a thickness of 175 feet.
The rock is a uniform black shale of moderate
hardness separating into thin brittle layers.
It crops out extensively along the limestone
slopes on both sides of the range northwest of
Cooks, where it immediately overlies the ore-

ineHill E

8QOFEET

e, E1 Paso limestone; m, Montoya limestone, with

sandstone (ss) at base; f, Fusselman limestone, with white limestone (w) at base; p, Percha shale, including lower member (d) and upper
member (¢); n, nodular limestone; lv, Lake Valley limestone, including ore horizon, or “footwa ll1lime’’ (0), shale and thin limestone (s);

limestones, upper beds cherty (b), and andesite and rhyolite (a).

figure 10. It is mentioned in several pub-
lished reports regarding the relations of the
ores of the district. Two members were recog-
nized by Gordon '—an upper grayish-yellow to
blue shale 60 feet thick (¢ in fig. 10) and a
black fissile shale 100 feet thick (d in fig. 10).
Neither of these is fossiliferous at Lake Valley,
but beds near the top of the upper member
yielded an extensive fauna at Hillsboro and
Kingston. Keyes ? stated that the overlying
nodular limestone, 50 feet thick, at Lake Val-
ley is also Devonian and proposed for it the
name Barenda. He described it as consisting
of three distinct members. The lowest one is
a massive, compact gray limestone, like
lithographic stone, 10 feet thick, weathering
rusty brown and carrying a ‘‘typical late
Devonian fauna.” The medial member, 30
feet thick, is gray thin-bedded limestone, in

1 Am. Jour. Sci., 4th ser., vol. 21, p. 394, 1904.
2 Am. Inst. Min. Eng. Trans., vol. 39, p. 147, 1909.

bearing Fusselman limestone. It is absent in
the Victorio Mountains.

Florida Mountains.—In the southern part:
of the Florida Mountains there is a dark shale
which closely resembles the Percha but which
appears to be in the Gym limestone succession.
though this apparent relation may be due to
overlap or faulting.

Silver City.—The Percha shale crops out in
several small areas about Silver City, and it
also occurs in the vicinity of Georgetown and
Hanover, a few miles to the east. The maxi-
mum thickness in this area is 500 feet, but in
places the amount is much less.

Caballos Mountains.—Gordon® suggested that
the black shale in the Caballos Mountains
is the Percha, but he reported no fossils.
In places, especially to the north, the shale is
absent and the Pennsylvanian limestone lies on
the Montoya or higher limestones. According

37. 8. Geol. Survey Prof. Paper 68, p. 226, 1910,
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to Lee,! in the section 8 miles south of Shandon
300 feet of black shale intervenes between
‘““late Ordovician” cherty limestone and lime-
stones of Carboniferous age.

Franklin Mountains.—As Richardson ? found
Carboniferous and Silurian fossils very near
together in the Franklin Mountains, it appears
that the Devonian is not represented in the
succession of limestones in that range.

Sacramento Mountains.—The Devonian is
probably represented in the section exposed
along the west front of the Sacramento Moun-
tains southeast of Alamogordo, in the lower
part of the shale that lies on the Fusselman
limestones, but the fossils found were not
sufficiently well preserved to be determined
specifically.
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in blue shales near the upper part of the upper
member at Kingston and at a locality 2 miles
east of Hillshoro. The following were identi-
fied by Girty and Kindle:*

Zaphrentis sp.

Spirorbis sp.

Leptaena rhomboidalis.

Productella coloradensis var. plicatus.
Productella spinigera.

Productella hillsboroensis.
Schizophoria striatula var. australis.
Camarotoechia (Plethorhyncha) endlichi.
Camarotoechia contracta.

Eunella sp.

Athyris coloradensis.

Pugnax pugnus.

Spirifer whitneyi.

Spirifer whitneyi var. animasensis.
Spirifer notabilis:

Salinas Peak
to Hays Gap

Hembrillo
Canyon

Rhodes

Sulphur Gap ¢
anyon

Cottonwood
Canyon

m, Magdalena fossils
Iv, Lake Valley fossils

1,000 Feet,

FIGURE 11.—Columnar sections showing stratigraphic variations in lower Paleozoic rocks in the S8an Andres Mountains, Dona Ana and
Socorro counties, N. Mex.

San Andres Mountains.—Shale with Upper
Devonian fossils extends along the San Andres
Mountains from a point 2 miles northeast of
Organ, where igneous intrusions cut off the
succession, nearly to Mockingbird Gap. Its
thickness is 50 feet or more, and it crops out
in a slope between the prominent ledge of
massive limestone above and a shelf or cliff
of Fusselman or Montoya limestone below.
The basal beds are black shale, above which are
layers of slabby and nodular limestone sepa-
rated by gray shale. Possibly in places the
uppermost layers of shale are Carboniferous.
The fossils found were mostly in the medial
beds. Some of the relations are shown in
figures 9 and 11 and Plates XV (p. 33) and
XVIII (p. 36).

Fossils.—The Devonian fossils reported by
Gordon and Graton ® were found in abundance

1 Am. Jour. Sci., 4th ser., vol. 26, p. 182, 1908.
2 U. 8. Geol. Survey Geol. Atlas, El Paso folio (No. 166), p. 4, 1909.
3 Am. Jour. Sci., 4th ser., vol. 21, p. 394, 1904,

Syringospira prima.
Reticularia spinosa.
Meristella barrisi.

Fossils found by Paige in the Percha shale at
Silver City are as follows:

Schizophoria striatula var. australis.
Productella coloradensis.
Productella spinigera.

Productella laminatus.
Camarotoechia contracta?
Camarotoechia (Plethorhyncha) endlichi.
Pugnax pugnus.

Spirifer notabilis.

Spirifer whitneyi.

Reticularia spinosa.

Athyris coloradensis.

Aviculipecten n. sp.

Bellerophon sp.

Euomphalus eurekensis?

Corals and bryozoans.

The following fossils were found in the
Percha shale in 1915 a mile south of Capitol

4 See Kindle, E. M., The Devonian fauna of the Ouray limestone:
U. 8. Geol. Survey Bull. 391, 1909.
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Peak, in the northern part of the San Andres
Mountains. They were identified by Edwin
Kirk:

Tropidoleptus carinatus var.

Alveolites sp.

Spirifer n. sp.

Stropheodonta near S. arcuata Hall.

Productella hallanus.

Atrypa reticularis.

Atrypa hystrix.

Schizophoria striatula var. australis?

Diaphosostoma sp.

On the north slope of Sheep Mountain, in
Lava Gap, a mile farther south, were obtained
Zaphrentis, Atrypa reticularis, Cyrtia n. sp.,
Productella hallanus, and Stropheodonta near
8. arcuata. In Sulphur Gap, which is not far
north of the latitude of Alamagordo, the fol-
lowing forms were collected from medial beds:

Atrypa hystrix.

Atrypa reticularis.

Schizophoria striatula var. australis.
Pugnax pugnus.

Camarotoechia contracta?

Chonetes sp.

Stropheodonta n. sp.

Spirifer whitneyi var. animasensis.
Spirifer sp.

In a canyon 3 miles south of San Andres
Peak were found Rhipidomella sp., Spirifer
sp., and Chonetes sp. In Cottonwood Canyon
the shale yielded Spirifer whitneyi.

In nodular beds in the middle of the forma-
tion in San Andres Canyon were found the
following:

Zaphrentis sp.

Fenestella sp.

Productella cf. Productella coloradoensisvar. plicata.
Ambocoelia sp.

Schizophoria striatula var. australis.
Leiorhynchus? sp.

Spirifer cf. Spirifer utahensis.

Reticularia undifera var.

Phacops sp.

At the same horizon in Hembrillo Canyon
were obtained Fenestella, Atrypa reticularis,
Pugnax pugnus, Cyrtia sp., Stropheodonta near
8. arcuata, Gypidula sp., and Productella sp.

A few fragmentary fossils were collected from
black shale a few feet above the Fusselman
ledge near Dog Canyon, in the west front of
the Sacramento Mountains, but they could not
be determined. Mr. Kirk recognized one of
the brachiopods as Meristelle or some closely
allied genvs, almost certainly Devonian.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1917.

Age and correlation.—The fossils from the
Percha shale are regarded by Mr. Kirk as in-
dicating that the formation is late Devonian,
equivalent to the lower part of the Ouray
limestone and the upper part of the Martin
limestone (Upper Devonian) of the Bisbee
region, Ariz., and the upper 2,000 feet of
Nevada limestone of the Eureka district,
Nev. As the lower beds of the Percha shale
in the type locality have not yielded fossils,
the formation may represent a somewhat
greater range than is indicated by the collec-
tions recorded. The beds in the San Andres
Mountains appear to carry a smaller number
of the typical lower Ouray forms than are
present in Lake Valley, and more of the forms
characteristic of the Martin limestone and
Nevada limestone. However, all the New
Mexico collections are too fragmentary to per-
mit precise correlation.

CARBONIFEROUS SYSTEM.
GENERAL FEATURES.

In southern New Mexico rocks of Carbon-
iferous age comprise representatives of the
earlier part of Mississippian and of a large
part of Pennsylvanian and Permian time, the
later Mississippian being unrepresented there,
as in most other portions of the West. In the
Lake Valley region and to the south the for-
mation of lower Mississippian age is the Lake
Valley limestone, which appears in most of
the uplifts between latitudes 32° 20" and 34°.
The rocks of supposed Mississippian age in the
Magdalena region are known as the Kelly
limestone. The beds of the Pennsylvanian
and Permian series occur throughout the area
and in the adjoining States. They comprise
a great thickness of limestone, which to the
northeast is accompanied by the red sandstone
and shale of the Abo sandstone and many
thick deposits of gypsum.

In Luna County the formations of the Penn-
sylvanian and Mississippian series are separated
by a hiatus of considerable amount, and there
is an overlap of the higher limestone toward
the south. Thus, in the Florida, Victorio,
and Franklin mountains the later Carbonifer-
ous rocks lie directly on the Silurian limestone,
and the Mississippian and earlier Pen isylvanian
(Magdalena group) appear to be absent. The
Manzano group, or later Carboniferous, is
represented by a thick limestone formation,
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the Gym limestone. A still younger forma-
tion, separated as the Lobo and tentatively
assigned to the Triassic, may possibly represent
the upper part of the Manzano.

A comparison of the Carboniferous rocks of
southern New Mexico with those of Arizona
shows close similarity. The Lake Valley lime-
stone has the same fauna as the Modoc lime-
stone at Clifton,! 180 feet thick, and the Esca-
brosa limestone of the Bisbee region,? 700 feet
thick. The Magdalena group is represented in
whole or part by the Tule Spring limestone of
Clifton, 500 feet thick, and by part of the Naco
limestone of the Bisbee region. The Naco,
which is 3,000 feet or more thick, appears to
include in its upper part a thick representative
of the Hueco limestone of western Texas.
Farther west and north in Arizona, especially
in the Grand Canyon region, the Redwall lime-
stone, 1,000 feet or more thick, comprises rep-
resentatives of both the Pennsylvanian and the
earlier Mississippian, the Pennsylvanian beds
being equivalent to the Magdalena group. The
overlying red beds of the Supai formation,
1,200 feet thick, probably correspond to the
Abo sandstone (red sandstone), 700 to 1,000
feet thick, at the base of the Manzano group.
The overlying Coconino sandstone and Kaibab
limestone, the latter in places containing gyp-
sum deposits, are probably equivalent to the
great succession of sandstone, gypsum, and
limestone that constitute the upper part of the
Manzano group in New Mexico. G. H. Girty
regards the fauna of the upper limestone of the
Manzano group as closely similar to that of the
Kaibab limestone. Representatives of the
Supai and Abo red beds are lacking to the
south, notably in southern New Mexico, in
southwestern Texas, and in the Naco limestone
succession of the Bisbee region.

LOWER MISSISSIPPIAN LIMESTONES.

Lake Valley region.—The Lake Valley lime-
stone received its name from the Lake Valley
mining district, where it crops out in an area
about 3 miles long and half a mile wide. In
that district it consists of about 200 feet of

1Lindgren, Waldemar, U. S. Geol. Survey Geol. Atlas, Clifton folio
(No. 129), 1905.

2 Ransome, F. L., U. 8. Geol. Survey Geol. Atlas, Bisbee folio(No.112),
1904.
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limestone underlain by the Percha shale and
at the top eroded and in part overlain by Ter-
tiary igneous rocks. (See fig. 10, p. 44.) Dis-
tinctive lower Carboniferous (Mississippian)
fossils were found in these limestones by Cope?®
in 1881 and by others at intervals later, notably
by Springer,* who published a detailed list of
many forms, including an extensive crinoid
fauna closely similar to the lower Burlington
of Jowa. The section given by Springer is as
follows:

Section of Lake Valley limestone at Lake Valley mining

camp, N. Mezx.
Feet.

9. Cherty limestone, with irregular flinty masses, in

places light colored and full of crinoids......... 30
8. Limestone, heavy bedded, pink to drab; marly

partings; many crinoids, corals, and other fossils.. 40
7. Limestone, thin bedded, bluish, mostly shaly;

many crinoids, corals, bryozoans, and other fos-

BI85 1« Wi dodukie b b vamsainah s 5 5 s domeRb e 20
6. Limestone, hard, granular, sandy, pinkish to blu-

311 O S WO, I Y RS | O o e L 6
5. Shale, light yellow, with flinty nodules.......... 15
4. Limestone, irony, coarse, irregularly bedded, wit

marly partings; corals and crinoid fragments.... 30
3. Sandstones, dark brown, heavy bedded and hard be-

Jow, haly abOVE.. . - oo dliteae fn o o gt hitionioaind s 12
2. Shale, light yellowish, with irregular flinty masses;

00 FORRIIEY o b il oL & sitiniimnin S5 s wspraede b2 8

1. Slope covered by débris.

Beds 7 and 8 yielded most of the fossils.
The beds below No. 7 Springer referred to the
Kinderhook group. No fossils were reported
from bed 3. A section given by Gordon,® who
visited the locality in 1905 is as follows:

Section of Lake Valley limestone at Lake Valley, N. Mezx.

9. Capping of andesite.

8. Limestone, coarse, subcrystalline, yellowish white;
moderately thick beds, some cherty; many cri-
noids and other fossils; top eroded..............

7. Shale, blue; includes thin bluish limestone beds;
many fossils but fewer crinoids than No. 8...... 75

6. Limestone, grayish blue, hard, more or less silice-
ous, called ‘“‘blue limestone” in the mines. Lo-
cal breccia of flint at top. At base 5-foot bed of
coarse crystalline yellowish-white limestone.... 25

5. Limestone, compact, grayish, filled with nodular
chert; partings mostly thick......_............

Percha shale.

Feet.,

60

3Cope, E. D., Geology of the Lake Valley mining district: Am. Natu-
ralist, vol. 15, pp. 831-832, 1881.

4 Springer, Frank, on the occurrence of the Lower Burlington limestone
in New Mexieo: Am. Jour. Sci., 3d ser., vol. 27, pp. 97-103, 1884.

5 Gordon, C. H., Mississippian formations in the Rio Grande valley,
N. Mex.: Am., Jour. Sci., 4th ser., vol. 24, pp. 58-64, 1907.
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No. 5 (n, fig. 10) is the nodular limestone of
Clark,* who described the region in considerable
detail. Keyes,> however, placed this member
in the Devonian and called it the Barenda
limestone.

Cooks Range.—In Luna County the Lake
Valley limestone occurs only in Cooks Range,
where its thickness is between 600 and 700
feet. It consists mainly of light-gray, massive
to slabby limestone, with several intercalated
members of shale, partly limy. The limestone
members crop out mostly as cliffs 80 to 100 feet
high, separated by shaly slopes. The basal
member consists of 150 feet of bluish-gray lime-
stone, with some chert in its lower part. The
upper member contains some thick bodies of
white chert and cherty limestone. A small
body of Lake Valley limestone lies on the Percha
shale in Fluorite Ridge, at the south end of
Cooks Range, near Cooks Peak. It is cut by

W.
Mimbres Mts
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some beds, and the lower ones yield many Mis-
sissippian forms.

Mimbres Mountains.—Gordon * states that
the Lake Valley limestone crops out at many
points along the east side of the Mimbres Moun-
tains, and he gives the section reproduced here
as figure 12, showing its relations in that re-
gion. At Kingston the formation consists of
thick-bedded blue limestones with nodular
cherty beds and shaly thin-bedded limestone,
100 to 125 feet in all. Many distinctive fossils
oceur in it. :

Caballos  Mountains.—It is not unlikely
that some Lake Valley limestone is included in
the great section on the west front of the Ca-
ballos Mountains, but no data are available on
this point.

Magdalena  Mountains.—The XKelly lime-
stone, or so-called ““Graphic Kelly” limestone,
the ore-bearing formation in the silver-lead

! 2 MILES

FIGURE 12.—Section from the Mimbres Mountains eastward through Kingston and Hillsboro, N. Mex. (After Gordon.) gr, Granite; b, Bliss
sandstone; e-f, Mimbres limestone [El Paso, Montoya, and Fusselman]; p, Percha shale; lv, Lake Valley limestone; mg, Magdalena group;
m, Manzano group; pg, Palomas gravel; bs, basalt sheet; a, andesite; ry, rhyolite; d, dike.

the great porphyry intrusion and interrupted
by several faults. Fossils are abundant in the
limestone in this locality.

Silver City region.—In the Silver City region
the two divisions of the Carboniferous are
grouped together by Paige ® as the Fierro lime-
stone. The rocks are limestones, ranging in
color from light gray to dark blue or purplish.
West of Silver City the upper half is chiefly
light gray or light blue and the lower part
darker blue. All but the upper 100 feet is
cherty, and near the base there is somered chert.
Some thin, more or less shaly beds are included.
The Fierro limestone varies in thickness be-
cause of the unconformity at its top, and doubt-
less also between its two divisions, but the
maximum thickness is about 800 feet. It is
widely distributed, constituting much of the
range northwest of Silver City, part of Lone
Mountain, and areas near Fort Bayard and
north of Santa Rita. Fossils'are abundant in

1Clark, Ellis, The silver mines of Lake Valley, N. Mex.: Am. Inst.
Min. Eng. Trans.; vol. 24, pp. 138-169, pl., 1884,

2 Am, Inst. Min. Eng. Trans., vol. 39, p. 147, 1909.

38U, S. Geol. Survey Geol. Atlas, Silver City folio (No. 199), p. 5, 1916.

mines at Kelly, is supposed to be of Mississip-
pian age, Herrick and Keyes ¢ having reported
that crinoids were found in it. This limestone
is white and crystalline, and occursin thickbeds,
about 125 feet in all, lying on pre-Cambrian
schist and granite. (See Pl. XIX, B.) Near
the middle is a 5-foot layer of dark-blue non-
crystalline rock, weathering yellowish drab,
which the miners call ““Silver Pipe limestone.”

Keyes ¢ gives the following section of the
limestones in the Magdalena Mountains, includ-
ing the Kelly limestone, in which Mississip-
pian crinoids were obtained:

Section of limestone in Magdalena Mountains.

Fe
Limestone, blue, heavy bedded, with thick shale

PREGLEET. 2 2 o N e e 300
Shale, sandy, greenish. i ol fo o lill dodssian 200
Sandstone, greenish, micaceous, soft. ............. 50
Sandstone, quartzite, pebbly (base of Magdalena

oanivi 1) SURn S R R L (s T SRR R LR SR 60

4 U. 8. Geol. Survey Prof. Paper 68, p. 229, 1910.

s Herrick, C. L., Laws of formation of New Mexico mountain ranges:
Am. Geologist, vol. 33, p. 310, 1904.

6 Keyes, C. R., Northward extension of the Lake Valley limestone:
Towa Acad. Sci. Proc., vol. 12, pp. 169-171, 1904.



COMPARISON OF PALEOZOIC SECTIONS IN SOUTHERN NEW MEXICO.

Shale, dark, siliceous (Mississippian)
Limestone, gray, crinoidal (Mississippian)......... 45
Limestone, heavy bedded, crinoidal (‘‘upper vein”) 30
Limestone, blue, impure,- fine grained, siliceous

(! Bilver Pipelime? ).l .. iciues vonswnmoslon an s upe 8
Limestone, gray, subcrystalline (contact vein). .. .. .60
On schists, granite, greenstone, etc.

San Andres Mountains.—The Lake Valley
limestone occurs in an area of considerable
extent in the San Andres Mountains, but it is
not thick and may be discontinuous. In the
central part of the range a heavy bed of lime-
stone overlying the Percha shale yielded lower
Mississippian (Lake Valley) fossils at several
localities, notably in San Andres Canyon and
on the slopes 3 miles south of San Andres Peak,
and also ata locality,shown in figure 9 (p.42),
west of San Nicolas Spring, or about 16 miles
northeast of Las Cruces. The greatest thick-
ness observed was in San Andres Canyon and
northward for 10 or 12 miles, where the amount
may be 100 feet or more. The principal bed
that yielded Lake Valley fossils is a massive
limestone, cherty in its upper part; but some
overlying softer beds and a higher massive bed
may possibly be included in the formation.
In San Andres Canyon the higher massive bed
is capped by 28 feet of hard gray sandstone,
immediately above which is shaly limestone
containing Magdalena fossils. In Hembrillo
Canyon the only member present is the first
massive bed that caps the Percha shale, for the
strata next above carry Pennsylvanian fossils.
This bed extends northward past Salinas Peak
to and beyond Hays Gap, where, however, no
fossils were found in it. In Sulphur Canyon
it is 60 feet thick and is capped by 30 feet of a
peculiar sandstone, including considerable con-
glomerate of large pebbles and fragments of
white chert. This material is presumably basal
Magdalena. Some of it appears also in Lost-
man Canyon. In Deadman Canyon the mas-
sive limestone bed above the Percha shale is 80
feet thick and grades upward into 50 feet of
limestone with cherty layers. In Rhodes Can-
yon the ledge is only 25 feet thick, and in Lava
Gap it is 30 feet thick. The outcrop at the lat-
ter place is shown in Plate XVIII, B.

