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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1916.

EVAPORATION OF BRINE FROM SEARLES LAKE, CALIFORNIA.

By W. B. Hicxks.

INTRODUCTION.

The bed of crystalline salts known as Searles
Lake,! in southeastern California, contains the
most valuable potash-bearing brine known in
the United States. This salt body has an ex-
posed surface area estimated at 11 or 12
square miles and an average depth of about 70
feet. For the most part it is firm and compact
enough to support a wagon and team, even
during unusually wet seasons, when it is some-
times flooded with & thin sheet of water that
dissolves the surface salts to a slight extent.
‘The deposit contains in the interstices between
the salt GIYDtI\\IS » saturated brine the volume
of which is estimated to be more than 25 per
cent of that of the entire saline mass.? _

The brine contained in this so-called lake car-
ries about 2.1 per cent of potassium, or the
equivalent of about 4 per cent of potassium
chloride. It is composed chiefly of the chlo-
rides, sulphates, carbonates, and borates of
sodium and potassium. It is essentially differ-
ent from the brines used in the manufacture of
potash in Germany, and on that account a dif-
erent process is required for the extraction of
the potassium from it. Economical methods
for extracting the commercial salts, including
potash, from this brine are now eagerly sought,
but none yet tried have been proved commer-
cially successful. Fractional evaporation and
crystallization form an essential part of the
methods which appear to give the most promise,
and detailed knowledge of the effect of evapo-
ration on these brines is therefore of special
interest. It is difficult to predict from theo-
retical considerations what will be the effect of
evaporation on the various constituents of so

1 For o detailed description of this so-called lake, see Gale, H. 8.,
Salines in the Owens, Searles, and Panamint basins, southeastern Cali-
fornia: U. 8. Geol. Survey Bull. 580, pp. 265-317, 1914 (Bull, 580-L).

8 Gale, H. 8., op. cit., p. 274,

complicated a system as that represented by
the brine of Searles Lake. All the necessary
data for an adequate discussion of the subject
have not been worked out, and direct experi-
mental data on the evaporation of brines of
similar composition are meager.

In a recent Survey report by the writer*
some results have been presented which were
intended to throw further light on conditions
governing the deposition of salts fromsolution
and thus to aid in solving the problem of ex-
tracting potash from American natural brines.
Solutions prepared in the laboratory were
employed in the experiments. Simple salt
mixtures were used at first, and by gradually
including other salts more complex brines were
obtained and subjected to evaporation, al-
though none were strictly comparable with
those found in nature. It was not possibleto
do more than a small part of the experimental
work contemplated at the time, and the results
were presented as a first chapter in the study of
the general subject of potash brines. Some of
the data obtained are significant and suggest
the importance of a more thorough investiga-
tion of the subject.

As a continuation of the experiments just men-
tioned, the natural brine from Searles Lake, Cal.,
has been subjected to fractional evaporation”
and crystallization, and the effect determined
by analyzing the crystals that separated from
the solution. The results are presented in the
present paper as a second contribution in the
study of potash brines. It is hoped that they
may be of value in developing an economical
process for the extraction of the commercial
salts from American brines and also in studying
those general geologic problems with which the
deposition of salts from solution is connected.

3 Hicks, W. B., Evaporation of potash brines: U. 8. Geol. Survey
Prof. Paper 95, pp. 64-72, 1915 (Prof. Paper 95-E).

1
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Because of the acute condition in the potash
situation and the eagerness with which econom-
ical methods for the extraction of potash from
brines are sought, it seems desirable to give to
the public as rapidly as possible all informa-
tion bearing on the subject. This has led to
the publication of this paper at the present
time, although only a small part of the experi-
mental work planned has been done. The re-
sults here set forth may be supplemented later.

THE BRINE.

Six samples of brine from Searles Lake were
collected May 14, 1912, by R. B. Dole, and
were preserved in sealed glass bottles. Each
sample represented about equal quantities of
brine from several wells as indicated below:

Samples of brine from Searles Lake, Cal.

No. Source. Location.a Depth.
Feet.
Brine at surface....| SW, % sec. 15... 2
1 {Well 8. E. V......|... Y U U 20
Well S. BE.IV...... NE. % sec. 23... 20
Well B............ SE. $sec. 15... 30
2 (Well AL _.......... NE. {sec. 22... 25
WellS. E. VI...... Center sec. 22. . - 30
Well E.6........... SW. % sec. 22... (€3]
3 Well S. E. 6........ Center sec. 23. . ?)
S {Well E. 8........... SW. % sec. 23... Deep.
Well oo ... ... NE. +sec. 26... Shallow.
Well S. E.3........ NW. {sec. 25.. Deep.
4 WellS.E. 4........ NE. $sec. 25..| Very deep.
Well S. E. 8........ SE. 1 sec. 25...| Very deep.
WellB.9........... NW. {sec. 300, Deep.
Well E.10.......... NE. {sec. 310, 10
WellE.11.......... SE. }sec. 36...| Very deep.
Well E.13.......... SW. 1sec. 36... Deépest.
5 Well S.E. 2........ SE. $sec. 26... Deep.
Well S.E. I........ SW. 4 sec. 27...| Very deep.
Well N............. NW. 4 sec. 31b. 6
Well T............. SW. % sec. 28... Deep.
Well U............. NW. +sec. 28..| Very deep.
6| WellS.E.I........ SW. }sec. 27 .. Deep.

e Allin T. 25 S., R. 43 E., except as otherwise indicated.
5InT.258., R. 44 E.

In October, 1914, the writer prepared a
composite sample of brine consisting of 1 liter
from each of the six bottles described above.
The brine was filtered from the suspended
matter, thoroughly mixed, and preserved in a
large bottle closed with a rubber stopper.
‘When this solution was allowed to stand
crystals were slowly deposited from it. These
crystals would not redissolve readily on warm-
ing and shaking. In April, 1915, the brine was
filtered at 22.5° C., and both the crystals and
the solution were analyzed. The crystals,
collected on a Monroe crucible and dried by
suction, weighed 18 grams. Microscopic ex-

amination by W. T. Schaller showed that the
crystals were composed largely of a mixture of
sodium chloride and borax. This was confirmed
by analysis, which gave the following results:

Analysis of crystals depostted by composite sample of brine
Jrom Searles Lake, Cal.

D 21. 26
.29
L0 P 22.25
S0 4 e .49
B0 22. 51
oo .40
H,0 (by difference)......oeeeeeeeeeeinneaanan... 32.80

100. 00

Accordingly the 18 grams of crystals de-
posited from 6 liters (7.763 grams) of brine con-
tained only 4 grams of borate and like quan-
tities of both sodium and chlorine. Therefore
the quantity of each of these three constituents
deposited represents only 0.05 per cent of the
original solution, which is probably about the
limit of error in the analysis and does not ap-
preciably affect the accuracy of the analysis
of the original brine.

The filtered brine which was used in the
present investigation had a straw-yellow color
and a cloudy appearance. The composition is
given below along with that of other brines
from Searles Lake for comparison.

Composition of brines from Searles Lake, Cal.

A B - C
P 6.17 6. 34 6. 07
Na. oo 33.66 | 33.80 33. 61
Clecieee il 86.36( 37.04 37.10
SO e e 12.86 | 13.00 12. 99
(81 R 7.72| 7.24 6. 7L
£ 30 M 3.23| 2.50 3. 01
Other constituents (Li, Mg,
ALO,, Fe,0, 8iO,, Br, I, _
PO,, As,05, etc.)..coenn.... ©) .08 .51
100. 00 | 100.00 | 100.00
Total salts by summation. .. .. 34.04 | 33.91 | b32.90
. . 1.2938 [ 1.2974 |........
Specific gravity.............. { at23°C| at (?)

a This represents the combined carbonates and bicarbonates. The
amount of ﬁCOa in the original brine found by Ross was 0.55 per cent,

b Approximate. The specific gravity of this sample was not reported,
and the original analysis was stated in grams per liter.

A. Composite sample of brine prepared by the writer as
described above and used in the present investigation.
W. B. Hicks, analyst. .

B. Average of six analyses of brines from wells in
Searles Lake. Walton Van Winkle, analyst. Gale, H. 8.,
op. cit.,, p. 277. .

C. Analysis of brine from Searles Lake. W. H. Ross,
analyst. Gale, H. S., op. cit., p. 277.

Note. B and C have been recalculated to 100 per cent.
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METHODS.
METHOD OF EXPERIMENTATION.

In conducting the experiments 1,000 grams
of brine continuously stirred in a beaker was
. evaporated on the steam bath at about 78° C.
to approximately two-thirds of its original vol-
ume, and the hot solution was then separated
from the deposited crystals by filtration through
a paper filter supported by a platinum cone and
contained in a funnel surrounded by asteam coil
of brass to maintain the temperature of the
steam bath during filtration. As'much as pos-
sible of the adhering mother liquor was removed
by strong suction, and the main bulk of the
crystals were transferred to a small tared flask
and weighed. The remainder of the crystals,
which adhered to the beaker, filter paper, etc.,
were washed into a tared platinum dish, evapo-
rated to dryness, and weighed. The combined
weights so obtained represent the amount of
salts deposited during the first stage of the
evaporation. The two portions of the crys-
tals were then combined and thoroughly mixed.
The sample so prepared was designated 1 A
and was preserved in a paraffin-sealed flask for
analysis.

The filtrate, well covered to prevent evapo-

ration, was placed in a bath having a constant
temperature of 30° C. (£0.05°) and was stirred
vigorously until the temperature of the solution
adjusted itself to that of the thermostat and for
an hour or so thereafter. The deposited crys-
tals were allowed to settle and were then sep-
arated from the solution by filtration through
paper at room temperature (approximately
30° C.) and dried as much as possible by strong
suction. The main bulk of the crystals were
then transferred to a small tared flask and
weighed. Those adhering to the beaker, filter
paper, etc., were washed into a weighed platinum
dish, evaporated to dryness, and-weighed. The
combined weights so obtained represent the
amount of salts deposited during cooling from
78° C. to 30° C. in the first stage of the evap-
oration. The two portions of the crystals were
then combined and thoroughly mixed. The
sample so prepared was designated 1 B and

was preserved in a paraffin-sealed flask for °

analysis.

The filtrate obtained in the last operation
from sample 1 B was weighed, and its specific
gravity was determined by means of the

Westphal balance. The solution adhering to
the funnel, specific-gravity cylinder, etc., was
washed into a platinum dish, evaporated to
dryness, and weighed. This weight multiplied
by 3 and added to that of the main portion of
the solution gave the corrected weight of the
filtrate. The residue was dissolved in as little
water as possible and added to the main por-
tion of the solution. The combined solution
was returned to the steam bath for further con-
centration.

The process just described—fractional evap-
oration with consequent removal of the crystals
deposited during evaporation and also those
separated during cooling—was repeated at
intervals until only a small portion of the solu-
tion remained. This produced fourteen frac-
tions of crystals, representing seven stages in
the evaporation. Each fraction was analyzed,
as was also the final mother liquor, according

to the methods described below.

METHODS OF ANALYSIS.

Weighed samples of the crystals were dis-
solved in water and diluted to definite volume
(weighed samples of the brines were simply
diluted to definite volume), and aliquots each
containing roughly 0.5 gram of solids were
taken for analysis. - The determinations were
made in duplicate, and practically all the
figures given in the tables (pp. 6-7) are aver-
ages of two closely agreeing results. Common
methods of analysis were usually employed,
but short cuts were taken wherever possible,
and a brief description of the procedure there-
fore seems advisable. The sulphate radicle
was precipitated and weighed as barium sul-
phate, and potassium was estimated by the
modified chlorplatinate method.! After the
sample had been acidified with hydrochloric
acid and the borates removed by repeated
evaporation with methyl alcohol and hydro-
chloric acid, sodium was determined by weigh-
ing the combined bases as sulphates (after
igniting to constant weight with ammonium
carbonate) and subtracting the potassium sul-
phate. Chlorine was determined by titration
with N/10 silver nitrate after neutralizing the
solution with nitric acid, and the borate radicle
was estimated by titration with N/10 sodium
hydroxide in the presence of mannite and

_ 1 Hicks, W. B., A rapid modified chlorplatinate method for the esti-
mation of potassium: Jour. Ind. Eng. Chem., vol. 5, pp. 650-653, 1913.
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phenolphthalein. The carbonate radicle was
determined by titrating with N/10 hydrochlo-
ric acid in the presence of methyl orange and
subtracting the borate equivalent, and there-

fore the results include both carbonates and

bicarbonates. The latter were not evaluated.
Other constituents that have been reported in
traces or in very small amount in the brine
were disregarded.

RESULTS."
SUMMARY OF STAGES IN THE EVAPORATION.