Sacramento Mountains.—In 1900 C. L. Her-
rick ! announced the discovery of fossils of the

1 Herrick, C. L., Univ. New Mexico Bull., vol. 2, No. 3, p. 8. The
geology of the white sands of New Mexico: Jour. Geology, vol. 8, pp.
112-128, 1900.
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Mississippian series in the west front of the
Sacramento Mountains but gave but little in-
formation as to the conditions of occurrence.
The bed was stated to be 560 feet above the
base of the section in Dog Canyon (see Pl.
XIX, A), and the thickness of the “Burlington
limestone,” as Herrick termed it, is 250 feet.
In 1908, G. H. Girty examined a section east of
Alamogordo, in which 1,500 feet of limestone
and shale containing Pennsylvanian fossils,
were found to be underlain by 150 feet of lime-
stone containing Mississippian forms. Some of
the same species were collected in Alamo Can-
yon, a few miles farther south, by G. B. Rich-
ardson, and also in 1915 by the writer. An
unpublished section, kindly furnished by Mr.
Girty, is as follows:

Section of Carboniferous racks in ridge N. 63° E. of Alamo-
gordo, N. Mez.

Feet,
43 Massive limestone.........ccoveeeiiiiiiaa.. 504
42. Thinner beds and concealed.................. 100+
AL Dark IRTORIOIE. - o c.lon o et dim o d S mis e s 50+
A0, Conoepledl, c it se s b s arde s sune s o il 30
39, Dark Bmeftone, s cowsss s i scon cons s vosssmionns 3
88: Concenled.q:.ulsonmss s snsnwosssmss s os pnshivnmg 50
37. Soft greenish gritty sandstone................. 10
36. Concealed; débris, limestone and thin greenish
SRR e T Sty o e e himnesmime i S 100
35. Dark massive limestone, weathering brown..... 25
84, Concedled. .. cccsoansnivsnnvosanomsvan e wteselt 1120
28; Dark Hmestone.cccesss: os svsmmnnsess o s Sosonin 5
32. Sandy shale, partly concealed................. 10
31. Earthy limestone (fossils)...................... 4
30. Dark shale above (20 feet), concealed below.... 50
29. Argillaceous and calcareousshale (fossils)....... 10
28. Dark siliceous limestone................... ... 10
27. Greenish sandy shale. .. ieetsstonvresioonism 15
26. Greenish-brown gritty sandstone............... 10
25, Bhalymaterialiccc.ccciizaiiasonnseses i aomms 5
24, Thin dark siliceous limestone.................. 10
23. Concealed; probably thin impure limestone.... 15
22. Massive dark limestone........................ 10
2L, Coneedlolscccies tunvsms s wmpiwn vk s b i lbaas 15
20. Siliceous limestone below, concealed in middle,
purer and fossiliferous limestone above....... 20
19. Greenish gritty sandstone, thin bedded below,
massive in middle, thinner above........... 60

18. Partly concealed; upper part with thin black
limestone, weathering bluish and yellowish.. 50

17. Lower 30 feet probably thin gritty sandstone;
upper 20 feet massive; some layers calcareous,

with quartz pebbles and fossils.............. 50
16. Gritty sandstone, calcareous below and fossili-

FEFARD o i i et Al ety mresn s ST 10
15. Dark-brown limestone, somewhat shaly, many

TORBIIR: . oo s s cwpstemsiin o s & 5 wns surmmms & & sate 10

14. Poorly exposed; probably thin dark siliceous
limestone, weathering brown, poor fossils.... 100+




50
Feet.
13. Black limestone, siliceous, weathering brown... 3
12. Poorly exposed; probably thin impure lime-
stone and a few ledges of dark cherty lime-
stone; paorForsilar oL oo datu s sl LI50
11. Light-colored sandstone and fine conglomerate;
poorlyexposed. . s o SUUURRIIL L o0 100+
10. Shale with calcareous layers; fossils............ 30
9. Dark impure limestone.......cccvavicennconoans 15

8. Unexposed; probably thin sandstone and then
impure limestone; Productus cora and P.
semireticulatus in débris ... ... ...... 100

7. Whitish and rusty gritty sandstone, and fine
conglomerate, not well exposed; perhaps as

mrrchiRe fes s e L R S 300
6. Light-colored crinoidal limestone; some very
soft and weathering togravel................ 75
5. Dark siliceous limestone with chert in bands... 30
4. Massive, rather soft calcareous shale; big crin-
oid stems and Schizo0phori@. ... ..ccceeeeanann 5
E.
z Sacramento Mts
g ===
=
5

nEos= 2

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1917.

occur on the south side of the Sierra Ladrones,
Socorro County, where in 1905 W. T. Lee*
obtained distinctive Mississippian fossils. (See
list on p. 52.) The locality was in the canyon
of Rio Salado, about one-eighth of a mile from
the granite ledges and therefore very near the
base of the sedimentary succession. Not far
above are limestones with fossils of Pennsyl-
vanian age, and in 1913 the writer found Penn-
sylvanian fossils within 3 or 4 feet of the gran-
ite on the northwest side of the mountain.
Evidently the Salado Canyon exposure is
either an outlying lens of the Mississippian
limestone or an extension northward from
Magdalena Mountain. The Mississippian is
not present east of Socorro and in the Man-
zano, Sandia, Zuni, Nacimiento, and Rocky

W.

Horizontal scale
Q 1MILE .

; i S
Verticalgcale /=Y :
o 4000 FEET
RUIAL o g 0

FIGURE 13.—Section of the west front of the Sacramento Mountains, 12 miles southeast of Alamogordo, N. Mex. gr, Granite; b, sandstone
(Bliss?); ¢, E1 Paso limestone; m, Montoya limestone (dark massive limestone, overlain by cherty limestone); w, limestone, white when
weathered (Fusselman?); f, Fusselman limestone; mf, shaly limestone, with Mississippian fossils.

3. Dark limestone and thin shale interbedded;
limestone with “ Caudagallt” ................ 20

2. Same as No. 1 but more massive................ 15

1. Dark bluish-gray calcareous shale, thin bedded
and rather massive; base not seen.

Fossils of Mississippian age were obtained
from bed 6 (see list on p. 52), as well as in the
lower beds, and this member is tentatively
regarded as the top of the Mississippian,
although possibly bed 7 should also be in-
cluded. Beds 1 and 2 extend down to the edge
of the valley fill. The strata containing Missis-
sippian fossils extend all along the west front of
the range, from a point opposite Alamogordo
nearly to Grapevine Canyon. The most abun-
dantly fossiliferous beds are in the 100-foot
member of shales and slabby limestone lying
between a massive ledge of coarse-grained lime-
stone and the top of the cliff of Fusselman
limestone.

The relations of these Mississippian beds are
shown in figures 13 and 14, the latter showing
the long arch extending along the mountain
front east-southeast of Alamogordo. (See also
Pls. XX and XXI.)

Sierra Ladrones.—The northernmost known
rocks of Mississippian age in New Mexico

mountains, where rocks of the Pennsylvanian
series lie directly on pre-Cambrian granite.

Fossils.—In the type locality at Lake Valley,
from beds 7 and 8 in the section given on page
47, were obtained the following fossils. The
identifications were made by G. H. Girty,
except those of the crinoids, which were made
by Frank Springer:

Cladochonus sp.
Favosites aff. F. valmeyerensis.
Zaphrentis sp.
Amplexus aff. A. fragilis.
Platycrinus peculiaris.
Platycrinus parvinodus.
Platycrinus pileiformis.
Periechocrinus whitei.
Megistocrinus evansi?
Doryerinus unicornis.
Physetocrinus lobatus.
Physetocrinus planus.
Steganocrinus sculptus.
Fistulipora americana.
Cheilotrypa? sp.
Fenestella sp.
Pinnatopora sp.
Rhombopora sp.

1 Gordon, C. H., Mississippian formations in the Rio Grande valley,
N. Mex.: Am. Jour. Sci., 4th ser., vol. 24, p. 58, 1907.
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VIEW LOOKING SOUTHEAST ALONG WEST FRONT OF SACRAMENTO MOUNTAINS FROM ALAMOGORDO, OTERO COUNTY, N. MEX.

A, Mouth of Alamo Canyon; O, canyon with small orchard at its mouth; F, northwest-southeast fault; S, San Andres Canyon; e, El Paso limestone; m, Montoya limestone; f, Fusselman limestone; mf, limestone with
Mississippian fossils above which are Pennsylvanian limestones.
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VIEW ALONG WEST FRONT OF SACRAMENTO MOUNTAINS AT AGUA CHIQUITA CANYON, OTERO COUNTY, N. MEX.

Looking southeast. m, Montoya limestone; e, El Paso limestone; gr, granite.
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WASATCH FOSSILS IN SO-CALLED FORT UNION BEDS OF THE POWDER
RIVER BASIN, WYOMING, AND THEIR BEARING ON THE STRATIG-

RAPHY OF THE REGION.

By CarrorLrL H. WEGEMANN.

Northeastern Wyoming is occupied by a
broad structural basin opening to the north
and bounded on the east, south, and west by
three mountain uplifts—the Black Hills, the
Laramie Mountains, and the

tion, the transition being marked by thin beds
of coal and carbonaceous shale. Neither at
the base nor at the top has evidence of uncon-
formity been observed in this region.

106° 105°

Big Horn Mountains. (See : 107

104° J
45

fig. 16.) Throughout much
of this basin the surface
rocks are of Tertiary age.
They contain the principal
coal beds of the region and
have been classified in all the
more recent Survey reports as
Fort Union. The true age of
these rocks and the general

A

S B anp

Gnie:ty

stratigraphyof the fresh-water
beds that underlie them are
the theme of this paper.

The rocks above the Fox
Hills sandstone on the south-
west side of the basin may
be separated, on lithologic
grounds, into three divisions.

The Lance formation, about
3,200 feet thick, consisting of
gray shale and buff fine-
grained slabby or concretion-
ary sandstone, is at the base.
It contains a few thin coal

beds at various horizons in

the formation, particularly
near the base and top, but
they are so thin and the coal
is so poor as to be of no commercial value.
One of the most characteristic features of the
Lance consists of large round concretionary
masses that weather from the sandstone beds.
(See Pl. XXII, A.) These masses resemble
great boulders, and some of them are as much
as 10 or 15 feet in diameter.

At its top the Lance grades almost imper-
ceptibly into the beds of the overlying forma-

77482°—17

o 10 20 30 40 50 60 MILES
L n n e h f )

FIGURE 16.—Map of northeastern Wyoming.

The Lance formation, as a whole, is a unit
that is not susceptible of division on lithologic
grounds. The vertebrate remains, however
(for the most part Triceratops and Trachodon),
are not distributed through the whole forma-
tion, but are found only in the lower 2,000 feet.
The upper 1,200 feet of beds, although identi-
cal in appearance with those below, are ap-
parently barren of vertebrate fossils.

57
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Above the Lance formation is about 2,000
feet of very fine grained bluish-white sand-
stone interbedded with gray shale and with a
few beds of coarser sandstone, containing
grains one-eighth of an inch in diameter.
This formation is distinguished from the under-
lying Lance by its bluish-white color, the ab-
sence of large round concretionary masses,
and the presence of beds of highly ferruginous
sandstone only a few inches thick. The iron
in many of these ferruginous beds appears to
be of secondary origin, having probably been
deposited from ground water. Some of it
may represent swamp deposits, although this
is difficult to demonstrate. ;

The formation as a whole is more resistant
to erosion than the formations above and be-
low it, so that its outcrop around the margin
of the great basin already described forms a
prominent escarpment, which is generally tim-
ber covered, and to which the writer has re-
ferred in several reports as the ‘“Great Pine
Ridge.” (See Pl. XXII, B.) Fossil leaves,
that are found in abundance in some of the
ferruginous beds, have been determined by
F. H. Knowlton as of Fort Union age, but
the strata have heretofore been considered as
comprising only the basal member of that
formation.

. The bluish-white shale and sandstone of the
Great Pine Ridge are overlain by about 2,500
feet of beds that are the principal coal-bearing
rocks of the upper Powder River valley and
that have in the past been considered by most
workers in the region, the writer included, as
of Fort Union age, constituting the upper divi-
sion of that formation. (See Pl. XXIII, A.)
These beds consist mainly of gray shale and
fine-grained dirty-white sandstone. They in-
clude some beds of coarser sandstone, especially
in the upper part of the formation, and at the
bases of these are found in many places thin
layers of conglomerate. At certain horizons
there are layers of pink shale and pink sand-
stone whose color—in the sandstone at least—
is variable from place to place. Ferruginous
layers, so abundant in the underlying forma-
tion, are here absent. Distributed through the
formation at various horizons are beds of subbi-
tuminous coal, which range in thickness from
a few inches to 50 feet. Some of the beds are
apparently very lenticular and can be traced for
only a few miles along their outcrop. Others
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are very persistent and underlie hundreds of
square miles of territory.

During the season of 1915 R. W. Howell and
the writer examined an area of about 2,000
square miles, extending from northwest Con-
verse County northward along the divide on
which are situated the Pumpkin Buttes to the
Powder River valley. In the Pumpkin Buttes
are exposed the highest beds that are present
in this general region. About 12 miles west of
the buttes lies the Great Pine Ridge, and be-
tween this ridge and the buttes is the most ad-
vantageous locality at which to measure the
thickness and study the characteristics of the
overlying formation, the so-called upper divi-
sion of the Fort Union. To Mr. Howell belongs
the credit of finding the first tooth of Corypho-
dondiscovered by the party. The specimenwas
found between the Middle and North buttes
at about 950 feet below the top of the forma-
tion as there exposed. Mr. Howell and the
writer afterward returned to the place and ob-
tained several other teeth. All came from a
blue shale underlying a thick sandstone bed; at
the base of which is one of the small local un-
conformities characteristic of the formation.
Later in the season we obtained from Mr. Wil-
liam Black, a rancher, other specimens of Co-
ryphodon teeth, which he described as having
been found at the top of Dome Butte, an ontlier
of North Pumpkin Butte. The sandstone that
caps this butte is the same as the basal part of
the thick sandstone bed that caps all the Pump-
kin Buttes. Mr. Black gave the locality accu-
rately, and Mr. Howell afterward visited it.
He did not discover any more teeth but did
find fragments of bone embedded in sandstone,
that correspond in texture to that in which
the specimens which we had received were em-
bedded. J. W. Gidley states, with regard to -
this as well as the former collection, that the
teeth belong to Coryphodon molestus a genus
known only from the Wasatch. It would seem,
therefore, that these remains afford definite
evidence for correlatmg the rocks that form
the Pumpkin Buttes, or the upper 1,000 feet of
the formation heretofore called Fort Union,
with the Wasatch. The 1,400 feet of beds from
the base of the Pumpkin Buttes down to the top
of the Great Pine Ridge are lithologically sim-
ilar to the rocks of the buttes themselves, and
there is every reason, on lithologic grounds, to
suppose that they belong to the same formation
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4. SANDSTONE BED IN LANCE FORMATION, SHOWING LARGE ‘“CONCRETIONS.”

B. GREAT PINE RIDGE, WYO., FORMED BY OUTCROP OF FORT UNION FORMATION.
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4. BADLANDS IN WASATCH FORMATION AT FOSSIL LOCALITY NEAR THE DAVIS RANCH,
SUSSEX, ‘WYO.

Photograph by T. W. Stanton.

B. KINGSBURY CONGLOMERATE ON KINGSBURY RIDGE, 8 MILES SOUTHWEST OF
BUFFALO, WYO.



WASATCH FOSSILS OF THE POWDER RIVER BASIN, WYO.

as the rocks from which Coryphodon has been
obtained.

In 1910 T. W. Stanton, A. R. Schultz, and
the writer made a collection of small mammal
teeth from a horizon about 700 feet above the
top of the beds forming the Great Pine Ridge,
at a place 20 miles west of Pumpkin Buttes.
(See P1. XXIII, A.)  Some shale beds in the
vicinity are pink or red and resemble the Wa-
satch beds of southwestern Wyoming. The
writer was directed to this locality by Mr. H. W.
Davis, an old-time rancher of the region, who
stated that some years before students from
Ambherst, Mass., had made a collection from
the locality and found the jaw of a fossil horse.
Concerning this statement Prof. F. B. Loomis,
of Ambherst, has informed the writer that a
party under his direction made a collection
near the Davis ranch in 1904 which included
teeth regarded by him as belonging to Eohippus
and Coryphodon. With regard to the 1910
collection near the Davis ranch, Mr. Gidley has
very kindly prepared the following statement:

On a former preliminary examination of the material
from the vicinity of the Davis ranch, Sussex, Wyo., I was
led to believe that it indicated Fort Union deposits at that
locality. My conclusion was based principally on the
presence in the collection of a little insectivorous mammal
represented by a portion of a lower jaw containing two
teeth. This or a closely related species occurs also in
the Fort Union beds of Sweet Grass County, Mont., and
so far as I know has never been found elsewhere. Its
presence, however, is by no means conclusive evidence of
the Fort Union age of these beds. For, while this par-
ticular animal has not yet been found in other formations,
there are several forms commonly found in the Fort Union
(or the Torrejon) which are known to extend beyond the
limits of this formation and occur in beds recognized as
lower Wasatch.

Of the three mammal molars also included in the col-
lection from the Davis ranch, I stated five years ago that
they represented undescribed species but seemed to be
generically identical with certain forms of the Torrejon.
To this I can now add that one of these (catalogue No.
6734) is very close to if not identical with Polycodus ral-
stoni, recently described by Matthew ! from beds in the
Clark Fork basin, Wyo., designated by Granger? the
Sand Coulee beds and regarded as transitional in age be-
tween the Fort Union (represented in northwestern New
Mexico by the Puerco and Torrejon) and the Wasatch.
This suggests that the other specimens may also prove to
belong to this horizon, especially as it now seems very
evident that many of the Fort Union forms have passed
without much change into the basal Wasatch.

1 Matthew, W. D., The Cretaceous-Tertiary problem: Geol. Soc.
America Bull., vol. 25, pp. 387-402, 1914.

2 Granger, Walter, On the names of lower Eocene faunal horizons of
‘Wyoming and New Mexico: Am. Mus. Nat. Hist. Bull., vol. 33, pp.
204-205, 1914.
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Asthe Clark Fork beds and Sand Coulee beds of Granger,
which contain both Fort Union and Wasatch forms are
regarded as a transitional phase, there appears to have
been no great time break between the Fort Union and
Wasatch formations. A series of beds near Ignacio, Colo.,
mapped by Gardner 3 as Wasatch, also appears to contain
a fauna intermediate between Fort Union and Wasatch.
The fossils from this locality are not numerous, but they
show the presence of Coryphodon (species not determin-
able) in the upper levels. The lower levels contain a
phenacodont, intermediate between Phenacodus of the
Wasatch and Euprotogonia of the Torrejon; Hemiacodon
(probably a new species), a Bridger genus; and Notho-
dectes sp., a genus from Granger’s Clark Fork beds ? (species
may also be identical). A few other teeth in the collec-
tion appear to be species belonging to the Clark Fork beds.

Coryphodon and Eohippus are not known to occur lower
than the beds designated by Granger Sand Coulee beds.
Therefore, as Coryphodon has been found in the Pumpkin
Buttes locality and as Loomis has reported Coryphodon
and Eolippus from the Davis ranch locality it seems
reasonable that these beds should be classed with the
Wasatch formation and that those at the Davis ranch
should be regarded as probably equivalent to one of the
lower members of this group, either the Sand Coulee or
the Clark Fork of Granger.

It is evident, then, that the fresh-water beds
above the Fox Hills sandstone in this part of
Wyoming comprise at the base a formation
3,200 feet in thickness which bears Triceratops
in its lower 2,000 feet and which is unquestion-
ably Lance, at the top a formation 2,400 feet
in thickness which bears Coryphodon and is
therefore Wasatch, and intermediate between
these two a formation 2,000 feet in thickness
which bears Fort Union leaves in abundance
and which probably represents that forma-
tion. We may therefore refer to the rocks of
the Great Pine Ridge as the Fort Union of
this region, and to the formation overlying it
as Wasatch.

That the Wasatch rests unconformably upon
the Fort Union would seem to be indicated by
the following observations: At Kingsbury
Ridge, 8 miles southwest of Buffalo and about
50 miles northwest of the Pumpkin Buttes, is a
thick conglomerate named by Darton* the
Kingsbury, which appears to represent a great
alluvial fan, its outcrop being some 40 miles in
length from north to south and 2 to 5 miles in
width from east to west. (See Pl. XXIII, B.)
It was apparently deposited by streams which
flowed from the highest part of the Big Horn
Mountains and which had, prior to the deposi-

8 Unpublished material.
4 Darton, N. H., Geology of the Bighorn Mountains: U. 8. Geol.
Survey Prof. Paper 51, p. 61, 1906.
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tion of the conglomerate, cut deep valleys in the
underlying beds. The conglomerate thus rests
unconformably on the rocks below it, trans-
gressing at Kingsbury Ridge strata ranging in
age from Tertiary to Carboniferous. Its great-
est thickness is estimated by Darton ! as 2,500
feet. In recent Survey reports it has been
treated as a member of the Fort Union forma-
tion. It is certainly younger than the Fort
Union beds on which it rests toward the south,
and in that direction also the conglomerate as a
member thins out within a few miles, although
layers a few inches to several feet in thickness
can be found at or near its horizon as far south
as Powder River. To the east the Kingsbury
conglomerate appears to become finer grained
and to finger out into the shale and sandstone
of the coal-bearing beds that are now believed
to be of Wasatch age. In other words, it is the
writer’s opinion that the Kingsbury conglom-
erate is equivalent to part of the Wasatch, and
that the unconformity at its base separates that
formation, in the Kingsbury region at least,
from all older rocks.