By conducting the experiments according to
the methods above described, fourteen fractions
{00

grams additional were deposited, which were marked 1 B.
The filtrate that was separated from the crystals had a °
specific gravity of 1.278 at 30° C. and weighed 750 grams.

Second stage.—The 750 grams of solution remaining from
the first operation was concentrated on the steam bath to
about two-thirds of the original volume, and 28.93 grams
of solids were deposited. The crystals so obtained were
designated 2 A. When the filtrate was cooled from 78°
to 30° C., 14.30 grams of solids, marked 2 B, were de-
posited. The filtrate remaining after the separation of
the crystals had a specific gravity of 1.282 at 30° C. and
weighed 617 grams.

Third stage.—The 617 grams of solution obtained in the
second stage was concentrated on the steam bath at 78° C.
to about 500 cubic centimeters. During this treatment
21.52 grams of salts, designated 3 A, separated from the
hot solution. The solution was then cooled from 78° to
30° C., when an additional deposition

0

of 13.56 grams occurred. This lot was
designated 3 B. The filtrate that was
separated from the crystals had &

specific gravity of 1.295 at 30° C. and
weighed 502 grams.

Fourth stage.—The filtrate from the
third stage, amounting to 502 grams,
was evaporated to about two-thirds

3

its volume on the steam bath at 78°
C., resulting in the separation from
the hot solution of 41.01 grams of

salt, designated 4 A. When the solu-
tion was cooled from 78° to 30° C.,

8.88 grams of crystals separated.
These were marked 4 B. The filtrate
remaining had a specific gravity of

PERCENTAGE DEPOSITED
w
o

NN
Xg,

1/

ESaSEN

1.318 at 30° C. and weighed 351 grams.
Fifth stage.—The 351 grams of solu-
tion obtained as indicated above was

evaporated to about 200 cubic centi-
meterson the steam bath at 78° C.,and

during this process 28.81 grams of crys-
tals were deposited from the hot solu-
tion. These were designated5A. Cool-

A/
78
i} / / / /Z/‘/
o — : |
1,000 900 800 700 600 500 400 300 200 100 [e]

ing from 78° to 30° C. resulted in the
deposition of 14.31 grams of crystals,
designated 5 B. The solution that was

GRAMS OF SOLUTION

FIGURE 1.—Diagr5m showing the percentages of the various constituents deposited during evapo-

ration of brine from Searles Lake, Cal.

of crystals, representing seven stages in the
evaporation, were obtained. A summary of
the procedure followed is given below, together
with the quantity of salts making up the
several fractions and the weight and specific
gravity of the solution remaining after each
stage in the evaporation. ‘
First stage.~—1,000 grams of brine from Searles Lake
was evaporated on the steam bath at 78° C. to about two-
thirds of the original volume, and during this process 75.00
grams of salts, which were designated 1 A, separated from
the hot'solution. On: cooling from 78° to 30° C., 19.11

separatedfrom thecrystalshad aspecific
gravity of 1.351 and weighed 230 grams.

Sizth stage.—The filtrate remaining
from the fifth operation, which amount-
ed to 230 grams, was concentrated on the steam bathat78°C.
toabout 100 cubic centimeters. The salts deposited during
the evaporation from the hot solution weighed 24.68 grams
and were designated 6 A. Those deposited during cool-
ing from 78° to 30° C. weighed 29.37 grams and were desig-
nated 6 B. The filtrate had a specific gravity of 1.386 at
30° C. and weighed 114 grams. .

Seventh stage.—The 114 grams of solution obtained as
described above was evaporated on the steam bath at
78° C. to about 50 cubic centimeters, and the salts de-
posited during this operation from the hot solution
weighed 19.22 grams and were designated 7 ‘A. The
crystals that separated on the cooling of the solution from
78° to 30° C. weighed 10.41 grams and were marked 7 B.
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The solution that was separated from the crystals had a
specific gravity of 1.399 at 30° C. and weighed 55 grams.
This solution represents the final filtrate, indicated in
Tables 1, 2, and 3 by the number 8.

TABULATION OF RESULTS.

Each of the fractions of crystals obtained in
the experiments just detailed was analyzed, as
was also the final filtrate.

5

ration, have been plotted and are shown graph-
ically in figure 2. -

Nos. 1 to 8 in the tables represent the
successive stages in the evaporation. The
letter A refers to the crystals deposited from
the hot solution during the process of evap-
oration; B has reference to the crystals depos-

The results are given in Table '
1 and have been used in com-

puting the hypothetical com-
binations given in Table 2.

The figures in Table 2 were 12

obtained by calculating all the

v
~

potassium to potassium chlo-
ride and the borate, carbonate,
and sulphate radicles to the

Na

{/

-3

corresponding sodium salts and
supplying enough sodium chlo-

0

ride to make the results add
up to 100. Although this meth-

o

od of computation conceals
the small error of closure, it
was used because of its sim-

~

plicity. The percentages of
the several constituents depos-

(2]

ited from solution as evapo-
ration progressed have been

ur

calculated and are set forth in
Table 3 and shown graphically

P

in figure 1. The composition

PERCENTAGE OF THE VARIOUS CONSTITUENTS IN SOLUTION

17
/|

e

/.

of the solution remaining after \ / o
each stage in the evaporation ¥ .|, N ] I
has bfaen computed f1:om the .~ | T L g
quantity and composition of e \ﬁ | &
the various fractions of crys- D ~—~1 |
tals, the composition of the _ __/// Tk
final filtrate being used as a !
basis. The data so obtained,
together with the composition o 4
. 1000 900 800 700 600 500 -400 300 200 100 0

of the original brine and that
of the final mother liquor, are
presented in Table 4. These
values, which give the changes in the composi-
tion of the solution resulting through evapo-

GRAMS OF SOLUTION

FIGURE 2,—Diagram showing the changes in the composition ol the solution resulting through

evaporation of brine from Searles Lake, Cal.

ited as the solution was cooled from 78° to -
30° C. ’



TABLE 1.—Percentage composition, in radicles, of the crystals deposited during fractional evaporation.

Ky

2 7
- 8
A B A B A B A B A B A B A B
KoLl 0. 96 0.72 1.14 0. 87 1. 54 1. 37 1.72 17 1.95 | 40.35 3.21 | 30.03 5.29 | 31.68 11. 97
Na.oo . 35.45 | 38,61 | 36.51 | 38.71| 37.28| 37.94| 37.00] 37.58 | 37.27 8.87 | 36.04| 12.87 | 35.60 { 12.14 29. 36
Cl.o L. 14.73 | 59.92| 30.22 | 59.43| 50.99 | 58.99 | 45.20 | 58.98 | 46.76 | 47.92 | 44.03 | 31.10 | 21.64 | 32.51 22.33
SO e 36. 98 .22 23.51 . 28 6. 60 .47 | 10.49 .31 9.16 .39 8. 55 1.03 6.71 .77 3.07
COg e 11. 34 .21 8.03 .31 2.90 .53 4.68 .52 3.99 1. 36 6.54 | 5.57 | 26.83 4.96 21.23
BOge o .54 .32 .59 .40 .69 .70 .91 .83 .87 1.11 1.63 | 19.40 3.93 | 17.94 12.04
100. 00 | 100. 00 | 100. 00 | 100. 00 | 100. 00 | 100. 00 | 100. 00 | 100.00 | 100.00 | 100.00 | 100. 00 | 100. 00 | 100. 00 | 100. 00 }2100. 00
H,0 by difference................. -+ 7.60 3.89 6. 74 3.18 8. 64 6.36 | 11.72 2. 34 821 9. 60 8.67| 3521 23.59 { 28.99 59.91
Anhydrous salts:
By summation...... ... .. ... ©92.40 1 96.11 | 93.26 | 96.82( 91.36 | 93.64 | 88.28| 97.66 | 91.79 | 90.40 | 91.33 | 64.79 | 76.41| 71.01 40. 09
Ignited residue............... 92.20 1 95.70 | 93.05| 96.40 | 91.50 | 93.30 | 88.40 | 97.60 | 92.20 | 90.35 | 91.00 | 64.15| 76.10 | 71.20 40. 80
Weight of crystals........_. grams..] 75.00 | 19.11 ( 28.93 | 14.30 | 21.52 | 13.56 | 41.01 8.88( 28.81{ 14.31| 24.68 | 29.37 | 19.22 | 10.41 |........
o The solution also contained 0.22 per cent arsenic=0.55 per cent of the anhydrous salts.
TaBLE 2.—Percentage composition, in hypothetical combinations, of the crystals deposited during fractional evaporation.
2 7
8
A B A B A B A B A B A ‘B A B
KOl oo 1.83 1.37 2.17 1.66 2.93 2. 61 3.28 3.39 3.72 | 76.90 6.12 | 57.25 | 10.08 | 60.37 22. 80
NaCl... ..., 22.72 | 97.52| 48.09 | 96.86 | 81.29 | 94.84 | 71.67 | 94.56 | 74.56 | 18.68 | 67.57 6.28 | 27.49 6.54 | 19.58
Na,SO, .o 54.75 .33} 34.81 .41 9.77 .70 ] 15.51 .46 | 13.56 .58 | 12.65 1. 53 9.94 1.14 4. 54"
Na,COg. oo 20. 00 .37 | 14.17 .55 5.12 .94 8. 26 .52 7.04 2.40 | 11.55 9.84 | 47.40 8.75 37.50
Na,B,Ogeoooee .70 .41 .76 52 .89 .91 1.18 1. 07 1.12 1. 44 2.11 | 25.10 509} 23.20 15. 58
100.00 | 100.00 | 100.00 | 100.00 | 100.00 } 100.00 | 100.00 | 100.00 | 100. 00 | 100. 00 | 100. 00 | 100. 00 | 100. 00 | 100.00 | 100.00

‘9161 ‘AH0TOEH TVHANAD OI SNOILAIIHIINOO HALYOHS
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TABLE 3.—Percentages of the constituents deposited during fractional evaporation.

[The first column for each constituent gives the i)ercentuge deposited at each stage; the second column gives the total percentage.]

Stage. ) K. Na. Cl. SO,. CO;. B,0,.

1A... . 3.19 ( 21.44 | 21.44 | 8.23 | 8.23 [ 58.50 | 58.50 [ 29.88 | 29.88 | 3.36 3.36

1B.. . 3.81 | 6.19]27.63 | 8.90 | 17.13 .09 | 58.59 .15 ] 30.03 .55 3.91

2 A . 5.20 | 8.59|36.22) 6.60 | 23.73|14.47 | 73.06 | 8.2538.28| 1.45 5. 36

2B... . 5.86 | 4.68]40.90 ] 6.65 ) 30.38 .09 ] 73.15 .15 | 38.43 .55 5.91

3A... . 7.29 | 6.40 |1 47.30 | 8.10 | 38.48 | 2.97 | 76.12 | 2.17 | 40.60 | 1.27 7.18

3B... . 8.10 | 4.20 | 51.50 [ 6.05 | 44.53 .14 [ 76.26 .27 | 40.87 .82 8.00
4A... 2.95]11.05 ] 11.68 | 63.18 ) 13.22 | 57.75 | 8.68 | 84.94 [ 6.43 | 47.30 | 3.00.[ 11.00

4B... 7111176 | 2.84 1 66.02 | 4.13 | 61.88| .07 | 85.01 .19 | 47.49 .64 | 11.64

5 A.. 2.48 1 14.24 | 8.61 ) 74.63)10.00 | 71.88 | 5.52 | 90.53 | 3.99 | 51.48 | 2.09 | 13.73

S B 24.85(39.09 | 1.00| 75.63 | 5.01 | 76.89 .11 90. 64 .68 ]562.16 [ 1.27 [ 15.00

6 A.. 3.43 |1 42.52 | 7.08 | 82.7L| 8.02{84.91| 4389502 563 (57.79| 3.36| 18.36

6B... 27.22169.74 | 2.14 | 84.85 | 4.79 | 89.70 .46 1 95.48 | 4.03 | 61.82 | 33.51 | 51.87

7TA... oo 3711 73.45 | 4.56 | 89.41 ) 2.57 [ 92.27 | 2.26 | 97.74 | 14.97 | 76.79 | 5.28 [ 57.15

7 B.. . 11,14 | 84,59 .79190.20 | 1.94 [ 94.21 .14 1 97.88 | 1.41 ) 78.20 ) 12.09 | 69.24

8 12,57 | 97.16 | 5.66 | 95.86 | 3.98 [ 98.19 | 1.55 | 99.43 | 17.80 | 96.00 | 24.20 | 93.44