Along the Dry Fork of Cheyenne River 35
miles south of Pumpkin Buttes and 90 miles
southeast of Kingsbury Ridge there is some
evidence of an unconformity between the
Wasatch and underlying Fort Union beds. The
Dry Fork of the Cheyenne heads in the Great
Pine Ridge, and along its valley there are ex-
posed two beds of coal stratigraphically about
160 feet apart. Thelower coal bed is only a few
feet above the top of the Fort Union as exposed
in the Great Pine Ridge. The upper coal bed
may be traced eastward along the Cheyenne

1 Darton, N. H., Geology of the Bighorn Mountains: U. S. Geol. Survey
Prof. Paper 51, p. 61, 1906.
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Valley for about 10 miles from the ridge to a
point where both the lower and upper beds are
exposed, together with about 50 feet of strata
underlying the lower bed. There is no indica-
tion at this locality of the highly ferruginous
layers characteristic of the Fort Union. Still
farther east along the Cheyenne lower rocks are
exposed, including a third coal bed that lies
about 220 feet below the lower coal bed above
described. The rocks associated with this
third bed are in appearance Wasatch rather
than Fort Union. A coal bed, therefore, which
at the head of the Dry Fork of the Cheyenne
rests almost directly on the Fort Union beds
has below it in an area 15 miles farther east at
least 275 feet of strata that appear to be Wa-
satch, and it seems probable that an uncon-
formity is here present between the two forma-
tions. Inasmuch, however, as the coal beds in
the lower part of the Wasatch do not extend for
any great distance north and south in the region
of the Fort Union outerop, and as there are, be-
sides the coal beds, no other key rocks that are
easily recognizable in the lower part of the Wa-
satch, it is impossible to prove conclusively the
amount of the unconformity.

In summary, we find in the region southeast
of the Big Horn Mountains three fresh-water
formations above the marine sandstone of the
Fox Hills ; the lowest of these is Lance, the high-
est Wasatch, and the intermediate formation
may reasonably be considered to be Fort Union.
A local unconformity is known to exist in the
vicinity of Buffalo between the Wasatch and
Fort Union, and there is evidence to indicate
that this unconformity is present, although less
evident in other parts of the Powder River
basin.

O
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GEOLOGIC HISTORY INDICATED BY THE FOSSILIFEROUS DEPOSITS OF
THE WILCOX GROUP (EOCENE) AT MERIDIAN, MISSISSIPPI.

By Epwarp WiLBER BERRY.

INTRODUCTION.

The presence of erosion intervals at several
horizons in the Eocene of the Gulf States has
been pointed out in a recent paper,! and the
evidence of an erosion interval between the

‘period of deposition of the sediments of the

Wilcox group (lower Eocene) and that of the
Claiborne group (middle Eocene) was reviewed
in some detail in a general discussion.of the
extensive flora of the Wilcox group of that
region.? This evidence was not entirely con-
clusive and was based on thelittoral character of
the basal Claiborne, the occurrence of autoch-
thonous beds of lignite at the base of the
Claiborne at certain localities in the northern
part of the Mississippi embayment, the great
change between the Wilcox and Claiborne
floras and faunas, and the reported uncon-
formities in western Georgia ® and in south-
western Texas.* Recently E. N. Lowe,® State
geologist of Mississippi, discovered a westward
extension into that State of the glauconitic
shell marl of the Bashi (“Woods Bluff”’) for-
mation of southern Alabama. C. W. Cooke, of
the United States Geological Survey, visited
this region in the spring of 1916 and collected
fossil plants at Meridian, Miss. This collection
contained two new and important plants, and

1 Berry, E. W., Erosion intervals in the Eocene of the Mississippi em-
bayment: U.S. Geol. Survey Prof. Paper 95, pp. 73-82, 1916.

2 Berry, E. W., The lower Eocene floras of southeastern North America:
U. 8. Geol. Survey Prof. Paper 91, pp. 36-38, 1916.

3Veatch, Otto, and Stephenson, L. W., Preliminary report on the
geology of the Coastal Plain of Georgia: Georgia Geol. Survey Bull. 26,
p. 228, 1911.

4 Dumble, E. T., Some eventsin the Eocene history of the coastal area
of the Gulf of Mexico in Texas and Mexico: Jour. Geology, vol. 23, pp.
481-498, 1915.

s Lowe, E. N., Mississippi, its geology, geography, soils, and mineral
resources: Mississippi Geol. Survey Bull. 12, p. 71, 1915.
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it is the purpose of the present paper to discuss
briefly these additions to the flora of the Wilcox
group and the new evidence of the uncon-
formity between the Wilcox and the Claiborne
groups afforded by this outcrop.

THE LOCALITY.

The outcrop from which the fossil plants were
obtained is in the southeastern part of the town
of Meridian, Miss., on a hillside immediately
south of the Meridian & Memphis Railwey, in
an extensive excavation for the fill leading to
the overhead crossing of the Mobile & Olio
Railroad, 200 yards east of that crossing. The
section, for which I am indebted to Mr. Coole,
shows the following sequence:

Section at Meridian, Miss.

3 Feet.
Fine yellow incoherent sand with flat, disklike

pebbles of clay and thin beds of clay, some of
which show apparent ripple marks............
Probable unconformity.
Gray to brown and black hackly clay, very sandy
in places, with much lignitic matter; impres-

15-204

30+
Greenish-yellow fine incoherent glauconitic sand

with large spheroidal indurated masses crowded

with fossil shells ( Venericardia planicosta, Pseu-

doliva petrosa tuomeyi, Solariella louisiana,

etc.), characteristic of the Bashi (“Woods

Bluff”) formation of the Wilcox group......... 12

The fossil plants were collected from the end
of the cut nearest to the railroad crossing, and
the base of the section is a little higher than
the flood plain of Souwashee Creek. The
basal member contains an abundant marine
fauna, which Mr. Cooke states is characteristic
of the Bashi formation of the Alabama section.
The overlying member is packed with plant re-
mains in its upper layers. The following table

61
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enumerates those that are determinable and
gives their known range:

Species of fossil plants occurring at Meridian, Miss.

Previously known range.
Lower | Middle | Upper
Wilcox. | Wilcox. | Wilcox.
Lygodium binervatum (Les- :
quereux) Berry. . .......... b S| S (?)
Zamia mississippiensis Berry,

B B e o oomcconmimsm i msonm e ot e 503 o i By S
Sabalites grayanus Lesquereux |........ X X
Ficus puryearensis Berry. . ... X X 7
Nelumbo protolutea Berry, n.

BDsscassnssond - o ousmiaaionnito: sadedl et b ol o0 oLt D
Gleditsiophyllum eocenicum

BEELY ..o cioiminsbia o = o mimmisgasmimimmin sllo v n o scae X b
Dalbergites ellipticifolius

02757 o N R P OOt | SRS S el X
Sapindus formosus Berry. .. ..f... ... X X
Sapindus mississippiensis

Ty | E— X X
Mespilodaphne eolignitica

BOYEF .« cvee weoicioin won mimimivia msoncioim -4 X )
Mespilodaphne pseudoglauca

BBV s a5 5 o msmmaipes|vn & 5 55 9 5 4 bd
Nectandra lowii Berry . . .....[........ ¥ X
Combretum obovalis Berry...|........|........ X

» Aralia acerifolia Lesquereux. .|........[..«..... X

It will be seen that of the 14 species identified
from Meridian, three occur in the lower Wilcox
or Ackerman formation, eight in the middle
Wilcox or Holly Springs sand, and twelve, or all
but the two new species, in the upper Wilcox or
Grenada formation. In addition it should be
noted that several recorded from the middle
Wilcox are found only near the top of that divi-
sion, so that the present assemblage would be
referred unhesitatingly to the upper Wilcox or
Grenada formation even were its stratigraphic
position unknown.

GEOLOGIC INTERPRETATION.

The Bashi formation of the Alabama section
is overlain by the Hatchetighee formation,
which contains an obviously shallow-water
marine fauna. It would seem indisputable
that the lignitic sands overlying the glauconitic
marl at Meridian correspond to the Hatchetig-
bee formation as it occurs to the southeast in
Alabama and also to the Grenada formation as
it occurs to the northwest. The Hatchetigbee
fauna indicates the shallowest-water assem-
blage of Mollusca represented in the -Alabama
section of the Wilcox group.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1917.

This rather obvious correlation is not, how-
ever, the feature of especial interest in the
Meridian section. The significance of that sec-
tion lies in the facts that at the base the material
is a glauconitic sand with an abundant fauna—
obviously a shallow-water marine deposit—and
that these marine sands pass imperceptibly up-
ward into sandy lignitic clays which must be
interpreted, in part at least, as true continental
deposits, thus clearly presaging the withdrawal
of the sea during the interval between the Wil-
cox and the Claiborne.

The presence of land plants and scattered
lignitic material (allocthonous) in the sediments
argues for the nearness of a vegetation-covered
shore. The legitimate evidence in the Meridian
locality, however, justifies more than this infer-
ence, for the upper layers of the middle member
are not only filled with ‘the remains of land
plants but contain in addition the rootstocks
and abundant leaves of what appears to be the
Focene ancestor of the American Lotus. This
species (Nelumbo protolutea) belongs to a genus
whose known living representatives are large
perennial herbs growing exclusively in shallow
and still fresh water, or occasionally in water
that is only very slightly brackish. Were the
leaves the only traces of this plant present in
the deposits they might be interpreted as hav-
ing been drifted into an estuary, although their
great abundance in all sizes and the fact that
the leaves are not deciduous but would have to
be torn away from their stout petioles are op-
posed to such an interpretation. But inas-
much as the clays centain rootstocks which
during life creep in the mud at the bottoms of
ponds, and as a great abundance of rootlets
permeate the clays in every direction, many of
them with the root hairs preserved, it is obvious
that these remains were not transported but -
grew on the spot where they are now found.

They thus afford a record for this locality of
a period of changing conditions during which
greensands carrying a marine fauna became
replaced by littoral sands and muds and these in
turn were overlain by the sandy muds of what
was probably a shallow pond containing a vig-
orous growth' of innumerable nelumbos or
lotuses and receiving the leaves that fell from
the trees along its shores.

The section at Meridian, as interpreted by Mr.
Cooke, appears to show an unconformity above
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the plant bed, and the uppermost member—a
fine yellow sand—contains disklike pebbles
of waterworn clay, of a type usually associated
with rather quiet wave action on beaches, and
thin beds of clay that appear to have been
ripple marked. These clay beds and pebbles
may be local in character or they may mark the
beginning of the Claiborne transgression.

The conclusion seems justified that the
upper Wilcox was a time during which the
open sea became gradually smaller as the strand
line moved southward, and that there was an
interval of emergence between the deposition
of the Wilcox and that of the Claiborne group,
an interval whose considerable length is indi-
cated by the great contrasts between the ter-
restrial floras and the marine faunas of the
Wilcox and the Claiborne.

The locality at Meridian is the southernmost
point in the Wilcox outerop where fossil plants
have been found, and if this locality, so far to
the south, thus clearly indicates the succession
of events between the last Wilcox marine fauna
and the transgressing sands of the lower
Claiborne sea, it is obvious that a similar suc-
cession and a longer erosion interval character-
ized that great area of the Mississippi embay-
ment which lies to the north of Meridian.

TWO NEW SPECIES OF FOSSIL PLANTS.

The two new species described below are of
especial interest in that the Nelumbo adds an
entirely new type to the Wilcox flora, repre-
senting a family hitherto unknown in that
remarkable assemblage of between 300 and 400
species, and the second adds a new cycad
(Zamia), represented by fronds, the only known
cycad from the American Tertiary except a
single piece of a pinnule of another species of
Zamia from the Wileox, previously described.

Class GYMNOSPERMAE.
Order CYCADALES.
Family CYCADACEAE.
Genus ZAMIA Linné.

Zamia mississippiensis Berry, n. sp.

Although Zamia-like foliage is very common
and widespread in Mesozoic deposits the world
over and more than 30 species of Zamia still
exist in tropical and subtropical America, in-
cluding two that occur in the Floridian region,

1Berry, E. W., U. S. Geol. Survey Prof. Paper 91, p. 169, pl. 114,
fig. 2, 1916.
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only a few cycads have thus far been discov-
ered in Tertiary deposits anywhere. Much
interest therefore attaches to the present dis-
covery of a small-leafed form of Zamia.

Leaves elongate, slender, and linear. Rachis
stout. Pinnules small, crowded, opposite or
subopposite, bluntly pointed, constricted prox-
imad. to a relatively broad inequilateral base,
attached to the sides of the top of the rachis.
Length 1.25 to 1.50 centimeters; maximum
width about 2 millimeters. Margins entire.
Texture coriaceous. Venation consisting of
eight to ten longitudinally subparallel veins,
a few of them dichotomous proximad.

This characteristic Zamia is represented in
the present collections by three specimens, two
of which are shown in the accompanying

FIGURE 17.—Zamia mississippiensis Berry, n. sp. a, Specimen show-
ing traces of 14 pairs of pinnules; b, specimen with slightly larger
pinnules; ¢, pinnule enlarged 4 diameters to show form and venation.

figures. In the specimen represented in figure
17, b, which shows a portion of the pinnule-
bearing part of a rachis 4.4 centimeters long,
the pinnules are slightly larger than in the other
specimen figured and are more scattered, but
this is due to the loss of the intervening pin-
nules. In the other specimen (fig. 17, a) a
similar pinnule-bearing part of the rachis 4.7
centimeters long shows traces of 14 pairs of
pinnules. The rachis is somewhat. more
slender than in the specimen shown in figure
17, b, and the pinnules are slightly smaller.
The unfigured specimen shows 5 centimeters of
pinnule-bearing rachis with traces of 12 pairs
of pinnules.

These remains evidently represent a Zamia
with slender, graceful leaves and much re-
| duced pinnules, somewhat suggestive of the
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existing Zamia floridana De Candolle, which
inhabits the so-called flatwoods of the east
coast of Florida south of New River.

In my account of the lower Eocene flora of
southeastern North America®! I described as
Zamia ? wilcoxensis a single broken pinnule of a
cycad which I compared with the existing
Floridian Zamia pumila Linné. It is interesting
to find the remains of a second species some-
what resembling the only other living Florida
species at a horizon as old as the lower Eocene.
The two species, though based on a rather
meager amount of material, are apparently
distinet, for Zamia? wilcozensis has pinnules
with more than twice as many veins as the
pinnules of Zamia mississippiensis. It is of
course possible that the two occurrences
represent the extremes of variation of a single
lower Eocene species, but I do not regard this
as probable.

Only five or six other Tertiary species of
cycads are known, and most of these are based
on poorly preserved or unrepresentative mate-
rial.  The only non-European form is an
undoubted species of Zamia from the Eocene
of Coronel, Chile, described by Engelhardt.?
The oldest known Tertiary species is Zamites
palaeocenicus, from the Thanetian of Gelinden,
Belgium, described by Saporta and Marion.?
Meschinelli * described a species from the
Stampian of Venetia, Italy, which he referred
to Ceratozamites, and two species have been
recorded from the lower Miocene (Aquitanian)
of Europe—a Zamites from southern France ®
and a well-marked Encephalartos from Kumi,
in Greece.” Heer” recorded a species of
Zamites from the Helvetian of Switzerland and
a species of Oycadites from the Tortonian of
that country, but both of these are rather
doubtful determinations.

The small amount of material on which the
present species is based is nevertheless suffi-

1Berry, E. W,, U.
fig. 2, 1016.

2 Engelbardt, H., Ueber Tertifirpflanzen von Chile: Senckenberg.
naturf. Gesell. Abh., Band 16, p. 646, pl. 2, fig. 16, 1891.

3 Saporta, Gaston de, and Marion, A. F., Révision de la flore heersienne
de Gelinden, p. 20, pl. 1, figs. 4, 5, 1878.

4 Meschinelli, L., Studio sulla flora fossile di Monte Piano: Soc. venete-
trentina Sci. Nat. Atti, vol. 10, p. 276, pl. 6, Padua, 1889. -

5 Saporta, Gaston de, Sur la découverte d’une cycadée dans le terrain
tertiaire moyen de Provence: Soc. géol. France Bull., 2d ser., tome 21,
pp. 314-328, pl. 5, 1864. °

6 Saporta, Gaston de, Notice sur 1’ Encephalartos g 8, cycadée
fossile, du dépoét mioceéne de Koumi (Eubée): Soc. bot. et hort. Pro-
vence Bull., pp. 41-44, 1 pl., 1880.

7 Heer, Oswald, Flora tertiaria Helvetiae, vol. 1, p. 46, pl. 15; pl. 16,
fig. 1, 1855.

8. Geol. Survey Prof. Paper 91, p. 169, pl. 114,
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cient to establish the undoubted relationship
of the fossil, as the accompanying text figures
show, and it is quite possible that future
research will reveal other members of this
interesting family in the later Tertiary deposits
of this region, as the plants thus far collected
from the upper Eocene and lower Oligocene
are more tropical in character than those from
the lower Eocene.

Class ANGIOSPERMAE.
Order RANALES.
Family NYMPHAEACEAE.
Genus NELUMBO Adanson.

Nelumbo protolutea Berry, n. sp.

Plates XXIV-XXVI.

Leaves of all sizes, orbicular or suborbicular
in outline, peltate. Petioles stout, that of one
of the smaller leaves being 5 millimeters in
diameter. Margins slightly undulate. Tex-
ture coriaceous. Primaries numerous, radiat-
ing from the center of the leaf, about 25 in
number (this is the number in the central frag-
ment of the very large leaf figured in P1. XXIV,
fig. 2, as it is also in leaves not over half
the size), stout, prominent on the under side
of the leaves. Although all the primaries
are approximately equal in size they appear
to be more crowded in one-half of the leaf than
in the other, as in the large leaf figured (PI.
XXIV, fig. 2), where the ratio in the one-half
to the other is 10 to 15. They pursue rather
uniformly straight courses but fork dichoto-
mously three or four times; the first dichotomy
is somewhat more than half the distance to
the margin. The angles of the dichotomies
are about 30°. Insome specimens the primary
remains straight and the secondaries are curved,
as in the vertical primary shown in Plate
XX1V, figure 2. The marginal dichotomy is
tiny, and the ultimate parts of the forking of
adjacent primaries are united by a broad loop
or arch subparallel with the margin, as shown
in Plate XXIV, figure 1, and Plate XXV,
figure 2. The tertiaries are thin and percur-
rent, or they inosculate midway between ad-
jacent primaries. Areolation very fine but
well marked, forming isodiametric hexagonal
meshes, well shown enlarged twice in Plate
XXVI, figure 3.

The diameter of the larger leaf figured (Pl
XXIV, fig. 2) is estimated as 32 centimeters;
that of the leaf shown in Plate XXV, figure 2,



GEOLOGIC HISTORY OF THE WILCOX GROUP AT MERIDIAN, MISS.

at 28 centimeters; that of the leaf shown in
Plate XXV, figure 4, at 15 or 16 centimeters;
and that of the small leaf shown in Plate XXV,
figure 3, at 7 centimeters. The clays at this
locality are packed with fragments of large
leaves, so that the normal diameter seems to
have been between 25 and 35 centimeters.
The leaves were probably normally concave,
as in the existing species, and several are pre-
served with the two halves of the upper sur-
face in apposition. A fragment showing this
method of preservation is shown in Plate XXV,
figure 1.

Associated with the leaves are fragments of
the rootstock, most of them poorly preserved
* but showing traces of nodes with leaf cushions
and rootlet scars. In Plate XXVI, figure 2,
* are shown the flattened rootlets radiating from
a node, and figure 1 on the same plate shows
the rootlets and root hairs. Traces of rootlets
are very common in the clays and serve to indi-
cate that this species grew at the exact locality
where it was preserved, as might also be in-
ferred from its great abundance. Associated
with these remains are a few rather poorly pre-
served oblate-spheroidal seeds, about 1.3 centi-
meters long and 0.8 centimeter in diameter,
which I consider as representing the seeds of
this species, although they are too poorly pre-
served for exact diagnosis. No traces of the
characteristic large torus of this genus have yet
been discovered at this locality.

This new species is wholly unlike any Ameri-
can Tertiary species heretofore known and is
larger and much better preserved. Among the
considerable number of European Tertiary
forms it resembles somewhat Nelumbo buchii,
from Monte Promina, in Dalmatia, as ficured
by Ettingshausen,! and Nelumbo protospeciosum
from the Aquitanian of southern France, de-
seribed by Saporta.? The latter is one of the
most completely known fossil forms. It is
represented by large and small leaves showing
the details of areolation, by traces of flowers
(stigmatic disks), and by seeds. Saporta con-
siders it in the direct line of descent to the
existing sacred lotus of India (Nelumbo ne-
lumbo), which it certainly- resembles very
much. This French species is more like the

1 Ettingshausen, Constantin von, Die eocenel Flora des Monte Promina
in Dalmatien: K. Akad. Wiss. Wien Denkschr., Band 8, p. 36, pl. 10,
figs. 2, 3; pl. 11, fig. 1; pl. 12, 1855.