TanLe 4.—Changes in the composition of the solution during fractional evaporation.
, - | Percent ition of the soluti lculated). | Potas-
S (Qg;g;‘m Eg)ﬁec ercentage composition of the solution (calculated) s}??[fgasin
avit; \
N mEES
| ton 130°C.| K. [ Na | CL | 80, | CO; | B,O,. |Total | (per
grams).| 550G . cent).
Original solutione _..........| 1,000 {1.292 | 2.10 | 11.46 [ 12.37 | 4.38 | 2.63 | 1.10 | 34.04 | 6.16 0.18
P 750 | 1.278 { 2.69 ] 10.88 | 13.60 | 2.39 | 2.41 | 1.40| 33.37 | 8.06 .26
2 617 | 1.282 | 3.19 ] 10.66 | 13.85 | 1.87 | 2.55 | 1.67 | 33.79 | 9.44 .30
S 502 [ 1.295 | 3.84|10.57 | 13.46 | 2.03 | 3.10 | 2.00 | 35.00 | 10 97 .36
e e 351 [ 1.318 | 5.26 | 10.17 | 13.04 | 1.81| 3.79| 2.74| 36.81 | 14.30 .52
2N 230 1 1.351 | 5.45 | 10.50 | 11.66 | 1.68 | 5.22 | 4.01 | 38.52 |'14.15 .52
B e s 114 | 1.386 | 5.20 [ 11.54 ] 9.39( 1.53 | 8.21 | 4.29] 40.16 | 12.95 .45
Tttt 55 11.399 | 4.80 | 11.77 | 8.95| 1.23 | 8.51| 4.83 | 40.09 | 11.97 .41
a Values determined by actual analysis.
DISCUSSION. brine. The final equilibrium at any tempera-

Before discussing the results presented in the
tables, it will be well to recall the fact that
before the fractional crystallization began so-
dium chloride and borax had been deposited
from the brine on standing at 22.5° C. Al-
though undetermined factors make deductions
inconclusive, the facts indicate that when
the temperature is lowered these constituents
must separate from the solution in order that
equilibrium may he attamed for the new con-
ditions. It might be inferred that by lowering
the temperature still further larger amounts of
sodium chloride and borax would leave the so-
lution. Fowever, as the solubility of sodium
sulphate decreases rapidly when the tempera-
ture is lowered below the transition point, this
constituent might separate out in large amounts
at low temperature. In principle the same
argument may be applied to the potassium
chloride and sodium carbonate contained in the

ture is dependent on the solid phases which
separate and must therefore be determined
experimentally.

By reference to the tables it will be seen that
more than 58 per cent of all the sulphate orig-
inally present in the brine was deposited from
the hot solution in the first fraction of crystals,
which is composed of nearly 55 per cent of
sodium sulphate, large amounts of carbonate
and chloride, and only small amounts of borate
and salts of potassium. In the other fractions
of crystals that were deposited from the hot
solution as evaporation progressed the sulphate
radicle is a chief component. “When the brine
had been reduced to half its original volume,
more than 76 per cent of all the sulphate had
been deposited, and in the final filtrate less than
2 per cent of it remained. It is significant that
only small quantities of sulphate were found in
the several fractions of crystals deposited as
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the solution was cooled from 78° to 30° C.

These facts point to the conclusion that sodium -

sulphate is less soluble in the hot solution than
it is at 30° C., a conclusion which is in accord
with experlmental data on the solubility of
sodium sulphate in pure water.

The behavior of the carbonate radicle was
somewhat like that of the sulphate. A large
" portion came down in the first crop of crystals
and in all the succeeding fractions that were
deposited from the hot solution during evapora-
tion (marked A in the tables). However, a
considerable amount separated out during cool-
mng from 78° to 30° C. in fractions 6 B and
7 B, and nearly 18 per cent of the total amount
in the original brine remained in the final
filtrate. The results are somewhat difficult to
interpret but point out clearly that the car-
bonate is at least as soluble in the cold solution
as in the hot until about the fifth stage in the
-evaporation. Then, in the presence of a greater
concentration of potassium, the carbonate is
much more soluble in the hot solution.

At this point it seems pertinent to call atten-
tion to an experiment conducted by the writer
with the view of showing the possibility of re-
moving the carbonate from the brine by the
action of carbon dioxide. This gas was passed
at the rate of several bubbles a second through
100 grams of the brine at room temperature

No visible action was apparent for some time.

Finally a precipitate began to form and to
adhere to the bottom and sides of the con-
tainer. After about six hours no further action
was perceptible and the reaction appeared to
be completed. The residue, which was filtered
from the solution through a tared Monroe
crucible, weighed 5.85 grams. It was analyzed
with the following results:

Analysis of precipitate produced through action of carbon
diozide on brine.

- 26.27
K i . 68
L0 R 4.28
£ .65
(o0 Y 4,13
HCO;z coii i 53. 36
BiOg i 1.06
H,0 (by difference). . ....... ...l 9. 57

100.00

The solids which separated through the action
of carbon dioxide on the brine contained 73.6
per cent of sodium bicarbonate and 9.57 per
- cent of water. The original brine contained

1916.

2.63 per cent of CO,, and so the deposition
represents 67.5 per cent of all the carbonate
originally present in the brine.

Small amounts of borate separated from the
hot solution and also during cooling in all the
fractions of crystals, but at the beginning of
the sixth stage in the evaporation, when only
114 grams of the solution remained, the total
quantity of borate that had been deposited was
only about 18 per cent of the amount originally
present. More than 45 per cent of the borate
separated in the two fractions 6 B and 7 B as the
solution was cooled from 78° to 30° C., and more
than 24 per cent remained in the final filtrate.
The results show that the borate became more
soluble in the solution as the concentration of
the potassium and carbonate radicles increased
and that of chloride and sulphate decreased.

Although potassium separated in increasing
amounts in all the succeeding fractions of
crystals up to the fifth stage, only about 8 per
cent of that originally present was lost from
solution by reducing it to half the original
volume and increasing the concentration of the
potassium to nearly 4 per cent. This loss is
somewhat higher than that recorded in the
experiments with artificial potash brines.!

More than 60 per cent of all the potassium
was deposited on cooling the solution from
78° to 30° C. in fractions 5 B, 6 B, and 7 B, and
12.57 per cent remained in the final filtrate.
Residue 5 B, representing 24.85 per cent of all
the potassium in the original brine, contained
the equivalent of 76.9 per cent of potassium
chloride, with sodium chloride as the principal
impurity. Residues 6 B and 7 B, representing
more than 48 per cent of all the potassium in the
brine, contained 57 and 60 per cent, respectively,
of potassium chloride, but in these residues
carbonates and borates are the chief impurities.