2 Saporta, G. de, Recherches sur la végétation du niveau aquitanien
de Manosque, p. 17, pl. 1, figs. 2, 3; pl. 4, figs. 1, 2, 1891.
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Wilcox form than .any other previously de-
scribed, and if the two occurred at the same
horizon it would be impossible to distinguish
them by their foliage alone. Nelumbo proto-
speciosum is probably descended from Nelumbo
provinciale, from the Upper Cretaceous lignites
of Fuveau, in Provence, referred by Saporta
to the Campanian stage but now usually con-
sidered as forming a part of the Aturian stage.

The existing species of Nelumbo are two in
number, both magnificent plants. One, the
Indian lotus Nelumbo nelumbo (Linné) Kar-
sten, is found in the southeastern Asiatic region
from southern Japan to northern Australia and
ranges westward as far as the Caspian Sea.
The other, the American lotus or great water
lily, Nelumbo lutea (Willdenow) Persoon, is
found in eastern North America from Ontario
and Mlchlgan to Florida and Louisiana and
southward in the West Indies and northern
South America, extending as far as latitude
7° 8. in Brazil.

Any genus of plants represented by but two
closely related existing species, each with a
comparable habitat and distribution and sepa-
rated by the breadth of the Pacific Ocean, is
sure to have had a long geologic history during
which the ancestors of the existing species
occupied the intervening land areas. That
Nelumbo had such a history has long been
known, and a considerable number of fossil
species have already been described.  The
oldest are forms with small leaves for which I
have proposed the generic term Nelumbites® and
which are common in the Patapsco formation
of the Potomac group in Maryland and Vir-
ginia (late Lower Cretaceous or Albian in age)
and occur also in the earlier Upper Cretaceous
of North America. Of about the same age or
somewhat younger are Nelumbium lusitanicum
and Nelumbium choffati, reported by Saporta *
from the supposed Albian of Portugal, neither
of which has been figured or adequately de-
seribed.

A species of especial interest in the present
connection is Nelumbo kempii Hollick,® which
occurs in the Magothy formation of Long
Island and New dJersey, for it appears to be

3 Berry, E. W., Maryland Geol. Survey, Lower Cretaceous, p. 462, 1911,

4 Saporta, G. de, Nouveaux détails concernant les Nymphéinées:
Compt. Rend., vol. 119, pp: 835-837, 1894.

5 Hollick, Arthur, The Cretaceous flora of southern New York and New
England: U. 8. Geol. Survey Mon. 50, p. 61, pl. 13, figs. 1-4; pl. 14, figs.
1, 2; pl. 15; pl. 16, figs. 1-6, 1906.



66

the logical ancestor of Nelumbo protolutea of
the Wilcox, thus paralleling Nelumbium pro-
vinciale Saporta,! of the Aturian of southern
France, which seems to be the ancestor of
Nelumbo protospeciosum Saporta, in turn lead-
ing to the existing Indian lotus. Other Upper
Cretaceous species are Nelumbium schwein-
furthi Couyat and Fritel,? from the Aturian of
Assouan, Egypt; Nelumbium arcticum Heer,?
from the Atane beds of western Greenland;
Nelumbo intermedia Knowlton,* from the Mon-
tana group of the West; ahd Nelumbo dawsoni
Hollick,® from the Belly River beds of Canada.
The two latter are small-leafed forms, possibly
referable to Nelumbites.

Besides several poorly characterized forms,
the following more definite species may be
mentioned from the Tertiary: Nelumbo lakesi-
anum Lesquereux ® and N. tenuifolium Les-
quereux,” from the early Tertiary of Colorado;
N. palaeocenicum Fritel ® from the Sparnacian,
or lower Eocene, of the Paris Basin; N. micro-
carpum Ettingshausen,® from the Ypresian, or
lower Eocene, of England; N. buchii Ettings-
hausen,® which is found at a number of
localities in the Oligocene and Miocene of

1Saporta, Gaston de, Le Nelumbium provinciale: Soc. géol. France Pal.
mém. 5, 1890.

2 Couyat, J., and Fritel, P. H., Sur la présence d’empreintes végétales
dans le grés nubien des environs d’Assouan: Compt: Rend., vol. 151,
p. 963, 1910.

3 Heer, Oswald, Flora fossilis arctica, vol. 6, Abt. 2, p. 92, pl. 40, fig. 6,
1882.

4 Knowlton, F. H., Flora of the Montana formation: U. S. Geol. Sur-
vey Bull. 163, p. 53, pl. 13, figs. 3-5, 1900.

5 Hollick, Arthur, A new fossil Nelumbo from the Laramie group at
Florence, Colo.: Torrey Bot. Club Bull., vol. 21, p: 309, 1894.

6 Lesquereux, Léo, The Tertiary flora: U. 8. Geol. Survey Terr. Rept.,
vol. 7, p. 252, pl. 46, figs. 1, 2, 1878.

7 Idem, p. 253, pl. 46, fig. 3.

8 Fritel, P. H., Note sur trois nymphéacées nouvelles du Sparnacien
des environs de Paris: Soc. géol. France Bull., 4th ser., vol. 8, p. 472,
pl. 10, fig. 3, 1908.

9 Ettingshausen, Constantin von, Report on phyto-palaeontological
investigations of the fossil flora of Sheppey: Roy. Soc. London Proc.,
vol. 29, p. 395, 1879.

10 Ettingshausen, Constantin von, Die eocene Flora des Monte Promina
in Dalmatien: K. Akad. Wiss. Wien Denkschr., Band 8, p. 36, pl. 10,
figs. 2, 3; pl. 11, fig. 1; pl. 12,.1855.
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Europe ; N. nymphaeoides Ettingshausen,' from
the Oligocene of Europe; and N. casparianum
Heer,'> N. ettingshauseni Sieber,”® and N.
hungarica Tuzson,* from the Miocene of Europe.
One species, N. minima Clement and E. M.
Reid,® is recorded from the Pliocene of northern
Europe, and the genus is also represented by
rhizomes in the late Tertiary of Japan.

The remains referred to these several species
comprise leaves, flower parts, rhizomes, root-
lets, characteristic fruits, and seeds, and they
clearly establish the once cosmopolitan range
of the genus, at least in the Northern Hemis-
phere, and its former abundance in Europe and
residence there as late as the upper Pliocene.
The existing Nelumbo nelumbo, therefore,
appears to be a species whose extinction in
Europe was brought about by the unfavorable
conditions that existed during the Pleistocene
epoch but which survived in eastern and
southern Asia, as did its only existing ally,
Nelumbo lutea, in eastern North America, by
the opportunities afforded it to withdraw
southward beyond the reach of adverse con-
ditions—opportunities which Europe, with its
high east-west mountain ranges and interior
seas, failed to furnish.

In order to visualize the facts set forth in the
preceding discussion I have assembled them on
the accompanying sketch map (fig. 18), which
shows the approximate range of the two
existing species of Nelumbo by the obliquely
lined areas and such Cretaceous and Tertiary
records as occur outside these areas by solid
black circles.

11 Idem, p. 37, pl. 10, fig. 1; pl. 11, fig. 2.

12 Heer, Oswald, Flora tertiaria Helvetiae, vol. 3, p. 299, 1859.

13 Sieber, Johann, Zur Kenntniss der nordbdhmischen Braunkohlen-
flora: Akad. Wiss. Wien Sitzungsber., Band 82, p. 83, pl. 2, figs. 15, 16,
1880.

14 Tuzson, Janos, A. Zsilvolgy egy tij Harmadkori ndvénye: Magyar
tud. Akad. Math. Természettud., Ert. 29, pp. 827-829, 1911; Beitrige zur
fossilen Flora Ungarns: K. ung. geol. Reichsanstalt Jahrb., vol. 21, p.
257, pl. 17, fig. 3; pl. 19, figs. 2, 3; pl. 20; pl. 21, figs. 1, 2, 1914.

15 Reid, Clement and E. M., The Pliocene floras of the Dutch-Prussian
border, p. 85, pl. 6, fig. 20 a, b, 1915.
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FIGURE 18.—Sketch map showing the existing and geologic distribution of Nelumbo.

67



PLATES XXIV-XXVI.
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PLATE XXIV.

Fieures 1, 2. Nelumbo protolutea Berry, n. sp., from the Grenada formation at Meridian, Miss.
1. Specimen showing margin and marginal venation of a small leaf.
2. Specimen showing the central part of a large leaf.
70
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PLATE XXV,

Frcures 1-4. Nelumbo protolutea Berry, n. sp., from the Grenada formation at Meridian, Miss.

. Specimen showing part of the under and upper surfaces of a small funnel-shaped leaf.
. Specimen showing margin and marginal venation of a large leaf.

. Specimen showing part of a very small leaf.

. Specimen showing the central part of a medium-sized leaf.
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PLATE XXVI.

Fieures 1-3. Nelumbo protolutea Berry, n. sp., from the Grenada formation at Meridian, Miss.
1. Specimen showing rootlets and root hairs.
2. Specimen showing rootlets radiating from the node of a crushed rootstock.
3. Fragment of a large leaf, enlarged 2 diameters, to show the well-marked hexagonal areolation
and other details of the venation.

O
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A FOSSIL FLORA FROM THE FRONTIER FORMATION OF SOUTHWESTERN
WYOMING.

By F. H. KNOWLTON.

INTRODUCTION.

This paper deals with a small but important
fossil flora, now known to be of Colorado age,
from the vicinity of Cumberland, Lincoln
County, Wyo. It was for many years thought
to be of Jurassic age, and only within the last
decade has its stratigraphic position been es-
tablished. Although small in number of spe-
cies, this flora offers information bearing on the
physical and climatic conditions that prevailed
during early Upper Cretaceous time in this
region, and, moreover, it furnishes a series of
stratigraphic marks that may be used in the
recognition of this horizon elsewhere. It has
also a possibly important biologic bearing, for
it shows the presence of certain plant types that
are now found living in Polynesia. The pres-
ence of certain types of insects that lived in
and on the plants is shown by their character-
istic markings. Finally, this study has a his-
torical and sentimental interest because it is
based on material collected on the celebrated
Frémont exploring expedition more than 70
years ago and now rediscovered and redescribed.

The fossil plants to be described in this paper
were discovered in 1843 by Capt. John C. Fré-
mont, while engaged on an exploring expedi-
tion that had for its object the finding of a
‘“new and better road” over the mountains
and plains to Oregon and northern California.
On August 19, 1843, the expedition turned
north from Fort Bridger, on the old Oregon
Emigrant Road, and soon passed over Muddy
Creek, near the present site of Carter, Uinta
County, Wyo. The fossil plants were found
somewhat farther north, on Little Muddy Creek,
near the present line between Uinta and Lin-
coln counties. Frémont’s description! of the
discovery of the fossil plants is as follows:

1 Frémont, J. C., Report of the exploring expedition to the Rocky
Mountains in the year 1842, and to Oregon and north California in the
years 1843—44: Twenty-eighth Cong., 2d sess., House Ex. Doc. 166, p.131,
1845.

August 19: A few miles from our encampment [of August
18] the road entered a high ridge connecting the Utah with
the Mud River chain; and in one of the hills near which
we passed I remarked strata of a conglomerate formation.
We crossed a ridge of this conglomerate and descended
upon one of the heads of Hams Fork, called Muddy, where
we made our midday halt. In the river hills at this place
I discovered strata of fossiliferous rock having an oolite
structure, which, in connection with the neighboring
strata, authorize us to believe that here, on the west side
of the Rocky Mountains, we find repeated the modern
formations of Great Britain and Europe, which have hith-
erto been wanting to complete the system of North Amer-
ican geology. * * *

In the afternoon we continued our road and, searching
among the hills a few miles up the stream and on the same
bank, I discovered among alternating beds of coal and
clay a stratum of white indurated clay containing very
clear and beautiful impressions of vegetable remains.
This was the most interesting fossil locality I had met in
the country, and I deeply regretted that time did not
permit me to remain a day or two in the vicinity. * * *
After remaining here only about an hour, T hurried off,
loaded with as many specimens as I could conveniently
carry.

These plants were referred to James Hall,
then paleontologist to the State of New York,
who named, described, and figured most of them
in an appendix to Frémont’s report. Hall also
gave the following additional information con-
cerning the locality, evidently derived from
Frémont’s notes:

Longitude 111°, latitude 41%4°, Muddy River: These
specimens are of a yellowish-gray oolitic limestone, con-
taining turbo, cerithium, etc. The rock is a perfect oolite
and, both in color and texture, can scarcely be distin-
guished from specimens of the Bath oolite. One of the
specimens is quite crystalline, and the oolitic structure
somewhat obscure. In this instance the few fossils ob-
served seem hardly sufficient to draw a decisive conclusion
regarding the age of the formation; but, when taken in
connection with the oolitic structure of the mass, its cor-:
respondence with the English oolites, and the modern
aspect of the whole, there remains less doubt of the pro-
priety of referring it to the oolitic period. A further col-
lection from this interesting locality would doubtless

1 Hall, James, Descriptions of organic remains collected by Capt. J. C.
Frémont in the geographical survey of Oregon and north California:
Idem, Appendix B, pp. 304-307, pls. 1, 2, 1845.
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develop a series of fossils which would forever settle the
question of the relative age of the formation.

A few miles up thisstream Capt. Frémont has collected a
beautiful series of specimens of fossil ferns. The rock is
an indurated clay, wholly destitute of carbonate of lime,
and would be termed a ‘‘fire clay.”” These are probably,
geologically as well as geographically, higher than the
oolite specimens, as the rocks at this place were observed
to dip in the direction of N. 65° W. at an angle of 20°.
This would show conclusively that the vegetable remains
occupy a higher position than the oolite. Associated with
these vegetable remains were found several beds of coal
differing in thickness.

The stratum containing the fossil ferns is about 20 feet,
thick, and above it are two beds of coal, each about 15
inches. These are succeeded by a bed of sandstone.
Below the bed containing the ferns there are three distinct
beds of coal, each separated by about 5 feet of clay.
Before examining the oolitic specimens just mentioned I
compared these fossil ferns with a large collection from
the coal measures of Pennsylvania and Ohio, and it was
quite evident that this formation could not be of the same
age. There are several specimens which I can only refer
to the Glossopteris phillipsii (see description), an oolitic
fossil; and this alone, with the general character of the
other species and the absence of the large stems so common
in the coal period, had led me to refer them to the oolitic
period. I conceive, however, that we have scarcely suffi-
cient evidence to justify this reference; and though among
the fossil shells there are none decidedly typical of the
oolite, yet neither are they so of any other formation; and
the lithological character of the mass is not reliable evi-
dence. Still, viewed in whatever light we please, these
fossil ferns must, I conceive, be regarded as mostly of new
species and in this respect form a very important addition
to the flora of the more modern geological periods.

From the foregoing statement it appears
that, although Hall tentatively referred these
plants to the Oolite—that is, to the Upper
Jurassic—as perhaps the best disposition that
could be made under the circumstances, he was
by no means certain of their age.

For more than 40 years after these plants
were described and figured by Hall they re-
mained in obscurity and practically lost. In
1887 I found some of them, including five of
the figured types, in the United States Na-
tional Museum. They were without adequate
labels and were thickly covered with dust and
mingled with other material of miscellaneous
and unknown origin. How they came into the
possession of the National Museum, or where
the rest of the collection is—if, indeed, it is in
existence—is not now known.

The great interest that attaches to these
plants was recognized by me, and as Prof. Leo
Lesquereux was at that time engaged in study-
ing and naming the miscellaneous fossil-plant
material in the National Museum, they were
sent to him for restudy, and his report was
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published! in 1888. Lesquereux changed a
number of Hall’'s generic references—for ex-
ample, Sphenopteris and Trichopteris to Thyr-
sopteris—but was evidently somewhat con-
fused by the presence of apparent dicotyledo-
nous leaves, which he forced into or com-
pared with certain genera of ferns and cycads.
He referred them to the Jurassic, his statement
being as follows: ‘“What seems to me to be
conclusive of the oolitic age of the plants is
the number of fragments of small ferns refer-
able to the genus Thyrsopteris, of which Heer
has described a number of species from the
Jurassic of Siberia.”

To return to the field relations of these
plants, it appears that none of the Govern-
ment expeditions that operated in this region
after the early explorations of Frémont had
happened to find the beds containing them,
though they are now known to be conspicuous.
A. C. Peale, of the Hayden Survey, studied the
region a few miles to the north of the Cumber-
land area during the field season of 1877. He
was therefore familiar in a general way with
the stratigraphy of this part of Wyoming, and
in 1898 he attempted to determine, in the office,
from Frémont’s account, the locality whence
these fossils came but was not able to reach a
satisfactory conclusion. The matter then
rested for several years, until 1905.

When A. C. Veatch, of the United States
Geological Survey, began his study of the coal
and oil fields of this general region, Peale
called his attention to this unique material
and to the desirability of determining the true
stratigraphic position of the original locality
and of procuring additional collections. From
the knowledge Veatch soon acquired of the
region, as well as from a careful consideration
of the original notes of Frémont and Hall
quoted above, the locality that furnished these
plants was determined to be on the south bank
of Little Muddy Creek, about 1 mile east of
the present town of Cumberland. The ac-
count of this rediscovery was first given by
Veatch? in a short article published in June,
1906, and mere at length in his formal report?
on the region in 1907.

1 Lesquereux, Leo, Recent determinations of fossil plants from Ken- -

| tucky, Louisiana, Oregon, etc., with descriptions of new species: U. S.

Nat. Mus. Proc., vol. 11, pp. 37, 38, 1888.

2 Veatch, A. C., Age and type locality of the supposed Jurassic fossils
collected north of Fort Bridger, Wyo., by Frémont in 1843: Am. Jour.
Sci., 4th ser., vol. 21, pp. 457-460, 1906.

8 Veatch, A. C., Geography and geology of a portion of southwestern
Wyoming: U. 8. Geol. Survey Prof. Paper 56, pp. 65-69, 1907.
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A. PLANT-BEARING SHALE IN FRONTIER FORMATION,"1 MILE EAST OF CUMBERLAND, WYO.
Photograph by T. W. Stanton.

B. WHITE PLANT-BEARING SHALE IN FRONTIER FORMATION SOUTH OF LITTLE MUDDY CREEK,
NEAR CUMBERLAND, WYO.

Probably very near the original Frémont locality. Photograph by T. W. Stanton.
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Veatch made a considerable collection of
plants on the north side of Little Muddy
Creek, in sec. 29, T. 19 N., R. 116 W., and in
this collection the matrix, as well as a number
of species, are absolutely identical with the
original material collected by Frémont and
preserved in the United States National
Museum. There can be no doubt, therefore,
that the beds from which Veatch’s collection
was obtained are not only at the same horizon
but at the same or approximately the same
locality as that which furnished the Frémont
collection of 1843.

STRATIGRAPHIC RELATIONS.

The plants described in this paper occur in
what is now known as the Frontier formation.
This formation was named by W. C. Knight !
in 1902 from the coal town of Frontier, near
which the beds are well exposed. It was
defined as being ‘‘composed of very thick beds
of compact sandstone, with shales and coals
having an approximate thickness of 2,000 feet.”’
Knight stated that it was characterized by the
presence of Ostrea soleniscus, a long, slender
oyster which has a maximum length of 12
inches, but subsequent study has shown that
this species also occurs several thousand feet
above the designated top of the Frontier forma-
tion.

The Frontier formation was further de-
scribed by Veatch 2 as follows:

The pronounced sandstone layer or group of sandstone
layers, occasionally conglomeratic and containing numer-
ous specimens of the elongate oyster mentioned, produces
a pronounced ridge, which was named Oyster Ridge by
Hayden in 1872. This name was adopted by the King
Survey and used on the maps of that organization. This
group of sandstones has therefore been named the Oyster
Ridge sandstone member of the Frontier formation. At
several places minor sandstones or oyster-bearing ridges
occur above the Oyster Ridge sandstone. * * * The
Oyster Ridge sandstone is generally about 200 feet thick.
Beneath the Oyster Ridge sandstone there are other sand-
stone layers, which produce pronounced ridges, but these,
except near the northern extremity of the map, are defi-
nitely separated from and not readily confused with the
main Oyster Ridge sandstone. The total thickness of
this formation ranges from 2,200 to 2,600 feet. It is ex-
posed along the east side of Mammoth Hollow throughout
this area, and on the west side north of Hams Fork and
between Little Muddy and Clear creeks. It outcrops
west of the great Absaroka fault from the Evanston-Fort
Bridger road south to Sulphur Creek.

1 Knight, W. C., Coal fields of southern Uinta County, Wyo.: Geol.
Soc. America Bull., vol. 13, pp. 542-544, 1902.

2Veatch, A. C., Geography and geology of a portion of southwestern
Wyoming: U. S. Geol. Survey Prof. Paper 56, p. 65, 1907.
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The stratum that undoubtedly supplied the
plants collected by Frémont and that was re-
discovered by Veatch is about 1,200 feet below
the top of the Oyster Ridge sandstone. It is
also below the several minor sandstone ridges
mentioned by Veatch. The fossiliferous layer
is a hard, brittle white clay only a few inches
thick, in the midst of white clay shales, which
in the exposure near Cumberland are about 30
feet thick. (See Pl. XXVII.) This almost
snow-white band of shales is very conspicuous
and may be traced for miles. The layer con-
taining the plants was found to be fossiliferous
at nearly every foot of its exposure, and in
some places it is literally packed with remains,
especially ferns, which, at least at the Cumber-
land locality, are the dominant types. This
great abundance of plants in the bed makes it
difficult to procure large or perfect specimens.

AGE OF THE FRONTIER FORMATION.

As already stated the plant-bearing bed dis-
covered by Frémont and now placed in the
Frontier formation was tentatively regarded
by Hall as of Jurassic age, and this reference
was accepted by Lesquereux, who restudied a
portion of the original collection in 1888. Long
before this date, however, the beds had come to
be recognized as belonging to the Upper Cre-
taceous. Thus, in 1870, when Hayden * gave
the name Oyster Ridge to the conspicuous
sandstone ridge near Sulphur Creek, he said:
“It [Oyster Ridge] is composed mostly of
gray and yellow-gray sandstone, capped with a
calcareous sandstone, filled with a small species
of Ostrea, and belongs, I think, to the upper
portion of the Cretaceous group—probably No.
5. This is a virtual reference to the Fox
Hills sandstone, though that term was not actu-
ally employed.

Later, however, Oyster Ridge was directly
referred to the Fox Hills by both the Hayden
and the King surveys, and it is so assigned on
the map of this region published by the King
Survey.

It is difficult to ascertain just when the
Oyster Ridge sandstone and the associated
sandstones, shales, and coals of the Frontier
formation were first regarded as of Colorado
age. At least as early as 1877 Meek * described
invertebrates that he recognized as of this age,

3 Hayden, F. V., Geology of the Missouri Valley: U. 8. Geol. Survey
Terr., Prel. Rept. for 1870, p. 149, 1871.
¢ Meek, F. B., U. 8. Geol. Expl. 40th Par. Rept., vol.4, pl. 1, p. 143, 1877.
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from the vicinity of Sulphur Creek, 3 miles
west of Oyster Ridge, where they occur in a
heavy sandstone which is the same as the
Oyster Ridge sandstone but is in the western
limb of the syncline.

This condition was also recognized and
briefly alluded to in 1892 by Stanton.! In a
longer paper puhlished the following year Stan-
ton 2 described a number of the invertebrates
from the Sulphur Creek area which he regarded
as of undoubted Colorado age.

Although Knight,® when he named the Fron-
tier formation, did not definitely fix its age, he
took occasion to say that he could “not find a
Fox Hills fauna such as is common to the Fox
Hills of the eastern part of Wyoming” and, at
least by inference, placed it lower than Fox
Hills. Veatch ¢ also obtained evidence which
in his opinion strengthened the reference of the
formation to the Colorado. He also mentions
the discovery of numerous specimens of Inoce-
ramus exogyroides, an invertebrate held to be
of Benton age, 3,000 feet above the top of the
formation, or approximately in the middle of the
overlying Hilliard formation. Mr. Stanton in-
forms me that he has since procured a dis-
tinctly Benton fauna from the same sandstone
lentil from which Veatch collected, in the Hil-
liard formation about 3,000 feet above its base.
Mr. Stanton has been kind enough to supply
the following account of the invertebrates and
their occurrence:

The evidence from the invertebrate faunas that the
Frontier formation and the lower half of the Hilliard forma-
tion are of the age of the Colorado group was presented by
Veatchs in 1907. Most of the Frontier invertebrates then
known came from the upper part of the formation and from
localities near the Union Pacific Railroad, 20 to 30 miles
south of Cumberland. They include a number of very
characteristic Colorado group species, which, in connection
with the known stratigraphic relations and the fauna of the
underlying beds, justified the reference of the whole
Frontier formation, including the plant-bearing bed near
Cumberland, to the Colorado group.

Later collections and observations have confirmed and
strengthened the evidence for the Colorado age of both the
Frontier formation and the lower 3,000 feet or more of the
overlying Hilliard formation, and they have a more direct

bearing on the age of the plant bed because their relations
to it are definitely determined. The white shales associ-

1 Stanton, T. W., The stratigraphic position of the Bear River forma-
tion: Am. Jour. Sci., 3d ser., vol. 43, p. 105, 1892.

2 Stanton, T. W., The Colorado formation and its invertebrate fauna:
U. 8. Geol. Survey Bull. 106, 1893.

3 Knight, W. C., Coal fields of Southern Uinta County, Wyo.: Geol
Soc. America Bull., vol. 13, p. 543, 1902.

4Veatch, A. C., Geography and geology of a portion of southwestern
‘Wyoming: U. 8. Geol. Survey Prof. Paper 56, p. 69, 1907.

6 Veatch, A. C., op. cit., pp. 66-68, 71, 72.
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ated with the plant bed may be traced along the strike for
many miles north and south of Cumberland. Tothenorth
they have been recognized near Glencoe, Oakley, and as
far as Kemmerer, holding the same position far beneath the
Kemmerer coal, which is mined at all these places. Two
collections received from the late Robert Forrester have
been identified as follows:

120 feet above Kemmerer coal, near Oakley, Wyo.:
Ostrea sp.
Inoceramus related to I. deformis Meek.
Inoceramus sp.
Veniella goniphora Meek.
Baculites gracilis Shumard?
Scaphites ventricosus Meek and Hayden?

Roof of Kemmerer coal, Glencoe mine, Glencoe, Wyo.:
Ostrea sp.
Avicula gastrodes Meek.
Inoceramus labiatus Schlotheim?
Nemodon? sp.
Cardium pauperculum Meek.
Mactra? sp.
Corbula sp.
Melania? sp.
Scaphites ventricosus Meek and Hayden.

All the identified forms in these two lots are character-
istic of the fauna of the Colorado group, and most of them
in other regions would indicate the upper part of the group,
but in this western Wyoming area the Upper Cretaceous
sediments are abnormally thick and many species seem to
have an unusual vertical range, indicating rapid sedimen-
tation. Thus the sandstone lentils near the middle of the
Hilliard formation about 3 miles northwest of Kemmerer,
though fully 3,000 feet above the horizon of the two collec-
tions last mentioned, still yield a characteristic Colorado
fauna. Veatchrecorded the presence of Inoceramus exogy-
roides in these lentils and correctly assigned the beds to the
Colorado group. In1913 I collected from these sandstones,
which, according to Veatch, lie from 3,000 to 3,800 feet
above the base of the Hilliard formation, the following
species:

Ostrea soleniscus Meek.

Avicula gastrodes Meek?

Inoceramus umbonatus Meek and Hayden.
Inoceramus exogyroides Meek and Hayden.
Inoceramus cf. I. undabundus Meek and Hayden.
Inoceramus fragilis Hall and Meek?

Cardium pauperculum Meek.

Cyprimeria? sp.

Donax oblonga Stanton.

Tellina? sp.

Mactra emmonsi Meek.

Mactra sp.

Martesia? sp.

Pugnellus fusiformis (Meek).

Placenticeras sp. cf. P. pseudoplacenta Hyatt.

None of the species in this list is known to rangeabove
the Colorado group. Thefirsttwo species of Inoceramus are
especially abundant and are characteristic of a horizon
near the top of the Colorado not far below the Eagle sand-
stone on Missouri River below Fort Benton, Mont. The
Donax and the Pugnellus are equally characteristic of a
sandstone in the Colorado group above the principal coal
bed at Coalville, Utah.
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The evidence of the plants as to the age of the
beds containing them was first believed to be in
substantial accord with that of the inverte-
brates. In my report® on the plants collected
by Veatch I made the following statement re-
garding their position: ‘‘The age, so far as I am
able to fix it, is the lower part of the Upper Cre-
taceous, about the position of the Turonian,
possibly a little lower.”

The Colorado age of the Frontier formation,
as based on stratigraphic position and the evi-
dence of the invertebrates, is here accepted. It
is but fair to state, however, that the critical
study of the plants does not lend conclusive
support to their reference to the Colorado. In-
asmuch as practically all the forms are new to
science, the interpretation of their bearing on
the question of age must be made through
their affinities, and these, so far as they can be
made out, appear to favor a position strati-
graphically higher than the Colorado. This
evidence may be briefly reviewed as follows:

The spleenwort (Asplenium occidentale) be-
longs to the same group as and is pretty closely
related to an unpublished species from the
Farmington sandstone member of the Kirt-
land shale (Montana group) of San Juan
County, N. Mex. The shield fern (Dryopteris
coloradensis) is strongly suggestive of an un-
published species from the Vermejo formation
of the Raton Mesa region of Colorado and New
Mexico. The Anemia is very closely related to
and perhaps identical with a species common in
the Eocene of Europe but also reported from the
Montana at Point of Rocks, Wyo. Among the
dicotyledons, Cinnamomum hesperium is hardly
distinguishable, except in size, from Cinnamo-
mum wardi, from the upper part of the Ada-
ville formation at Hodges Pass, a few miles
north of the Cumberland localities. Dewalquea
pulchelle and Dryandroides lanceolata are so
close to Dewalquea insignis and Dryandroides
quercinea, respectively, from the Upper Seno-
nian of Westphalia, that it is perhaps doubtful
if they should be maintained as distinct.
Quercus stantoni is very similar to Quercus
Jformosa, also from the Senonian of Westphalia.
Ficus fremonti agrees in shape with Ficus
proteoides Lesquereux, and in shape, size, and
nervation with Ficus lanceolata acuminata
Ettingshausen, as figured by Lesquereux, from

1 Knowlton, F. H.,in Veatch, A. C., Age and typelocalities of supposed
Jurassic fossils collected north of Fort Bridger, Wyo., by Frémont in 1843:
Am. Jour. Sci., 4th ser., vol. 21, p. 459, 1906.
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the Dakota sandstone. This is the only species
that appears to show any special likeness to
forms from beds whose position is lower than
that assigned to the plant beds at Cumberland.

The foregoing is not the only evidence for
assigning the Frontier formation to a position
higher than the Colorado, though the additional
evidence is not so strong as it was supposed at
one time to be. In 1907 A. R. Schultz, of the
United States Geological Survey, began an
investigation of the coal resources of the so-
called Rock Springs dome, about 75 miles east
of the Cumberland area. Incidentally to this
study Schultz procured a number of very inter-
esting collections of fossil plants, mainly from
thin, indurated clay partings in coal. The age
of these plants has been fixed as near the middle
of the Mesaverde formation (Montana group),
in what has been called the Rock Springs coal
group. The most abundant plants are ferns of
the genera Gleichenia and Anemia, and the
dicotyledons are comparatively few. This
flora has a facies strikingly similar to that of
the flora from the Frontier formation, and as
several species appeared to be in common, I
held that the plant-bearing beds at Cumberland
and Rock Springs were identical in age. A
critical study of the Frontier flora, however,
discloses the fact that there are apparently no
dicotyledons and few if any ferns common to
the two areas.

GENERAL FEATURES OF THE FLORA.
SPECIES NOW RECOGNIZED.

Before proceeding to a discussion of the
various aspects of this flora, it will be of interest
to present the following complete list of the
forms now recognized:

Tapeinidium? undulatum (Hall) n. comb.
Microtaenia variabilis n. gen. and n. sp.
Microtaenia paucifolia (Hall) n. comb.
Dennstaedtia? fremonti (Hall) n. comb.
Dryopteris coloradensis n. sp.
Asplenium occidentale n. sp.

Anemia fremonti n. sp.

Equisetum sp.

Smilax? coloradensis n. sp.

Myrica nervosa n. sp.

Salix cumberlandensis n. sp.

Salix frontierensis n. sp.

Quercus stantoni n. sp.

Ficus fremonti n. sp.

Ficus? sp.

Ficus? sp.

Cinnamomum hesperium n. sp.
Cinnamomum? sp.
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Dryandroides lanceolata n. sp.
Aralia veatchii n. sp.
Staphylea? fremonti n. sp.
Dewalquea pulchella n. sp.
Phyllites ficifolia n. sp.
Phyllites dentata n. sp.
Phyllites.

LOCALITIES AND COLLECTORS.

1. Probably on the south bank of Little
Muddy Creek about 1 mile east of the present
town of Cumberland, Wyo. Collected by J. C.
Frémont August 19, 1843. Below is a list of
the species described by Hall with their present
disposition:

Sphenopteris fremonti Hall=Dennstaedtia? fremonti.

Sphenopteris triloba Hall=Microtaenia paucifolia.

Sphenopteris? paucifolia Hall=Microtaenia paucifolia.

Sphenopteris? trifoliata Hall.

Glossopteris phillipsi?=Ficus fremonti.

Pecopteris undulata Hall=Tapeinidium? undulatum.

Pecopteris undulata var.=Tapeinidium? undulatum.

Pecopteris? odontopteroides Hall=Tapeinidium? undula-
tum.

Trichopteris filamentosa Hall =rootlets of ferns.

Trichopteris gracilis Hall=rootlets of ferns.

Leaf of dicotyledonous plant?=Phyllites fremonti Unger.!

2. North branch of Little Muddy Creek 1 mile
east of Cumberland, Wyo. Collected by A. C.
Veatch August 3, 1906.

Tapeinidium? undulatum.
Dryopteris coloradensis.
Equisetum sp.

Aralia veatchii.
Dewalquea pulchella.

3. Approximately same locality as No. 2.
Collected by T. W. Stanton and F. H. Knowlton
August 5, 1908.

Tapeinidium? undulatum.
Microtaenia variabilis.

Microtaenia paucifolia.
Dennstaedtia? fremonti.
Asplenium occidentale.

Anemia fremonti.

Ficus fremonti.

Staphylea? fremonti.

Phyllites ficifolia.

Insect mine in leaflet of Staphylea.

4. Mine No. 1, Cumberland, Wyo.
by F. H. Knowlton August 6, 1908.

Smilax? coloradensis.

Collected

1 This is apparently not from the Frontier formation but probably
from the Green River formation 40 or 50 miles east of the Cumberland
locality. (See p. 94.)
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5. About half a mile east of Cumberland,
Wyo. Collected by T. W. Stanton and F. H.
Knowlton August 5, 1908.

Ficus? sp.
Ficus? sp.
Cinnamomum? sp.

6. About 1 mile east of Cumberland, Wyo.
Same horizon as principal Cumberland locality
but at a slightly different point. Collected by
A. C. Peale August 18, 1909.

Ficus fremonti.
Aralia veatchii.

7. About 1} miles south of Cumberland,
Wyo., in the SE. 1 sec. 6, T. 18 N., R. 116 W.
Same horizon as locality 1 mile east of Cumber-
land, and probably near the original Frémont
locality. Collected by T. W. Stanton Sep-
tember 1, 1913.

Tapeinidium? undulatum.
Myrica nervosa.
Salix cumberlandensis:
Salix.
Quercus stantoni.
Ficus fremonti.
Cinnamomum hesperium.

- Dryandroides lanceolatum.
Phyllites dentata.
Phyllites.

8. About 1 mile east of Oakley and 3 miles
southeast of Kemmerer, Wyo., in the SW. }
sec. 3, T. 21 N., R. 115 W. Collected by T. W.
Stanton September 2, 1913.

Ficus fremonti.
Quercus stantoni.
Fragments of dicotyledons, not determinable.

BIOLOGIC ASPECTS OF THE FLORA.

The known flora from the Frontier forma-
tion near Cumberland embraces 25 forms, of
which 7 are ferns, 1 an Equisetum, 1 a mono-
cotyledon (Smilaz), and the remaining 16
dicotyledons. As regards the relative abun-
dance of the different types, it is probable that
the ferns outnumber the other forms by perhaps
two to one. Several of the dicotyledons are
based on single specimens, but there is hardly
a piece of matrix without fragments of ferns.

The first four species of ferns enumerated
in the list on page 77 possess great biologic
interest. They form a natural group that,
from their peculiar and well-marked type of
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fructification, marks them as being undoubt-
edly davallioid—that is, clearly allied to the
group of mainly tropical ferns of which the
genus Davallia is the central form. They are
entirely unlike anything now living in the
New World and appear to find their closest
relatives among species now living in Poly-
nesia. Thus the Tapeinidium, although far
from being conspecific with any living form of
the genus, appears to be most closely related to
Tapeinidium pinnatum(Cavanilles) C. Christen-
sen, a species widely dispersed in Malaysia and
Polynesia. The two species called Microtaenia
are so wholly unlike any living or fossil form
known that it has been necessary to create a
new genus for their reception. They are very
abundant in individuals, showing that they
formed a well-established element in the
Frontier flora. The species referred to Denn-
staedtia is not so well established as either of
the first three forms in the list and is based on a
few fragments that may possibly represent an
extreme modification of Microtaenia pauci-
Jolia. The genus Dennstaedtia is a large
group comprising more than 60 species. They
are of wide, mainly tropical distribution, only
one species (D. punctilobula), the so-called hay-
scented fern, inhabiting North America; this
species is quite unlike the fossil form under
discussion.

The single species of shield fern (Dryop-
teris) is of an ordinary type, but the spleen-
wort (Asplenium occidentale) belongs in the
group of living species of which A. hemitonites
Linné is the type. Amemia is also a large
genus of almost exclusively tropical American
forms, only two inhabiting the United States—
one in peninsular Florida, the other in south-
ern Texas and extending into adjacent parts
of Mexico.

The horse-tail (Equisetum sp.) is so poorly
represented that it has little value beyond
indicating the presence of this type of vege-
tation.

The smilax, the only form referred to the
monocotyledons, is based on a single specimen
and is of doubtful biologic value.

The dicotyledons are represented by a num-
ber of well-known types. They include a
coriaceous-leaved waxberry (Myrica), two
willows (Saliz), and a small-leaved oak (Quer-
cus), all of which are very modern in appear-
ance. The named species of fig (Ficus fre-
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monti) is so placed on account of its general
resemblance to and affinity with certain de-
scribed fossil species, and not on account of its
relationship with living members of the genus.
Ficus is a vast, mainly tropical group com-
prising over 600 species. The named form re-
ferred to Cinnamomum, the well-known cinna-
mon tree, is of the type of an unidentified
living species from China. The genus is not
now a native of the New World, its center of
distribution being tropical and subtropical
portions of southeastern Asia. The species of
Dryandroides, if correctly placed, is of im-
portance as showing the presence of the
Proteaceae in this country during early Upper
Cretaceous time, but it is so fragmentary
that T can not be certain of its position.

PHYSICAL AND CLIMATIC CONDITIONS
INDICATED.

From the facts now available it appears un-
questionable that at least the major portion
of the Frontier formation was laid down in
fresh water. This is proved by the numerous,
thick, and widespread beds of coal it contains.
The coal swamps of that epoch, which must
have been of wide extent and long duration,
might well have been and doubtless were but
little above sea level, for sandstones contain-
ing oysters occur both below and above cer-
tain of the coal beds, showing slight oscilla-
tion that permitted the access of at least
brackish water. No strictly marine organisms
are known. About 1,000 feet below the top of
the formation there are several thick beds of
unios which indicate that the water at that
time was fresh. There is nothing in the flora
to indicate that any of its members required
or indeed could tolerate a saline habitat; on the
contrary, they could have found a congenial
home only in or near fresh-water swamps and
forests.

The climate during Frontier time appears to
have been tropical or subtropical, as is shown
in a number of ways. Thus, one of the most
abundant of the ferns (Tapeinidium) was in-
determinate in growth, a condition that could
survive to the extent here indicated only in
the absence of frosts. The most abundant
elements in this flora are the ferns, and of these
the davallioid forms (Tapeinidium, Micro-
taemia, and Dennstaedtia), to which may be
added the Anemia, all call for a tropical or
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subtropical habitat. The spleenwort (Asple-
nium), if its affinity has been correctly inter-
preted, likewise calls for at least a subtropical
setting, as does the single shield fern (Dryop-
teris). . The smilax is too incompletely known
to permit a generalization concerning its cli-
matic environment, though it must have been
as warm as warm temperate and might well
enough have been still warmer. The wax-
berry (Myrica), the oak (Quercus), and the
willows (Saliz), on the other hand, might not
be out of place in a temperate region, but the
figs (flicus) and the cinnamon trees (Cinna-
momum) certainly required a tropical or sub-
tropical location.

EVIDENCE OF INSECTS IN FRONTIER TIME.

An interesting though very meager frag-
ment of information concerning the insect life
of Frontier time has resulted from this study.
Evidence of the presence of insects was noted
on two leaves. One of these leaves (see Pl.
XXXV, fig. 5), now named Ficus fremonti, was
found by Frémont and is fortunately one of
those in the collection of the United States
National Museum. This specimen was figured
by Hall,' who noted the presence of a cluster
of circular bodies on one side of the leaf. He
was uncertain as to the nature of these bodies,
and as he had referred the leaf to Glossopteris
phillipsi, a fern, he suggested that they might
possibly represent the fruiting stage, though
he adds: ““This structure is so partial that it
can only with doubt be referred to the fructifi-
cation of the plant; and it is not improbable
that the same may be some parasitic body or
the eggs of an insect which have been deposited
upon the leaf.” This specimen was shown to
Dr. August Busck, of the Bureau of Ento-
mology, who at once recognized these circular
bodies as an undoubted insect egg mass, prob-
ably of a microlepidopterous insect.

The other specimen, shown in Plate XXXIII,
figure 5, is a leaflet of Staphylea? fremonti
in which a symmetrically looping mine has
been made in the leaf substance by an insect
larva. This Dr. Busck pronounced also to be
the work of a microlepidopter, possibly be-
longing to the genus Phylloenistis. The mine
appears to increase slightly in size from the

1 Hall, James, in Frémont, J. C., Report of the exploring expedition
to the Rocky Mountains in the year 1842, and to Oregon and North
California in the years 1843-44: Twenty-eighth Cong., 2d sess., House
Executive Doc. 166, pl. 2, figs. 5b, 5¢, 1845.
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apex of the leaflet toward the base, the exit
being the basal margin next to the midrib.
The work of this Frontier insect is absolutely
similar in character to that of forms nowliving,
a fact which would seem to indicate that the
habits of life have persisted with no observable
change from middle Cretaceous time to the
present.
THE FLORA.
Family POLYPODIACEAE.?
Tapeinidium? undulatum (Hall) Knowlton, n. comb.
Plate XXVIII, figures 1-4.