The data here recorded indicate that care-
fully controlled fractional evaporation and
crystallization, possibly combined with other
treatment, promise much as a means of obtain-
ing potassium from brines similar to that of
Searles Lake. A wider range of temperature
suggests itself at once, and other possibilities
are apparent. However, many pointsin regard
to the behavior of the constituents of the brine
under varying conditions remain to be studied
before the problem can be adequately discussed.

1 Hicks, 'W. B., Evaporation of potash brines: U. S. Geol. Survey
Prof. Paper 95, pp. 65-72, 1915 (Prof. Paper 95-E).



RELATION OF THE WISSAHICKON MICA GNEISS TO THE SHENAN-
DOAH LIMESTONE AND OCTORARO SCHIST OF THE DOE RUN
AND AVONDALE REGION, CHESTER COUNTY, PENNSYLVANIA.

By Ereanora F. BLiss

AREA DISCUSSED.
The region discussed in this paper lies in
Chester County, Pa., and is included in the
eastern half of the Coatesville quadrangle.

and Axxa I. JonNas.

| southern half, the Avondale region (see fig. 5,

p. 17), has been studied by Anna I. Jonas in
order to determine the relation of the Wissa-
hickon mica gneiss to the Shenandoah lime-

(See fig. 3.) It is within the belt of crystal- | stone.
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FIGURE 3.—Index map showing location of Doe Run'and Avondsle region, Chester County, Pa.

line schists and gneisses of the Piedmont
Plateau. The northern half of the area, which
will be called the Doe Run region, from the
village of that name (see fig. 4, p. 15), has been
surveyed by Eleanora F. Bliss in connection
with the problem of the relation of the Wissa-
hickon mica gneiss to the Octoraro schist. The

The field work was done during parts of the
summers of 1906 and 1909 in connection with
a thesis problem at Bryn Mawr College, under
the direction of Miss Florence Bascom, pro-
fessor of geology at Bryn Mawr, to whom
thanks are due for criticism and assistance in
the preparation of the results for publication.

9




Approximate correlation of sedimentary formations of Doe Run and Avondale region, Pennsylvania.

Southern Appalachian region.

New Jersey.

District of Co- | Doe Run and Avondale . . . ~, .
Geologic age Keith Harpers Ferry region: | lumbia:Keith region, Pennsylvaunia: Phl.;ladellglzlghﬂaéz%l (;35 . ! Le\}r‘ivcinior'kMe?:'fl}; (Qgg, New England: Pumpelly, Wolff, and Dale (Mono-
° ’ ’ Darton (Franklin, Mon- Keitl} (Harpers Ferry | (Washington Bliss and Jonas (this fot:s:)o p . Spencer and Kimmel Darton and Bayley (Pas- York glty folio). graph 23).
Campbell (Bristol folio). terey, and Staunton folio). folio). paper). . Bascom (Trenton folio). slei'ankhn  Furnace saic folio).
Nantahala folio. Roan Mountain folio. folios). folio). ’
Rowe schist.
Athens shale. Athens shale. Martinsburg shale. Martinsburg shale. Absent. Octoraro schist. Octoraro schist. Absent. Martinsburg shale. Hudson schist. Hudson schist. Grevlock schist.
Bel%wspipe limestone. | Hoosac schist.
Ordovician. Berkshire schist.
Absent. Chickamauga limestone. Jacksonburg limestone.
Knox dolomite. Knox dolomite.
Nolichucky shale. Nolichucky shale.
. Shenandoah limestone. | Shenandoah limestone. | Absent. Shenandoah limestone. | Shenandoah limestone. | Shenandoah limestone. | Kittatinny limestone. | Absent. Stockbridge dolomite. | Stockbridge limestone.
Honaker limestone. Honaker limestone. v
ll\xlgiczltregrvsq;::aﬁréz;te. Watauga shale. Russell formation.
Cambrian. Murphy marble. Shady limestone. Absent.
Valleytown formation. Erwin quartzite. Absent. Antijetam sandstone.
Brasstown schist. Absent. :
%:i%:f]t:l: gﬁi?zxte. Hampton shale. Hampton shale. Harpers shale. Absent. Chickies formation. Chickies quartzite. Chickies quartzite. Hardyston quartzite. Absent. Poughquag quartzite. Vermont quartzite.
Great Smoky conglomerate. Unicoi f £ Unicoi § . Weverton sandstone.
Hiwassee slate. nicol formation. nicoi formation. Loudoun formation.
Unconformity
Franklin limestone. Franklin limestone. Franklin limestone.
Wissahickon mica gneiss. | Wissahickon mica gneiss.
Wissahickon micagneiss.
Pre-Cambrian. Carolina gneiss. Carolina gneiss. Carolina gneiss. Baltimore gneiss. Garnetiferous graphite | porqham gneiss.

Baltimore gneiss.

Baltimore gneiss.

schist.

30830°—17.
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DESCRIPTIVE GEOLOGY.

GENERAL RELATIONS.

All the rocks of this region have a like geo-
logic history. The formations consist of meta-
morphic rocks, ranging in age from pre-Cam-
brian to Ordovician, and all of them are cut
by fresh diabase dikes of the Triassic period.
The high degree of metamorphism shown by
the rocks of the region is characteristic of the
formations of the southeastern part of the
Piedmont Plateau as contrasted with those of
the northwestern part, where dynamic action
was less effective than in the southeast.

The succession of formations in the Coates-
ville quadrangle is as follows:

Metamorphic rocks:
Ordovician: Octoraro schist.
Cambrian and Ordovician: Shenandoah limestone.
Cambrian: Chickies formation.
Pre-Cambrian:
Wissahickon mica gneiss.
Baltimore gneiss.
Igneous rocks:
Triassic: Diabase.
Pre-Silurian or younger:
Pegmatite.
Serpentine.
Early Cambrian or older: Metagabbro.

The Baltimore gneiss is a part of the pre-
Cambrian floor upon which the Paleozoic sedi-
ments were laid down. The Lower Cambrian
represents coarse arenaceous sediments that
were irregularly deposited on this floor. After
the accumulation of these deposits the cal-
careous materials of the Cambrian and Ordo-
vician periods were laid down and subsequently
covered by claysof Ordovician age. Thesesedi-
ments have been altered in character, structure,
and extent by compression, folding, uplift, and
erosion. During Triassic time they were partly
submerged, and gravel, sand, and clay were
spread over the old eroded surface; these ma-
terials, in turn, have suffered partial removal
by erosion, which cut through the Paleozoic
rocks to the pre-Cambrian gneiss of the origi-
nal floor.

The accompanying table shows the correla-
tion of these formations with the rocks of New
England, eastern New York, Maryland, Vir-

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1916.

ginia, and the southern Appalachian region.
The distribution of these formations in the
Doe Run and Avondale region is shown on
Plate I.

It may be of interest to note the work of
earlier investigators in the Philadelphia region.
Conclusions on these formations published by
the First and Second geological surveys of
Pennsylvania are somewhat similar to each
other. :

H. D. Rogers,! of the First Geological Survey,
included all the gneisses (the Baltimore gneiss,
the Wissahickon mica gneiss, and the granite,
gabbro, and hornblende gneisses) in the older
crystalline gneissic strata, which he grouped in
three belts exposed in section on Schuylkill
River from Grays Ferry, in Philadelphia,
northward to Spring Mill. The first and
second gneiss belts include the Wissahickon
mica gneiss and an intrusive granite gneiss; the
third belt represents the Baltimore gneiss. He
called the Chickies formation ‘Primal white
sandstone,” which he made equivalent to the
Potsdam or Upper Cambrian of New York; the
Shenandoah limestone he called ‘‘Auroral
magnesian limestone,” which he correlated
with the Chazy and Black River limestones of
New York; the Octoraro schist he called
“Primal upper. slate” and placed over the
“Primal sandstone.” .

C. E. Hall? of the Second Geological Survey,
substituted the terms ““Eozoic,” Azoic gneiss,”
and “Laurentian syenite’’ for the third belt
and separated the first and second belts,
beginning at the base, into ‘“Philadelphia
schists and gneisses” and ‘“Chestnut Hill
garnetiferous schists.” The quartzite he called
“Potsdam, formation No. 1”’; the Shenandoah
limestone, ‘“formation No. 2,” described as
representing the ‘“Calciferous and Trenton
groups’’; the Octoraro schist is his ‘“formation
No. 3,” described as representing the “ Hudson
River group.” The Octoraro schist is described
by T. D. Rand ® under the term “hydro-mica
schist.”

1 Pennsylvania First Geol. Survey Rept., vol. 1, pp. 66-82, 122-183,
1825 %ennsylvania Second Geol. Survey Rept., C6, pp. 1-47, 18S1.
2 Rand, T. D., Notes on the geology of Radnor Township, in Delaware

County, Pa., and of the townships adjacent: Pennsylvania Geol. Survey
Ann, Rept., 1886, pt. 4, p. 1580, 1887.
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WISSAHICKON MICA GNEISS OF DOE RUN AND AVONDALE REGION, PA,

METAMORPHIC ROCKS. .
PRE-CAMBRIAN.
BALTIMORE GNEISS.

Distribution.—In the Doe Run and Avondale
region the Baltimore gneiss has a wide distri-
bution at the surface: it occurs in three areas,
one of which extends into both parts of the
region. The most northerly area is north of
Chester Valley, where gneiss underlies the
northwest corner of the region and extends
parallel to the strike from a point about a mile
north of Caln southwestward to the western
boundary of the area shown on the map. The
second - area, which is somewhat ellipsoidal in
shape with its longest diameter extending in a
northeasterly direction, lies in the central part
of the Doe Run and Avondale region. Its
northeast end is half a mile north of Upland,
and its southwest end is a mile southwest of
Chatham. The southernmost area extends
south of the towns of Avondale and West-
grove to the southern boundary of the quad-
rangle. In this southern area it has been
found difficult to make a satisfactory lithologic
separation between the Baltimore gneiss and
the Wissahickon ‘mica gneiss and it may be
eventually found that some of the rock mapped
as Baltimore gneiss may prove to be Wissa-
hickon gneiss.

Field relations.—The boundaries of the
Baltimore gneiss are formed by younger for-
mations—the pre-Cambrian Wissahickon mica
gneiss, the Cambrian Chickies formation, or
the Shenandoah limestone. The formation is
penetrated by dikes of pegmatite and diabase,
the latter intruded parallel to the strike of the

country rock. The average strike of the

Baltimore gneiss is N. 60° E., and the dip of the
schistosity 30° SE. Its structure can be
observed in stream gorges, in road cuts, and
in the railroad cuts about Landenberg. The
Baltimore gneiss produces a fertile soil, though
it is made stony by the presence of slabs of the
gneiss, which are colored a yellowish brown by
iron oxide. South of Avondale, owing to a
change in the character of the gneiss, the soil
is sandy, dark colored, and full of black biotite.

Lithologic character.—The rock is a medium-
grained crystalline, massive or banded gneiss

30830°—17——2
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composed of quartz, feldspar, biotite, and
hornblende. The relative amount of each
constituent varies widely; biotite may be
abundant or scanty; hornblende may be pres-
ent with the biotite or may replace it. The
more or less partial segregation of the leuco-
cratic and melanocratic constituents in alter-
nating layers gives the rock the gneissic struct-
ure. In many exposures the rock is entirely
disintegrated but has the gneissic structure still
preserved; the kaolinized feldspar shows in
white bands defined by the dark constituents
of the rock.

The Baltimore gneiss is composed of an
igneous and a sedimentary facies which it has
been found impossible to separate in map-
ping. The igneous facies occurs in the center
of the Baltimore gneiss area north of Coates-
ville and in a few scattered bowlders a mile
southeast of Springdell and about a mile south
of Clonmell. This rock weathers into sphe-
roidal bowlders and lacks the banding which is
characteristic of the main mass of the Balti-
more gneiss in this region. The sedimentary
facies is a light-gray banded gneiss containing
considerable quartz and a varying amount of
melanocratic constituents; a micaceous variety
occurs in which the mica is abundantly devel-
oped along planes of schistosity. Thin sections
of the sedimentary Baltimore gneiss show the
accessory minerals apatite, zircon, and magnet-
ite in slightly rounded or waterworn forms.
Quartz in a hornstone structure emphasized
by iron oxide stain forms a groundmass in
which are small blades of brown biotite whose
longer axes have a generally parallel orienta-
tion. Feldspar occurs in fresh xenomorphic
individuals of orthoclase, microcline, and oligo-
clase. ’

Analyses—The following analyses were made
on specimens of the Baltimore gneiss out-
side of the Avondale region—No. 1 represent-
ing samples obtained at six localities in the
Philadelphia region and Nos. 2 and 3 the
Baltimore gneiss of the Germantown quad-
rangle, where only the igneous facies is found.
The analyses with low alumina, lime greater
than magnesia, and soda greater than potassa
indicate a rock of igneous character. '



12 SHORTER CONTRIBUTIONS

Analyses of Baltimore gneiss.