Pecopteris undulata Hall, in Frémont, Report of the
exploring expedition to the Rocky Mountains in
1842, etc., Appendix B, p. 306, pl. 1, figs. 1a, 1b,

1845.

Pecopteris undulata Hall, var., idem, p. 306, pl. 1, figs.
2, 2a, 2b.

Pecopteris? odontopteroides Hall, idem, p. 306, pl. 1, figs.
3, 4.

Outline and habit of whole frond not known
but presumed to be simply pinnate, lanceolate
in outline, gradually narrowed to the apex
(base not seen) ; rachis strong, ridged, in places
slightly - winged; pinnae numerous, at right
angles to the rachis, sessile, linear in general
outline, sharp-pointed at apex, cut in varying
degree into numerous rounded, slightly oblique
or fan-shaped lobes which are entire or slightly
erose-dentate; the lobes decrease in size api-
cally, becoming merely undulations, the tip
being almost or quite entire; upper pinnae
reduced in size, with undulate or almost entire
margins; nervation of pinnae consisting of a
very strong, grooved midvein, the lobes pro-
vided with a thin, delicate midvein and usually
about three pairs of once-forked veins.

This species is exceedingly abundant, proba-
bly the most abundant plant found in these beds,
as there is hardly a piece of matrix that does not
contain a fragment. In spite of its abundance,
however, it is very rarely that specimens of
considerable size and completeness are pro-
cured. It was apparently very brittle and
easily broken up before it was entombed. The
most complete example thus far found is that
shown in figure 3, which has a preserved length
of 12 centimeters but was undoubtedly con-
siderably longer than this when perfect. The

2 In the study of the ferns, especially the first four species, I have had
the benefit of the assistance and critical judgment of Mr. W. R. Maxon,
of the United States National Museum. My thanks are due to Mr.

Maxon for detecting and pointing out affinities and interrelationships
that would otherwise have been overlooked.
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width, of course, varies according to the posi-
tion in the frond, the maximum width being
6 or 8 centimeters. In the upper part of the
frond the pinnae are continuous, but in the
middle and lower parts some of them are
separated by a distance of once or twice their
width.

An interesting feature connected with the
manner of growth in this fern is that it appears
to be indeterminate in growth—that is, the
apical bud continued active and the frond con-
tinued to grow indefinitely. This is a condi-
tion not unknown among living ferns, though
its recorded occurrences are not numerous. It
is presumed to occur, at least to a noticeable
degree, only in ferns of a tropical habitat,
where absence of frost would permit the deli-
cate growing tip to survive.

It has been difficult to place this fern bio-
logically, and for information and advice con-
cerning its position I am greatly indebted to
Mr. W. R. Maxon, of the United States Na-
tional Museum. It has, at least superficially,
some features of resemblance to Gleichenia,
such as the size and shape of the pinnae and
the thin right-angled insertion on the rachis,
but on closer inspection it is seen that the lobes
or segments of the pinnae are really oblique or
somewhat unequal-sided. The forked veins
also exclude the present form from Gleichenia.

In. habit this form somewhat approaches
certain species of Dryopteris, but, all things con-
sidered, its characteristic features appear to be
davallioid and to approach most closely those
of Tapeinidium, a small genus of fern species
of pinnate form, mainly natives of the Poly-
nesian Islands. ’

Although Hall described this fern under two
specific names and one varietal name, the dis-
tinctions are based mainly on size and it is not
believed that they can be maintained. Thus
the type of his Pecopteris undulate (his Pl. I,
fig. 1a) is evidently a segment from the middle
part of a large frond, where the pinnae are
separated by a considerable interval, as shown
in Plate XXVIII, figures 1 and 4. Hall’s Pecop-
teris 2 odontopteroides (his P1. I, figs. 3, 4) is based
on small pinnae with undulate or slightly cut
margins that can be duplicated in the upper por-
tion of the frond shown in Plate XX VIII, figure
3. The form described by Hall as a variety of
Pecopteris undulata (his P1. I, fig. 2) is also a seg-
ment from the middle or lower part of a very
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large frond, and the pinnae, although broader
than any others noted, are not cut so deeply by
the lobes as many smaller ones. If it has been
correctly drawn, however, it appears to be
slightly different from the normal forms, but
even so it is hardly entitled to separate recog-
nition. The other specimens referred to this
variety (Hall’s PL. I, figs. 2a, 2b) are clearly
segments with nearly entire pinnae from near
the apex of a frond of the normal type.

The nervation of the pinnules shown by Hall
in his Plate I, figures 1b and 2a, is incorrect,
as the lateral nerves are shown as simple and
unforked, although he describes the veins in
the text as forking. As may be seen from the
enlargement shown in figure 2a, the nervation
consists of a thin, delicate midvein and two or
three pairs of once-forking veins.

The only specimen of the original Frémont
collection known to be extant is one of the
types of Pecopteris? odontopteroides, figured by
Hall in his Plate I, figure 4. It is No. 30848
of the United States National Museum collec-
tions.

Occurrence: Frontier formation, about 1 mile
east of Cumberland, Wyo. Collected originally
by J. C. Frémont August 19, 1843. Subse-
quently collected by A. C. Veatch in 1906 and
by F. H. Knowlton and T. W. Stanton in 1908.

Genus MICROTAENTA ! Knowlton, n. gen.

Small davallioid, pinnate herbaceous ferns,
with close, linear, acute pinnules; lower pin-
nules barren, entire or slightly crenulate-mar-
gined; middle pinnules incompletely fertile;
upper ones more completely or wholly fertile,
reduced, becoming undulate, then cut nearly
to the midvein into sharp-pointed lobes; sori
large, terminal, somewhat elongate, occupying
the whole of the tips of the lobes.

Type, Microtaenia variabilis.

Microtaenia variabilis Knowlton, n. sp.
Plate XXIX, figures 1-4a.

Size and shape of whole frond unknown but
apparently at least bipinnate, the divisions
(frond ?) lanceolate in outline, narrowed at base,
acutish at apex; rachis slender, distinctly sul-
cate; segments or pinnules numerous, approxi-
mately at right angles to the rachis, close to

1 From pwpos, small, and rawwa, Latin taenia, a ribbon, in allusion to
the narrow, ribbon-like pinnules.
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distant, linear and grasslike in shape, slenderly
acuminate at apex, truncate or very slightly
heart-shaped or halberd-shaped at base, closely
sessile; lower barren pinnae entire or very
slightly undulate; middle pinnules incom-
pletely fertile, the fertile portion reduced, cut
nearly to the midvein into sharp-pointed lobes;
sori terminal or elongate, occupying nearly the
whole outer part of the lobe; nervation of pin-
nules obscure, consisting of a very strong,
sulcate midvein and apparently delicate, once-
forked lateral veins which are at a low, almost
right angle with the midvein.

This very strongly marked type is repre-
sented by a large number of specimens, some of
which, it will be seen, are exceptionally well
preserved. In spite of the profusion of speci-
mens, however, none are so complete as to give
incontestable evidence as to the size and shape
of the whole frond, though it appears to have
been at least bipinnate. The two largest seg-
ments preserved, shown in figures 1 and 2, are
from the lowest portion of the frond, but
neither quite reaches the base. They are nar-
rowly lanceolate in outline, narrowing below
to their point of attachment. Another speci-
men not figured shows that the apex also nar-
rows and becomes acutish. The largest of the
segments has a preserved length of 10 centi-
meters and a maximum width of about 4
centimeters. Its full length was probably not
less than 15 or 18 centimeters.

The pinnules are all approximately at right
angles to the rachis. In the specimen shown
in figure 2, which must be very near the base of
the frond, the pinnules are close together, but
in the upper portion they become more distant,
and in the specimen shown in figure 1 they are
separated by more than the width of the pin-
nules. In other specimens, such as those shown
on the left of figure 2 and in figure 4, the pin-
nules are separated by two or three times their
width. The pinnules clearly are more distant

in the middle and upper portions, where the
frond is becoming fertile.

Most of the barren pinnules are entire or
nearly so, as shown, for instance, in figure 1,
but a tendency to variation is constantly mani—
fest. Thus, in figure 2, which to all intents and
purposes is about the same as figure 1, the
pinnules show a decided tendency to be undu-
late margined and some of them to become dis-
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tinetly lobed near the tips. In the fragmentary
specimen on the left of the stone shown in
figure 2 the exceedingly long, narrow pinnule
is lobed up to the point where it becomes
fertile, as are the other, broken pinnules,
though the undulate lobed to strongly cut
fertile portions are well shown in figure 3.
None of these pinnules is completely fertile,
each having a short barren, undulate-lobed
portion near the base. In the specimen shown
in figure 4a the whole of the pinnule has be-
come fertile.

The sori are perhaps best shown in figure 3.
They are seen to be terminal and somewhat
elongate and to occupy the whole of the tips of
the lobes.

The relationships of this fern are not easy to
determine. That it is extremely variable in a
number of particulars has been brought out in
the above discussion. In certain specimens in
which the barren pinnules are more or less
undulate lobed this species appears to approach
what is here called Tapeinidium? undulatum.
Some specimens of that species have pinnules
only slightly lobed and are almost impossible
to distinguish from the present form. The
character of the midvein is exactly the same in
both forms—that is, it is strong and deeply
sulcate, thus producing the appearance of two
lines when seen from the upper side of the
pinnule.

So far as can be learned by study of the
figures given by Hall and such of the original
material as is now accessible, Frémont did not
collect specimens of Microtaenia variabilis un-
less the fertile upper portion of Hall's Sphenop-
teris triloba (his Pl II, fig. 2) is an isolated
fragment of a pinnule.

Occurrence: Frontier formation, 1% miles
east of Cumberland, Wyo. Collected by F. H.
Knowlton and T. W. Stanton August 5, 1908.

Microtaenia paucifolia (Hall) Knowlton, n. comb.

Plate XXX, figures 1, 2.

Sphenopteris? paucifolia Hall, in Frémont, op. cit., Ap—
pendix B, p. 304, pl. 2, figs. 1, 1a, b, c, d.

Sphenopteris? trifoliata Hall, 1dem pl. 2, fig. 2

Similar in general effect to the type species
but evidently more finely divided, probably
tripinnatified, the rachis much more slender;
complete barren pinnules not seen; basal barren
portion of fertile pinnules strongly undulate
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lobed; fertile pinnules very short, with only
two or three lobes on each side; sori terminal,
occupying the whole of the tip.

There is more or less uncertainty regarding
the status of this form. It is represented by
only four or five very fragmentary specimens,
all of which show the fertile pinnules but give
very little evidence regarding the barren por-
tions. In the first place, it appears to be more
finely divided than M. variabilis, as shown in
one of Hall’s figures (his P1.II, fig. 1) of Sphenop-
teris? paucifolia, though none of the recent
specimens is sufficiently complete to show this
feature. The specimen shown in Hall's figure
is certainly tripinnatified, with the pinnules
short and very much reduced.

The only evidence regarding the character of
the barren pinnules is shown in figure 2, where
the basal portions of three or four of the lower
pinnules are seen to be undulate lobed before
they pass into the deeply lobed, fertile portion.

The specimen named Sphenopteris triloba by
Hall is probably only a smaller and more
reduced state of 8. paucifolia in which the
fertile lobes are reduced to three. It may be
that the pinnules are broken at the tips, but
as the specimen is not now known to be extant,
it is impossible to settle this point.

In the upper portion of Hall’s figure 2 he
shows the axis apparently passing into a
fertile portion (enlarged in his fig. 2d), but this
portion is only accidentally in that position and
has no organic connection with the rest of
the specimen. It appears to be an isolated
fragment of a fertile pinnule of M. variabilis.

Occurrence: Frontier formation, 1% miles
east of Cumberland, Wyo. Collected by F. H.
Knowlton and T. W. Stanton August 5, 1908.

Dennstaedtia? fremonti (Hall) Knowlton, n. comb.
Plate XXX, figure 5; Plate XXXI, figure 1.

Sphenopteris fremontt Hall, in Frémont, op. cit., Appendix
B, p. 304, pl. 2, figs. 3, 3a.

Size and shape of whole frond unknown but
probably at least tripinnate or tripinnatified;
main rachis exceedingly strong, ridged; pinnae
approximately at right angles to the rachis,
linear or lanceolate, with the secondary rachis
sulcate; pinnules rather remote, subovate,
somewhat decurrent at base, about three or
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four lobed; sori large, terminal on the tips of
the lobes.

This form is represented by so few and so
fragmentary specimens that it must stand as
insufficiently characterized. The most im-
portant features that can be made out are the
exceedingly thick main rachis; small, few-
lobed pinnules; and rather large, terminal sori.

As regards the probable affinity of this form
the best that can be said is that it is undoubt-
edly a davallioid fern, which as a matter of
convenience is tentatively referred to the genus
Dennstaedtia.

Occurrence: Frontier formation, about 1 mile
east of Cumberland, Wyo. Collected by J. C.
Frémont August 19, 1843, and by F. H.
Knowlton and T. W. Stanton August 5, 1908.

Dryopteris coloradensis Knowlton, n. sp.
Plate XXX, figures 3, 4.

Outline of whole frond not known but evi-
dently of large size and at least bipinnatified;
rachis strong, round; pinnules at an angle of
about 30°, alternate, rather remote, linear-
lanceolate, acuminate at apex, broadest at base,
sessile, cut more than half the distance to the
secondary rachis into numerous close, slightly
scythe-shaped, obtusely pointed, or somewhat
acute lobes; small upper lobes entire, larger
lobes uneven or in places sharply serrate;
secondary rachis slender; nervation of the lobes
consisting of a thin, slightly flexuose midvein
and five or six pairs of delicate, once-forked
veins, the fork occurring just above the mid-
vein; fructification not seen.

This form is represented by several pieces,
two of the most complete of which are figured.
From the presence of large pieces of stems
intermingled with the fronds and presumed to
belong with them, it is assumed that this fern
was probably of large size, but the direct
evidence is only sufficient to say that it is at
least bipinnatified. Under the circumstances
measurements are of comparatively little value,
though it may be stated that the pinnules
range from 5 or 6 to 10 centimeters or more in
length and from 8 to 18 millimeters in width.

Occurrence: Frontier formation, about 1 mile
east of Cumberland, Wyo. Collected by A. C.
Veatch in 1906.
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Asplenium occidentale Knowlton, n. sp.
Plate XXXI, figures 2-5.

Although this form is represented by a large
number of specimens, they are all so frag-
mentary and disconnected that it is impossible
to gain an adequate conception of the frond as
a whole. Under the circumstances it seems
best simply to figure a number of the best-
preserved fragments and describe them as fully
as possible, but to leave to the future its
definite allocation. It was evidently a fern
of considerable size, as may be seen from the
example shown in figure 4. This has a pre-
served length of 7 centimeters and a width of
3.5 centimeters but was probably considerably
larger. The margin is undulate-lobed and has
a few fine, sharp teeth. The apex in other
specimens is shown to be strongly toothed.
The nervation consists of a very stout midvein
and strong veins that arise at an angle of
probably 40° but curve outward until they are
nearly at right angles to the midvein. The
veins fork usually very close to the midvein
and once or twice above. .

The specimen shown in figure 2 consists of
two pinnules attached to a minute piece of
the rachis. Each is rounded on the lower side,
so that they produce together a deeply heart-
shaped base. The tip of the left-hand pinnule
shows the strong teeth above mentioned.

In figure 5 two examples are shown; the
lower is about the size of the one last described,
the upper much smaller. The margin of the
upper one is strongly undulate-toothed, be-
coming in the upright segment almost lobed.
The nervation is of the same character as that
in the large example (fig. 4), described above,
except that there is usually only one fork in
the nerves and this is near the midvein.

On account of the uncertainty attending
the assignment of this form it is ebviously un-
wise to attempt comparisons with either living
or fossil species. It is placed in the genus
Asplenium on the ground of its resemblance—
fancied or real—to the living Asplenium hemi-
onites Linné, but more complete material will
be necessary before its status can be fixed. It
is believed, however, that enough of it is here
described and figured to permit its subsequent
recognition, not only in the Frontier formation
but elsewhere.

Occurrence: Frontier formation, 1 mile east
of Cumberland, Wyo. Collected by F. H.
Knowlton and T. W. Stanton in 1908.
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. Family SCHIZAEACEAE.
Anemia fremonti Knowlton, n. sp.
Plate XXXI, figure 6; Plate XXXII, figures 1-3.

Outline of whole front not known; stipe
long, slender, dichotomous; frond bipinnate,
possibly tripinnate; pinnae narrowly deltoid;
pinnules arising at an acute angle, linear-lance-
olate, sessile and decurrent or lower ones nearly
free; pinnules cut, especially near the base,
into deep, sharp-toothed, entire, forward-
pointing lobes, which decrease apically so that
the terminal fourth is entire or merely crenu-
late; middle and upper pinnules becoming
more and more entire toward the apex, which
is only crenulate; nervation rather sparse, at a
very acute angle, nerves once or twice forked;
fertile frond not found.

This species is represented by a large number
of specimens, but unfortunately all are so frag-
mentary that it is impossible to make out the
shape and size of the whole frond. Some evi-
dence to show that the frond was very large
and several times compounded is afforded by
the presence of certain fragments disposed in
such a way on the matrix as to suggest the
possibility of their organic connection, but no
such union has been seen. A dichotomous
branching of the slender rachis, such as is
shown in figure 3, is all the branching that has
been observed. The longest segment of rachis
observed (fig. 3) is 6 centimeters long but was
certainly considerably longer when perfect.
The best-preserved pinna, shown in figure 1, is
14 centimeters long, of which at least 2 centi-
meters is made up of secondary rachis. It is
approximately 6 centimeters broad between the
tips of the lower pinnules. The manner and
extent of the marginal cutting of the pinnules
is so well shown in the figure that it is not nec-
essary to describe them at greater length.

This species is exceedingly close to Anemia
subcretacea (Saporta) Gardner and Ettings-
hausen,! a species that was described from
specimens obtained in the Eocene travertines
of Sézanne and was subsequently found to be
abundant in the Eocene of Bournemouth, Eng-
land. The present form appears to differ
slightly in its broader pinnae, generally less
sharply cut pinnules, and more erect nerva-
tion, but at best the difference is not great.

Gardner and Ettingshausen referred Lesque-
reux’s Gymmnogramma haydenii,? from the divide

1 Gardner, J. 8., and Ettingshausen, Constantin von, Monograph of
the British Eocene flora, vol. 7, p. 45, pls. 8, 9, 1880.
3 U. 8. Geol. Survey Terr. Rept., vol. 7, p. 59, pl. 5, figs. 1-3, 1878,
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between the headwaters of Snake River and
Yellowstone Lake, to their Anemia subcretacea,
and in this reference Lesquereux concurred.
The specimen shown in figyre 3 of Lesquereux’s
plate is considerably like the specimens from
Cumberland, but those shown in the other fig-
ures are quite different.

At one time Newberry was of the opinion
that he had found Anemia subcretacea at a
number of localities, as Point of Rocks, Wyo.
(Montana), Erie, Colo. (Laramie), and Belling-
ham Bay and Carbonado, Wash. (Eocene), but
in his formal report® he inclined to regard them
as representing a well-marked, robust variety.
This work was edited by Hollick, who substi-
tuted the name Anemia perpleza for the reason
that A. subcretacea was considered nomen-
clatorially untenable. The specimens figured
by Newberry are very unlike the present
species, and furthermore, it would seem to be
wise not to regard them as identical with the
European form.

A fine large species of Anemia from the
Raton formation of Colorado is described by
me in a paper now in press,? but it is quite
different from Anemia gracillinea.

Fragmentary specimens of Anemia have
been found at many localities in the Rocky
Mountain region, ranging in age from early
Montana to Laramie, but none of them appear
to agree very closely with the present species.

Occurrence: Frontier formation, 1 mile east
of Cumberland, Wyo. Collected by F. H.
Knowlton and T. W. Stanton in 1908.

Family EQUISETACEZ.
Equisetum sp.
Plate XXXIII, figure 6.

The collection made near Cumberland by
Veatch contains a single specimen with its
counterpart that apparently represents the
underground stem of an FEquisetum. It is
about 9 centimeters long, has a maximum
diameter of nearly 1 centimeter, and is more or
less constricted or cut up into short segments
10 to 15 millimeters in length. It is irregularly
ridged or wrinkled longitudinally but otherwise
has no marks or features of diagnostic value.

1 Newberry, J. S., The later extinct floras of North America: U. S
Geol. Survey Mon. 25, p. 4, 1898.

2 Lee, W. T., and Knowlton, F. H., Geology and paleontology of the
Raton Mesa and other regions in Colorado and New Mexico: U. S.
Geol. Survey Prof. Paper 101, p. 285, pl. 54, fig. 2 (in press).

»
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Beyond the fact of attesting the presence of
vegetation of this type in the Frontier forma-
tion this specimen is of little valué, as it could
probably not be recognized or discriminated if
found elsewhere. For this reason there is little
use in attempting comparisons with described
species, though incidentally it may be compared
as being similar in type to Equisetum prelaevi-
gatum Cockerell (ZE. laevigatum Lesquereux?®),
from the Denver formation of Colorado.

Occurrence: Frontier formation, north side
of Little Muddy Creek, about 1 mile east of
Cumberland, Wyo., in sec. 29, T. 19 N, R. 116
W. Collected by A. C. Veatch in 1905.

Family SMILACEZE.

Smilax? coloradensis Knowlton, n. sp.
Plate XXXIII, figure 1.

Leaf small, membranaceous, regularly ellip-
tical, abruptly rounded below to a very slightly
heart-shaped base, apex destroyed but appar-
ently rather obtusely pointed; three-ribbed
from base, the midrib slightly the stronger,
lateral ribs passing up nearly or quite to the
apex, each with several branches on the outside
which join and produce a semblance of an addi-
tional rib on each side; no secondaries observed
on the midrib, but a few strong nervilles be-
tween the ribs; fine nervation not retained.

The specimen figured is all that was found
of this form. It is about 5 centimeters long
and 3.5 centimeters wide. The nervation is so
poorly preserved that hardly anything but the
main ribs is retained. It is for this reason that
the generic reference has been questioned,
though it has the size, shape, thickness, and, so
far as can be made out, the essential nervation
of certain living forms of the genus. More and
better material will be necessary to settle the
matter fully.

Occurrence: Frontier formation, dump of
mine No. 1, Cumberland, Wyo. Collected by
F. H. Knowlton August 5, 1908.

Family MYRICACEZ.
Myrica nervosa Knowlton, n. sp.
Plate XXXIV, figure 1.

In the small collection obtained about 1%
miles south of Cumberland, Wyo., there are a
number of fragmentary leaves of Myrica. The

3 Lesquereux, Leo, U. 8. Geol.sSurvey Terr. Rept., vol. 7, p. 68, pl. 6,
fig. 6, 1878,
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nervation is very distinct and characteristic,
and although the specimens are so much broken
that the size and shape can not be fully made
out, it seems best to put the form on record so
that it may be looked for in the future.

This species is narrowly lanceolate, probably
acuminate at base and apex, and has perfectly
entire margins. The length was apparently 8
or 9 centimeters and the width about 2 centi-
meters.  The leaf substance is thick and leath-
ery, as shown by the wrinkled appearance of
the leaves. The midrib is exceedingly strong.
The secondary nervation is thin and irregu-
lar, at an angle of 50° or more, much curved
upward, each principal nerve arching just out-
side the margin and producing an intramarginal
‘“stitch.”” There are numerous intermediate
secondaries which pass up and join the bows of
the larger nerves, or disappear in a network of
nervilles. The finer nervation produces a net-
work of irregular areas.

This species is, in a way, of the type of Myrica
torreyi Lesquereux, of the Montana group and
slightly younger horizons. It differs markedly
from that species, however, in its smaller size,
entire instead of serrate margins, and second-
aries of two sizes, the larger ones forming the
intramarginal vein. The nervation is also at a
more acute angle than in M. torreysi.

Occurrence: Frontier formation, 1% miles
south of Cumberland, Wyo., in the SE. } sec. 6,
T. 18 N., R. 116 W. From same horizon as
plant beds 1 mile east of Cumberland. Col-
lected by T. W. Stanton September 1, 1913.

Family SALICACEAE.
Salix cumberlandensis Knowlton, n. sp.

Plate XXXVIII, figure 3.

Leaf firm in texture, lanceolate, 8 centimeters
long, 2 centimeters wide, abruptly rounded
below to the short, thick petiole, broadest at
and below the lower third of the blade, whence
it is gradually narrowed to the slenderly acu-
minate apex; margin finely and evenly crenate

throughout; midrib very thick, especially below; |

secondaries strong, 16 or more pairs, alternate,
emerging at an angle of 30° or 35°, much curved
upward and apparently effused near the margin;
finer nervation not retained.

This handsome little species is represented
only by the very perfect example figured. It
is well marked by its narrowly oblong-lanceolate
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margin, and numerous strong, apparently
camptodrome secondaries.

Occurrence: Frontier formation, 1% miles
south of Cumberland, Wyo., in the SE. £ sec. 6,
T.18N.,,R. 116 W. From same horizon as the
plant beds 1 mile east of Cumberland. Col-

lected by T. W. Stanton September 1, 1913.

Salix frontierensis Knowlton, n. sp.
Plate XXXV, figure 4a.

Leaf small, apparently rather thick, ellipti-
cal lanceolate, broadest at a point below the
middle, whence it rounds rather abruptly to
the short, thick petiole; apex destroyed but
apparently acuminate; margin perfectly en-
tire; midrib very strong for a short distance,
then much thinner; secondaries 10 or 12 pairs,
very thin and delicate, curved upward, camp-
todrome; finer nervation obscure.

The little leaf figured is unfortunately the
only one of this kind noted in the collection.
It was about 3.5 centimeters long and 1.3 cen-
timeters wide; the petiole is about 3 milli-
meters long.

Occurrence: Frontier formation, 13 miles
south of -Cumberland, Wyo., in the SE. } sec.
6, T. 18 N,, R. 116 W. From same horizon
as plant beds 1 mile east of Cumberland. Col-
jected by T. W. Stanton September 1, 1913.

Family FAGACEAE.
Quercus stantoni Knowlton, n. sp.
Plate XXXIII, figures 2—4.

Leaves membranaceous, rather broadly lan-
ceolate, long, wedge-shaped at base, much

'more abruptly narrowed above to an obtusely

acuminate apex; margin entire below, coarsely
few-toothed or lobed above, the teeth separated
by shallow sinuses, sharp, mucronate-tipped;
petiole strong, at least 1.5 centimeters long;
midrib very strong below, not much thinning
above; secondaries about 10 or 12 pairs, mainly
alternate, at an angle of 45° running nearly
straight to the teeth below, slightly curved up-
ward above; nervilles numerous, strong, irreg-
ular, finer nervation forming a coarse, irregu-
larly quadrangular network.

This species is represented by nearly a dozen

specimens, none of which, however, is com-

plete. The length, including the petiole, must
have been at least 10 or 12 centimeters and

outline, abruptly rounded base, finely crenulate ; the width between 3 and 4 centimeters. The
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species is well marked by the long, wedge-
shaped base, more obtuse apex, and coarse
marginal teeth or lobes, which are all mucro-
nate-tipped, thus indicating that it is a mem-
ber of the black-oak group. In figure 3 is
shown a cluster of three leaves that were prob-
ably attached to the same branch, though the
actual union is not shown. The best preserved
of these gives a very satisfactory view of the
lower half of the blade, with its strong petiole
and mucronate teeth. In figure 2 is shown a
very complete apical portion of a leaf of the
same size as the one in figure 3. The basal
portion of another well-preserved leaf is seen
in figure 4.

Among fossil species of Quercus the present
species is rather closely related apparently to a
number from the Senonian of Haldene, West-
phalia, as described by Hosius and Von der
Marck.! It is perhaps nearest to Quercus for-
mosa, from which it differs in being broader
and in having larger, sharper, mucronate-
tipped teeth. From Quercus sphenobasis it
differs in its fewer, larger teeth and fewer sec-
ondaries.

Occurrence: Frontier formation, 1% miles
south of Cumberland, Wyo., in the SE. 1 sec.
6, T. 18 N,, R. 116 W. From same horizon as
plant beds 1 mile east of Cumberland. Col-
lected by T. W. Stanton September 1, 1913.

Family MORACEAE.

Ficus fremonti Knowlton, n. sp.
Plate XXXIV, figures 4-6; Plate XXXV, figures 4c, 5.
Glossopteris phillipsii? Brongniart. * Hall, in Frémont,
op., cit., Appendix B, p. 305, pl. 2, figs. 5, ba—c,
Lesquereux, U. S. Nat. Mus. Proc., vol. 11, p. 37,
1888.

Leaves small, very thick and coriaceous,
narrowly lanceolate, broadest below the middle,
whence they narrow below to a rather long,
wedge-shaped base and above to a very long,
narrow acuminate apex; margin perfectly
entire; petiole short (1 centimeter), relatively
strong; midrib very strong; secondaries im-

mersed in the substance of the leaf and indis-|

tinct, numerous, at an acute angle, campto-
drome; finer nervation obscure.

This form is represented by 25 or more speci-
mens, few of which are perfect. Itis a small,
very narrowly lanceolate leaf, 6 to 8 or 9 centi-

1 Hosius, A., and Von der Marck, W., Flora der westfilischen Kriede-
formation: Palaeontographica, vol. 26, p. 164 [40], pl. 31, fig. 81, 1880.
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meters long and 1 to 2 centimeters wide, with a
petiole 1 centimeter or sligchtly over in length.
It is especially distinguished by its long, nar-
rowly acuminate apex.

The species here called F fwusfremonm hashad
a most interesting history. It was first col-
lected by Frémont in 1843 and was identified by
Hall as Glossopteris phillipsii, for the reason,
he adds, that Brongniart’s species afforded ‘‘ the
only description and figure accessible to me to
which this fossil bears any near resemblance.”
Examination of Brongniart’s figure ? shows that
this form certainly does resemble it so far as
size and shape go but is totally different in
nervation. Glossopteris phillipsia has of course
a pteroid nervation with close, parallel, fork-
ing veins, but the secondary mnerves in the
leaves here described, as may be seen from the
figures, are distinctly those of a dicotyledon.

Fortunately, two of the original Frémont
specimens (Halls figs. 5 and 5b) are preserved
in the United States National Museum and are-
shown here(PL. XXXTV, fig. 6; Pl. XXXV, fig.
5). Theseleavespassed under Lesquereux’seye,
and although he lists them under Glossopteris
phillipsii he makes the following statement: 2
¢“This is remarkably similar in form of leaves
and nervation to Glossochlamys transmutans
Gardner and Ettingshausen (British Kocene
flora, pl. 3, fig. 3; pl. 12, fig. 8). The speci-
mens of Frémont show indistinctly nervilles
between the lateral nerves composing irregular,
square meshes.”

The figures of Glossochlamys transmutans
given by Gardner and Ettingshausen show that
to all intents and purposes this form is a dicoty-
ledon, and in fact these authors admit that
Saporta, whom they consulted, objected to the
reference of this fossil to a fern, and Heer
stated flatly that ‘it is not a fern, but a leaf of a
dicotyledon.” There can be absolutely no
question about it—the leaves under considera-
tion belong to a dicotyledon and have nothing
to do with ferns.

It was largely on the basis of Hall’s identi-
fication of these leaves as Glossopteris phillipsiv
that the beds were referred to the Jurassic.
On this point Hall says: ‘“The geological posi-
tion of the fossil is so well ascertained to be the
schists of the upper part of the Oolitic period

2 Brongmalt Adolph, Histoire des végéteaux fossiles, p. 225, pl. 51 bis,
fig. 2, 1828.

3Lesquel‘eux, Leo, Recent determinations of fossil plants from Ken-
tucky, Louisiana, * * * : U, 8. Nat. Mus. Proc., vol. 11, p. 37, 1888.
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that, relying upon the evidence afforded by a
single species, we might regard it as a strong
argument for referring all the other specimens
to the same geological period.”

Ficus fremonti agrees very well in shape with
Ficus proteoides Lesquereux,! from the Dakota
sandstone of Kansas, but the latter is a much
larger leaf and has a more open nervation.
In shape, size, and nervation it is even closer
to Ficus lanceolata acuminate Ettingshausen, as
figured by Lesquereux,? from the Dakota sand-
stone of Kansas. This species, however, is
somewhat longer and broader and has the
nervation more regular and at a less acute
angle of divergence.

As stated on page 80, one of the original
specimens figured by Hall showed on one side of
the leaf round bodies which have now been
identified as the egg mass of an insect, prob-
ably a microlepidopterous insect. It is shown
in figure 5 of Plate XXXVI.

Occurrence: Frontier formation, about 1
mile east of Cumberland, Wyo. Originally
collected by J. C. Frémont August 19, 1843;
subsequently found at or near the same place
by F. H. Knowlton and T. W. Staanton in 1908.

Ficus? sp.
~ Plate XXXV, figure 1.

A small collection made from a rather coarse-
grained shaly sandstone about 300 feet above
the main plant locality east of Cumberland
contains a number of fragmentary leaves that
seem to belong to Ficus, but there are little
more than outlines to afford basis for a judg-
ment. The leaf shown in figure 1 is one of the
best preserved of these specimens. It is
ovate, with an abruptly rounded truncate
base, probably obtusely acuminate apex, and
entire margins. The length was about 10 or 11
centimeters and the width nearly 5 centimeters.
Even the primary nervation is so obscure that
it is made out with difficulty. It comsists of a
fairly strong midrib and apparently a strong
rib or secondary arising near the base and
passing up for a long distance, but it is more
or less uncertain.

This form is so obscure that it is of little
value, and except for the desirability of
enumerating all the plants present in this

1 Lesquereux, Leo, Flora of the Dakota group: U. S. Geol. Survey Mon.
17, p. 77, pl. 12, fig. 2, 1892.
3Idem, p. 85, pl. 13, fig. 4.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1917.

region, it might well be discarded. It simply
calls attention to the presence of a large leaf
whose more definite placing must be left to
the future.

Occurrence: Frontier formation, mine No. 1,
half a mile east of Cumberland, Wyo. Col-
lected by T. W. Stanton and F. H. Knowlton
in 1908.

Ficus? sp.
Plate XXXTV, figures 2, 3.

The collection obtained half a mile east of
Cumberland contains a number of narrow
leaves that are included here only on the
ground that it seems desirable to enumerate
everything known from this general region.
They are preserved in a coarse-grained sand-
stone that has obscured most of the character-
istic features—in fact, about all that can be
made out is the outline and the thick midrib.
They are narrowly lanceolate leaves that are
rather abruptly rounded to' the base and
apparently long acuminate at the apex. The
length is about 10 centimeters and the width
a little over 2 centimeters. The midrib is
strong, and there is some slight indication of
secondary branches, but they are very un-
certain.

This form might be compared with a number
of long, narrow-leaved species of Ficus or
certain entire-leaved species of Saliz, but
absence of essential features makes definite
comparisons of little value.

Occurrence: Frontier formation, half a mile
east of Cumberland, Wyo. Collected by F. H.
Knowlton and T. W. Stanton August 5, 1908.

Family LAURACEAE.
Cinnamomum hesperium Knowlton, n. sp.

Plate XXXVIII, figure 2.

Leaf semicoriaceous or finer in texture, nar-
rowly lanceolate, broadest near the middle,
whence it narrows in almost the same degree
to both base and apex; length 7 centimeters
including the petiole, which is about 8 milli-
meters long; width about 13 millimeters;
petiole relatively short, stout; midrib very
strong below, becoming much thinner in the
upper half of the blade; lateral ribs at an
acute angle, arising at a point about 5 milli-
meters above the base of the blade, passing up
and joining the lowest pair of secondaries
near or above the middle, each with two or
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three secondary branches on the outside;
secondaries on the midrib three pairs, alternate,
lowest arising far below the middle of the blade,
arching upward and running along near and
gradually lost in the margin; nervilles obscure,
apparently close, parallel, unbroken, and at
right angles to the ribs and secondaries.

This species is represented only by the
example figured, which fortunately is practi-
cally perfect, so that its characters can be made
out with certainty. It is with much hesitation
described as new. At one time it was iden-
tified -with a specimen from Hodges Pass,
Wyo., described and figured by Ward * under
the name Cinnamomum lanceolatum (Unger)
Heer but later given the name C. wardii
Knowlton 2 on the ground that it was not
conspecific with the European species. Except
in the matter of size these two leaves are
undoubtedly close. Thus, C. wardii is 15
centimeters long and 2.5 centimeters wide,
C. hesperium is 6 centimeters long and 1.4
centimeters wide. There are also other slight
differences. In C. wardii the base is more
obtuse and rounded, the lateral ribs at a less
acute angle and without outside secondaries,
and the secondaries on the midrib are closer
and more numerous, but these are all compara-
tively unimportant divergences that might
possibly break down if a series was available for
comparison instead of a single leaf of each form.

The leaf found near Cumberland, Wyo., is
also strikingly similar in size, shape, and gen-
eral appearance to Cinnamomum salicifolium
Staub,® from the well-known Tertiary beds at
Sotzka, in Styria, but here again there are
noticeable slight differences. Thus there are
no outside secondaries on the lateral ribs, and
the secondaries on the midrib are more num-
erous and confined to the upper half or upper
third of the leaf.

Cinnamomum salicifolium was segregated by
Staub from C. lanceolatum (Unger) Heer, on
the basis of its generally narrower shape,
higher secondaries, etc., but the difference is
not great.

The geologic horizon at which the leaf C.
wardii was found is more or less in doubt. The

1 Ward, L. F., Synopsis of the flora of the Laramie group: U. S. Geol.
Survey Sixth Ann. Rept., pl. 46, fig. 12, 1886.

2 Knowlton, F. H., A catalogue of the Cretaceous and Tertiary plants
of North America: U. S. Geol. Survey Bull. 152, p. 69, 1898.

3 Staub, Moriz, Die Geschichte des genus Cinnamomum, p. 65, pl. 12,
figs. 7-14, 1905.
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specimen was supposed by Ward to be from
beds of Laramie age as then interpreted, but
the work of Veatch appears to place it in the
upper part of the Adaville formation of the
Montana group, or nearly 10,000 feet above the
horizon which supplied the Cumberland leaf.
The species was not found in any of the recent
collections made in this general region.

Although these two species (C. wardii and
what is here called C. hesperium) are undoubt-
edly close together, the best that can be done
under the circumstances, considering the differ-
ences in size and nervation already pointed
out, as well as the apparent disparity in age,
is to regard them as distinct until additional
material can be obtained.

Occurrence: Frontier formation, 1% miles
south of Cumberland, Wyo., in the SE. } sec.
6, T. 18 N., R. 116 W. Same bed as plant
locality 1 mile east of Cumberland. Collected
by T. W. Stanton September 1, 1913.

Cinnamomum? sp.
Plate XXXV, figure 2.

There are in the collection several very
fragmentary leaves that appear to belong to
the genus Cinnamomum, though they are
obscure at critical points. The one figured is
ovate-lanceolate and has a rounded wedge-
shaped base and an acuminate apex. The
length is 9 centimeters and the width a little
less than 5 centimeters. The midrib is strong;
the lateral ribs are somewhat thinner and pass
up nearly to the apex. There are several
secondary branches on the outside of the lateral
ribs, but otherwise the nervation can not be
made out.

Occurrence: Frontier formation, half a mile
east of Cumberland, Wyo. Collected by F. H.
Knowlton and T. W. Stanton August 5, 1908.

Family PROTEACEAE.
Dryandroides lanceolata Knowlton, n. sp.
Plate XXXTIV, figure 7.

Leaves coriaceous, narrowly lanceolate, base
not seen but apparently rather abruptly nar-
rowed to a short, wedge-shaped basal portion,
prolonged above into a very long, acuminate
apex which is minutely emarginate at the tip;
margin in lower and middle portions distinctly
toothed, the teeth sharp pointed, separated by
very shallow sinuses; margin in upper portion
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undulate and finally entire; midrib very strong;
secondaries numerous (probably at least 15
pairs), alternate, at an angle of 35° or 40°,
considerably curved upward, entering the teeth
or arching and each joining the secondary
next above and sending a short, outside branch
to the tooth; secondaries in the narrowed,
entire apical. portion of the blade arching
upward for a considerable distance and dis-
appearing in or near the margin; nervilles
numerous, mainly broken and at right angles
to the secondaries.

The portions of the two leaves shown in
figure 7 are all that has been observed of this
well-marked form. It is not possible to ascer-
tain the exact length, but it could hardly have
been less than 11 or 12 centimeters. The
greatest width is slightly less than 2 centi-
meters.

The large segment referred to this species is
certainly very oaklike in appearance, but the
long, slenderly acuminate apical portion is
much less so, and it seems best referred to the
genus Dryandroides. It is, for instance, very
similar to D. quercinea Velenovsky,! from the
Cretaceous of Bohemia. It is, however, a
larger, longer leaf, with a mnarrower apical
portion, fewer lower teeth, and fewer second-
aries at a more acute angle.

Dryandroides quercinea has been reported by
Hollick 2 from the Magothy formation at Gay
Head, Marthas Vineyard, Mass., but this refer-
ence depends on two fragmentary leaves and is
open to some question.

The only other species of Dryandroides
tentatively accepted as North American was
described by Lesquereux?® under the name
Quercus cleburni. It comes from Black Buttes,
Wyo., and is very different from the present
form; in fact, it is doubtful if it should be
placed in Dryandroides.

Occurrence: Frontier formation, 1% miles
south of Cumberland, Wyo., in the SE. % sec.
6, T. 18 N., R. 116 W. From same horizon as
plant bed 1 mile east of Cumberland. Col-
lected by T. W. Stanton September 1, 1913.

1Velenovsky, J., Die Flora der bohmischen Kreideformation: Beitr.
Paliiontologie Oesterr.-Ungarns u. des Orients, Band 3, Heft 1, p. 33 (8),
pl. 10 (2), 1883.

2 Hollick, Arthur, The Cretaceous flora of southern New York and
New England: U. 8. Geol. Survey Mon. 50, p. 60, pl. 8, figs. 18, 19, 1906.

8 Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7, p. 154, pl.
20, fig. 2, 1878.
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Family RANUNCULACEAE?
Dewalquea pulchella Knowlton, n. sp.
Plate XXXVT, figures 1-3; Plate XXXVTI, figures 1-3.

Leaves of medium or small size, palmately
decompound, the segments usually five but
occasionally six in number; petiole extremely
long, much longer than the longest foliar seg-
ment, splitting at top into two nearly equal
branches, one of which usually gives rise to
two and the other to three segments, though
the middle segment in a five-parted leaf may
be nearly or quite free; segments all narrowly
linear-lanceolate, of approximately the same
size, the other segments slightly inequilateral,
the middle one in some leaves slightly smaller
than the others, all long and very narrowly
wedge-shaped at base, acuminate at apex;
margin of segments usually entire for a short
distance at the base, thence strongly and sharply
serrate; midrib strong, straight; secondaries
obscure owing to the thickness of the leaf sub-
stance, numerous, apparently subopposite, at
an angle of about 40°, slightly curved upward,
all but the lower ones craspedodrome and end-
ing in the marginal teeth; finer nervation not
retained.

This splendid species is represented by nearly
twenty specimens, six or seven of which have
been figured. In none of the specimens are all
the segments preserved entire, but some are
nearly perfect, and hardly any of them is so
fragmentary as not to show the manner in
which the segments arise from the top of the
petiole. Apparently in a majority of the
leaves of this genus from other areas, as
described, the segments are so broken and
detached that it becomes a matter of difficulty
to interpret them satisfactorily. The leaves
here described, however, are so well preserved
that there can be absolutely no question as to
their being congeneric with the type and typ-
ical species from FEuropean deposits, from
which the genus was first made known.

The present leaves are rather small compared
with those of typical members of the genus.
None of the segments exceed 8 or 9 centimeters
in length and 1.5 centimeters in width, and
apparently most of them are only 6 or 7 centi-
meters long and 1 centimeter or less in width.
The segments are cut so deeply that they are
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almost free, and there is very little evidence of
their being unequal-sided at the base. In only
one specimen, that shown in Plate XXXVI,
figure 3, is there six segments, all the remainder
having five very symmetrically spaced divisions.

The petiole, which is preserved entire in sev-
eral specimens, is extremely long and slender.
In the leaf shown in Plate XXXVII, figure 2,
for instance, it is nearly 5 centimeters long and
probably exceeds the length of the segments.
The average length is about 4 centimeters.

This species is very closely related to Dewal-
quea insignis Hosius and Von der Marck,' from
the Upper Senonian of Westphalia—so closely
related, in fact, that it would perhaps do no
great violence to call them the same. The
present form differs from the Westphalian
species in its generally smaller size, longer peti-
ole, usually fewer segments with much larger,
sharper teeth, and, so far as can be made
out, fewer, more curved secondaries. These,
however, are all minor differences that might
well be covered by individual variation; but
in consideration also of the difference in geo-
graphic and stratigraphic position, it is perhaps
as well to consider the Wyoming form under
another name. :

Dewalquea insignis was recorded by Heer *
from both the Atane and Patoot beds of
Greenland, and by Hollick ® from the Creta-
ceous of Staten Island, but as Berry ¢ has re-
cently pointed out, ‘‘both these determinations
are based upon fragments of single leaves and
are, in the writer’s judgment, entirely untrust-
worthy.”

The genus Dewalquea was established by
Saporta and Marion ® in 1874, and was based on

two species (Dewalquea haldemiana and D..

aquisgranensis) from the Senonian of Westpha-
lia, sent to them by Debey under the manu-
script names Araliophyllum and Grevillea, and
one (D. gelindensis) collected by themselves
from the Paleocene of Gelinden, Belgium.
Since that date 10 additional species, all from

1 Hosius, A., and Von der Marck, W., Die Flora der westfiilischen
Kreideformation: Palaeontographica, vol. 26, p. 172 (48), pl. 32, figs.
111-113; pl. 33, fig. 109; pl. 34, fig. 110, 1880.

2 Heer, Oswald, Flora fossilis arctica, vol. 6, Abt. 2, p. 86, pl. 25, fig. 7,
pl. 33, figs. 14-16, 1882; vol. 7, p. 37, pl. 58, fig. 3; pl. 62, fig. 7, 1883.

3 Hollick, Arthur, The Cretaceous flora of southern New York and
New England: U. 8. Geol. Survey Mon. 50, p. 106, pl. 8, fig. 24, 1906.

4 Berry, E. W., The Upper Cretaceous and Eocene floras of South
Carolina and Georgia: U S. Geol. Survey Prof. Paper 84, p. 42, 1914.

5 Saporta, Gaston de, and Marion, A. F., Essai sur ’état de la végéta-
tion & ’époque des marnes heersiennes de Gelinden: Acad. roy. Bel-
gique Mem. cour. et des sav. étrang., vol. 37, p. 55, 1874.

»
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the Upper Cretaceous, have been named by
different authors. Of these one (D. gronlandica
Heer) is from the Patoot and Atane beds of -
Greenland, two (D. dakotensis Lesquereux and
D. primordialis Lesquereux) from the Dakota
sandstone of Kansas and Minnesota respec-
tively, one (D. trifoliata Newberry) from the
Raritan formation of New Jersey, and one
(D. smithi Berry) from the Tuscaloosa forma-
tion of Alabama and the Black Creek formation
(Middendorf arkose member) of South Carolina.

Of the Greenland and American species all
but one (D. smithi Berry)® have leaves with
only three segments or leaflets and are very
unlike D. insignis or D. pulchella. The species
described by Berry is a very handsome one;
the leaves have five segments which are from
8 to 16 centimeters in length and sharply
serrate, and the lateral segments are curiously
unequal-sided at the base. This is undoubt-
edly a Dewalquea, but it is very distinet from
the species here described.

The systematic affiliations of the genus
Dewalquea are still more or less obscure. As
may be inferred from the names suggested by
Debey, he regarded it as belonging either in
the Araliaceae or in the Proteaceae, but when
Saporta and Marion established the genus they
took occasion to review the matter with great
care, and after comparing it with several genera
such as Aralia, Ampelopsis, and Arisaema (a
monocotyledon of the family Araceae) con-
cluded that it had the greatest affinity with
the tribe Helleboreae of the family Ranun-
culaceae. The Helleboreae in the living flora
are herbaceous, but Saporta and Marion state
that the presence of a Cretaceous or early
Eocene shrubby ancestor would be quite in
accord with the evolutionary history of some
other groups.

Although these authors pointed out the
reasons opposing the reference of Dewalquea
to the Araliaceae, such a reference seems to
the writer to be entitled to further considera-
tion. It is, for instance, difficult to escape
the conviction that certain leaves from the
Dakota sandstone referred to Aralia may well
have been ancestral to leaves of Dewalquea
of the type of D. insignis, D. pulchella, etec.
Take, for example, the species described by

6 Berry, E. W., op. cit., p. 41, pl. 8, figs. 3-9 (restoration, fig. 1 in
text).
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Lesquereux ! as Aralia wellingtoniana. This
is a medium-sized leaf with five deeply cut,
sharply serrate lobes in which the secondary
nervation is close, parallel, and craspedodrome
in the upper portions. If the separation of
these lobes were continued a short distance
until the lobes were nearly or quite free,
though still showing the method of origin from
the branches of the petiole, a palmately de-
compound leaf would result that seemingly
would be a Dewalquea. A further step in this
process is shown in one of the Dakota leaves
figured by Lesquereux? wunder the name
Aralia saportanea var. deformata. Here the
central lobe is reduced and cut almost to the
base. The lateral lobes are also deeply cut
and the margin below the major fork of the
petiole is reduced to a very narrow web. A
very slight continuation of this lobing would
make these segments free or at least cut them
to the branches of the petiole. Hence it seems
to the writer a less violent assumption to
derive the decompound, coriaceous-leaved
species of Dewalquea from an equally coria-
ceous deeply lobed Aralia of the type above
indicated than to suppose them to be the Cre-
taceous ancestors of the living herbaceous
Helleboreae.

Occurrence: Frontier formation, 1 mile east
of Cumberland, Wyo., in sec. 29, T. 19 N,,
T. 116 W. Collected by A. C. Veatch in
August, 1905.

Family ARALIACEZ.
Aralia veatchii Knowlton, n. sp.

Plate XXXVI, figure 4; Plate XXXVII, figure 4; Plate
XXXVIII, figure 1; Plate XXXIX.

Aralia cf. A. saportana Lesquereux. Knowlton, in Veatch,
Am. Jour. Sci., 4th ser., vol. 21, p. 459, 1906.

Outline of whole leaf not known, but clearly
a leaf of large size and firm texture; palmately
three-lobed and, presumably at least, five-
lobed, the central lobes lanceolate, slenderly
acuminate at apex, slightly contracted at the
base; margin conspicuously toothed, the teeth
sharp pointed, separated by shallow sinuses;
lateral lobes at an angle of about 45° with the
middle lobe and separated from it by a deep
narrow sinus, margin entire below, becoming
toothed above like the central lobe; nervation
of lobes consisting of a very strong midrib and
12 or 14 pairs of fairly strong secondaries which

1 Lesquereux, Leo, The flora of the Dakota group: U. S. Geol. Survey
Mon. 17, pl. 22, fig. 2, 1891.
2 Idem, pl. 23, fig 1.
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emerge at an angle of 45° or 50°, are nearly
straight, and end in the marginal teeth; nerva-
tion of lateral lobes similar, but secondaries
more curved upward and camptodrome in the
lower untoothed portion; finer nervation con-
sisting of numerous strong nervilles, which are
irregular and in places broken, and finer quad-
rangular areas.

The above description is in the main drawn
from the specimen shown in Plate XXXVI,
ficuré 4, which is the best one available. It
consists of a nearly perfect central lobe and a
small portion of one lateral lobe, the two being
separated by ‘a deep, narrow sinus. It is
impossible to ascertain the size of this leaf
when it was perfect, or to determine whether
it had more than three lobes. It must have
been 17 or 18 centimeters long and presumably
20 centimeters or more broad between the tips
of the lateral lobes. From its analogy with a
species to which it is presumed to be related,
it is thought probably to have been five-lobed,
but this is not known.

If T am correct in referring the other speci-
mens here figured (Pl. XXXIX) to Aralia
veatchii, the whole leaf was much larger than
the dimensions given above. Thus, the speci-
men shown in Plate XXXVIII, figure 1, could
hardly have been less than 20 centimeters in
length and 7 or 8 centimeters in greatest width.
In Plate XXXIX there are portions of three
leaves or, more properly, lobes, which, while
not now in actual organic connection, are so
placed as to lend support to the idea that this
was a huge five-lobed leaf. The central lobe,
if it is such, was about 20 centimeters long and
7 centimeters wide, and the other was about 16
centimeters long and 6 centimeters wide.
Both of these are more elliptical-lanceolate in
shape than that shown in figure 1, and the
margin is less sharply toothed. The fragment
of a leaf given in Plate XXXVII, figure 4, is
quite distinctly undulate-toothed. The nerva-
tion, however, is practically the same in all the
specimens figured under this name, and this is
one of the strong reasons for considering them
all as conspecific.

There seems to be little or no doubt as to the
propriety of referring these leaves to the genus
Aralia on the basis of their resemblance to
leaves from different horizons that have been
so regarded. One of the species that is perhaps
nearest to the present species, as exemplified in
Plate XXXVI, figure 4, is Aralia saportanea
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Lesquereux,! from the Dakota sandstone of
Kansas. The Dakota species is a smaller form
and has the lateral lobes at a much more acute
angle, the margins less conspicuously toothed,
and the secondaries more curved upward, but
they may well enough have belonged to the
same genus.

Occurrence: Frontier formation, north side
of Little Muddy Creek, about 1 mile east of
Cumberland, Wyo., in sec. 29, T. 19 N., R.
116 W. Collected by A. C. Veatch in 1905.

Family STAPHYLEACEAE?
Staphylea? fremonti Knowlton, n. sp.
Plate XXXII, figures 4, 5; Plate XXXIII, figure 5.

Leaves trifoliolate, the leaflets petioled, all
arising from the same point at the top of the
main petiole; leaflets all of about the same size,
elliptical-lanceolate, broadest near or just below
the middle, whence they are gradually rounded
or narrowed to the wedge-shaped base and to
an acuminate apex; margin of leaflets perfectly
entire; midrib exceedingly strong, straight;
secondary nervation obscured by the thick
substance of the leaflet; secondaries emerging
at a low angle, close, nearly parallel, campto-
drome, arching, and apparently joining well be-
low the margin; finer nervation not discernible.

This beautiful species is represented by the
two specimens figured, as well as their counter-
parts and a number of detached leaflets. They
have a thick general petiole of unknown length
but at least 1 centimeter long. Standing on
the top are the petioles of the leaflets, each of
which is from 5 to 8 millimeters in length.
The petiole of the middle leaflet is uniformly a
little shorter than the lateral one. The leaf-
lets are 3.5 to 4 centimeters long and about 12
millimeters wide. The leaflets are very thick
in texture and, with the exception of the ex-
tremely strong midrib, the secondary nerva-
tion has been observed in only one or two leaf-
lets. Here it is seen to be thin, close, nearly
parallel, and arching some distance below the
margin.

. There is some uncertainty as to the propriety
of this generic reference. These leaves appear
to be close enough to the living Staphylea trifolia
Lesquereux to warrant their being considered
as congeneric with it, though there are some
differences. Thus, in the living form the lat-
eral leaflets are sessile and the central one is

1 Lesquereux, Leo, U. 8. Geol. Survey Terr. Rept., vol. 8, p. 61, pl. 8,
fig. 1, 1883.
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short-stalked, whereas in the fossil form the
central leaflet has a markedly shorter stalk
than thelateral ones. The margin in the living
leaf is finely, sharply serrate, but in the fossil
leaf it is entire. Again, the texture in 8.
fremonti was evidently much thicker than in
S. trifolia. 'The shape, size, and nervation are
approximately the same in both forms.

It was at first thought possible that the
leaves under consideration might be congeneric
with Dewalquea trifoliata Newberry,” from the
Raritan formation of New Jersey, especially in
view of a statement made by Berry?® to the
effect that ‘it is remarkable that where this
genus has been found in abundance, two species
are usually described—one entire and one with
toothed margins,” the inference being that both
forms probably grew on the same plant. This
condition can not be true in the present in-
stance, for the leaves under discussion are
clearly trifoliolate, while in Dewalquea the leaf
is merely palmately decompound.

One of the leaflets (P1. XXXIII, fig. 5) shows
a mine made in the leaf substance by an insect
larva. (See p. 80.) :

Occurrence: Frontier formation, 1 mile east
of Cumberland, Wyo. Collected by F. H.
Knowlton and T. W. Stanton in 1908.

Unknown systematic position.
Phyllites ficifolia Knowlton, n. sp.
Plate XXXV, figure 3.

The leaf figured is all that was noted of this
form. It was evidently a leaf some 15 or 18
centimeters in length and about 6 centimeters
in width. Tt appears to have been elliptical-
lanceolate, very gradually narrowed at the
base, and presumably acuminate at the apex.
The margin is indistinct. There is some evi-
dence to show that there were a few low teeth,
but this is not certain. The midrib was rela-
tively strong. The secondaries, of which there
were probably about a dozen pairs, were alter-
nate, at an angle of 35° or 40°, remote in the
middle of the blade, somewhat curved upward,
and presumably camptodrome. None of the
finer nervation can be made out.

This is probably a Ficus, but in the absence
of definite knowledge concerning certain of the
essential characters it seems best to leave its
allocation to further and better material.

2 Newberry, J. S., The flora of the Amboy clays: U. 8. Geol. Survey
Mon. 26, p. 129, pl. 22, figs. 4-7, 1895.

3 Berry, E. W., The Upper Cretaceous and Eocene floras of South
Carolina and Georgia: U. S. Geol. Survey Prof. Paper 84, p. 42, 1914.
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Occurrence: Frontier formation, 1 mile east
of Cumberland, Wyo. Collected by F. H.
Knowlton and T. W. Stanton in 1908.

Phyllites dentata Knowlton, n. sp.
Plate XXXIV, figure 8.

The example figured is all that was found of
this form. It is a segment apparently from
the middle portion of a narrowly lanceolate
leaf of membranaceous texture. It was acu-
minate at the apex, but the base is not known.
The margin is provided with numerous low,
sharp-pointed teeth. The nervation consists
of a rather strong midrib and several pairs of
alternate thin secondaries which arise at a low
angle and arch and join well inside the margin,
sending branches from the outside to the mar-
ginal teeth. There are a few intermediate sec-
ondaries. The nervilles are numerous, rather
strong, and usually broken, forming irregular
areas.

This leaf, although a mere fragment, is so
entirely distinet from any other form found in
these beds that it merits recognition.

Occurrence: Frontier formation, 1 mile east
of Cumberland, Wyo. Collected by F. H.
Knowlton and T. W. Stanton in 1908.

Phyllites sp.
Plate XXXV, figure 4b.

The basal portion of the leaf here figured
seems to represent a very distinet form that can
probably be recognized if found in the future.
It appears to have been ovate, the base at first
abruptly rounded, then projected downward
into a wedge-shaped portion. The rather
slender, curved petiole is apparently complete.
The margin is entire. The nervation consists
of a rather slender midrib, a pair of very slender
secondaries just above the basal margin of the
blade, and a pair of opposite secondaries some
distance above the base. These upper second-
aries, or perhaps “ribs,” have branches on the
outside that curve upward along and perhaps
end in the margin. These “ribs’’ do not join
with the midrib where they come into contact
with it but are distinct and run down along the
midrib almost to the base of the leaf. The finer
nervation can not be made out with certainty.

Occurrence: Frontier formation, 1% miles
south of Cumberland, Wyo., in the SE. } sec.
6, T. 18 N., R. 116 W. From same horizon as
plant beds 1 mile east of Cumberland. Col-
lected by T. W. Stanton September 1, 1913.

SHORTER CONTRBIBUTIONS TO GENERAL GEOLOGY, 1917.

FORMS EXCLUDED FROM THIS FLORA.
Genus TRICHOPTERIS.

Trichopteris filamentosa Hall, in Frémont, op. cit., Appen-
dix B, p. 306, pl. 2, fig. 6, 1845.
Trichopteris gracilis Hall, idem, p. 307, pl. 1, fig. 5. ,
This genus with two species was established
by Hall, but clearly the forms are only rootlets
of ferns.
Phyllites fremonti Unger.

Phyllites fremonti Unger, Genera et species plantarum
fossilium, p. 503, 1850. Leaf of a dicotyledonous
plant (?) Hall, in Frémont, op. cit., Appendix B,
p. 307, p. 2, fig. 4, 1845.

There is much doubt about the propriety of
including this species in the present flora.
It was placed by Hall at the end of the de-
scription of this flora, with the following
remarks:

Locality in the neighborhood of the specimens con-
taining the preceding fossils and regarded by Capt. Fré-
mont as belonging to the same formation. The rock con-
taining them is a soft or very partially indurated clay,
very unlike the hard and brittle mass containing the
other species.

The probability that it did not come from
the vicinity of the Cumberland locality is
further strengthened by the chance statement
“Fr. Aug. 17, and No. 201 of collection,”
which appears to mean that it was collected on
Friday, August 17, whereas the others are re-
corded under the date of August 19. Fré-
mont’s itinerary for the earlier date * indicates
that on that day the expedition encamped on
Blacks Fork of Green. River, some 40 miles
east, of the locality reached on August 19. In
the low hills bordering the stream he found
“strata containing handsome and very dis-
tinct vegetable fossils.” This locality is pre-
sumably in the Green River formation, and if
the above reasoning is correct, it appears to
dispose of the reference of this species to the
Colorado flora under consideration. The type
specimen is now lost, and hence it is impossible
to study the matrix in which it was preserved.

This leaf was named and described by Unger
as Phyllites fremonti, from Hall’s figure, and
Unger fell into the usual error of ascribing it
to Oregon, as the expedition went to ““ Oregon
and north California.” The above history has
been given at some length for the purpose of
setting forth the unsatisfactory status of this
species and thus preventing future misunder-
standing.

1 Frémont, J. C., op. cit., p. 130.
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PLATE XXVIII.

Fieures 1-4. Tapeinidium? undulatum (Hall) Knowlton, n. comb

2a. Pinnules from figure 2, enlarged about three and one-half times to show nervation........
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FOSSIL FLORA FROM THE FRONTIER FORMATION.
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PLATE XXIX.

Ficures 1-4. Microtaenia variabilis Knowlton, n. Sp.. .. ... ... i

4a. Uppermost pinnule in figure 4, enlarged three times to show nervation and sori



PLATE XXX.

Fiaures 1, 2. Microtaenia paucifolia (Hall) Knowlton, n. comb. ..o oo iiiiiaccaaanne
8, 4. Dryopteris eoloradensis Knowlton, 1. B . cqcedeenaoseacsivemtiosh o ctiomoisniome oo e eosaionnessnassn
b. Dennstaedlia? fremonty (Hall) Enowlton, I C0Mb: cuiaueiicisidecimmaiminn. o s vasmatavuiassneoe
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FOSSIL FLORA FROM THE FRONTIER FORMATION.




U. S. GEOLOQICAL SURVEY PROFESSIONAL PAPER 108 PLATE XXXI
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PLATE XXXI.

Ficure 1. Dennstaedtia? fremonti Knowlton, n. sp.. .. ... . i iiieeiiieaaacaaaaaaaaan —
2-5. Asplenium occidentale Knowlton, I SP ...
6. Anemia fremontt KNowlton, I, 8P« ottt i iea e ceeacacaaaaeiaaeaaccaaaaaaaaaaaaana
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PLATE XXXII.

Freures 1-3. Anemia fremonti Knowlton, n. sp.............. e w RS ¥ 5 S e R S e e
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