1 2 3
70. 21 72.99 63. 93
13.95 10. 90 12. 02
1.05 .55 2. 40
3.08 2. 50 2. 95
1.26 1. 07 2. 44
3.10 1. 88 4.00
3.27 3.34 3.15
2. 69 1.20 .84
.48 1. 47 1.30
B X+ 2 DO P
.11 C1l13 .51
.52 .84 1. 04
Trace. foeeeeeenneioeanaa o,

.10 .18 (@
L2 O
T OO OISR
.09 FeS,1.61 | Fe,S;4.04
Trace. |....cooen... Trace.
R 1 Trace.
09 fo.ll CuO Trace.
Trace. |ooeeeeeee]ieeaannnnn..
100. 30 99. 66 "98. 62

a Not determined. b Not estimated.

. 1. Analysis by W. F. Hillebrand, U. 8. Geological Sur-
vey. Bascom, Florence, Piedmont district of Pennsyl-
vania: Geol. Soc. America Bull., vol. 16, p. 295, 1905.

2 and 3. Analyses by F. A, Genth, jr., Pennsylvania
Second Geol. Survey Rept. C6, pp. 116, 105, 1881.

The following norm is obtained by recalcula-
tion of analysis 1:

Norm of Baltimore gneiss.

Corundum. ......... 0. 20 | Ilmenite............. 1. 06
Quartz...ceeeeeeo.... 30.48 | Pyrite............... .18
Orthoclase. ......... 16. 68 | Magnetite........... 1.62
Albite..ooeeeee . 2777 |HO ool .67
Anorthite........... 1446 | COp. v cvveinennanne .11
Hypersthene. ....... 6. 90

Apatite............. .34 100. 47

The rock falls into Class I, order 4, rang 3,
subrang 4—that is, the salic constituents are
preponderant over the femic, the feldspar is
dominant over the quartz, the potassa-soda
percentage exceeds the lime, and finally, of the
alkalies, soda is only a little in excess of the
potassa. The rock is a biotitic hornblende
granoyellowstonose.

The analysis of the Baltimore gneiss in its
massive facies shows a rock of igneous origin.
This rock is a remnant of the ancient central
portion of the formation, which is found in the
Baltimore gneiss of the area north of Coates-
ville. The Baltimore gneiss northwest of Lon-
don Grove is thought to be of sedimentary
origin, although derived from igneous material
with little reworking. In pre-Cambrian time,

TO GENERAL GEOLOGY, 1916.

by secular disintegration, such as takes place
readily in a moist climate and in a country of
slight topographic diversity, a soil was formed
over the old igneous Baltimore gneiss land
mass. By transgression of the sea the soil and
underlying disintegrated rock were removed, re-
worked, and subsequently covered by other de-
posits. The rock formed by the consolidation
and recrystallization of this material resembles
the original rock inits constituents but possesses
sedimentary rather than igneous characteris-
tics. Folding has united the original and de-
rived rocks into a complex that is difficult to
separate into well-defined areas of igneous and
sedimentary rocks. A formation similarly de-
veloped among the pre-Cambrian gneisses of
Hoosac Mountain has been described by Pum-
pelly.t

Thickness.—As the Baltimore gneiss repre-
sents the remnant of the pre-Cambrian gneiss
floor upon which sediments of later age were
laid down, its thickness can not be estimated.

Age and correlation.—Stratigraphic relations
determine the pre-Cambrian age of the Balti-
more gneiss; the formation is overlain by
Cambrian sediments, from which it is every-
where separated by an unconformity.

The gneiss has been called Baltimore because
of its correlation with gneiss exposed at Balti-
more, Md., and has been recognized as the -
partial equivalent of the Fordham gneiss of
New York, the Stamford granite gneiss of New
England, and the Carolina gneiss of the South.

WISSAHICKON hﬁCA GNEISS.

Distribution.—The Wissahickon mica gneiss
covers the western and central portions of the
Doe Run and Avondale region. Its northern
boundary is the contact with the Octoraro
schist, a line which runs northeastward from
Timicula in a direction roughly parallel to the
trend of the South Valley Hills. In the central
and eastern parts of the Doe Run area of the
formation it surrounds several bodies of lime-
stone and quartzite, and north of Upland it
occurs in two lenses bounded by limestone and
quartzite. From the northwestern part of the.
Avondale district, west of the Baltimore gneiss
and the Paleozoic formations, the Wissahickon is
exposed continuously southward to the south-
ern boundary of the Coatesville quadi*aqgle.

1 Pumpelly, Raphael, The relation of secular rock disintegration to
certain transitional crystalline schists:. Geol. Soc. America Buil., vol 2,
pp. 209-224, 1891.
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Field relations.—The usual strike of the mica
gneiss lies between N. 60° E. and N. 75° E.
The isoclinal dip of the cleavage and of the
bedding is usually southeast, the prevailing dip
of the rocks of the eastern Piedmont, and the
average angle of dip is 35°. Stratification is a
pronounced feature of the formation, and the
strata are usually crumpled. In addition to
cleavage planes transverse to the fine crumpling
of the strata, the mica gneiss has four systems
of joint planes, parallel to which the rock breaks

‘readily; thus it never weathers into bowlders
but into angular fragments, producing a loamy
clay soil full of rock fragments, of mics, and, in
many localities, of garnets. From Jennersville
southward through Kelton to the border of the
quadrangle and eastward to Wickerton the soil
is red, sandy, and sparkling with muscovite.

Although the Wissahickon gneiss crops out
in many. places, it weathers so readily as to
afford few fresh exposures. Itis generally ex-
posed along stream beds, in road cuts, or in
weathered cliffs projeoting from hillsides that
are covered by a mantle of heavy soil. It
breaks readily into splintery fragments, which
have been compared in appearance to half-
rotted wood.

. Lithologic character.—The Wissahickon mica
gneiss is a silvery-gray to greenish medium to
coarse grained schistose rock characterized by
abundant muscovite and a varying amount of
quartz and feldspar. Muscovite is developed
either in minute crystals or in large glistening
crystals which give the rock a spangled appear-
ance. Garnets are a common constituent, and
tourmaline is abundant. ; '

The mica gneiss is intruded by dikes of meta-
gabbro and pegmatite and, in some localities,
is so thoroughly injected by these intrusives
as to lose its peculiar characteristics. Where
free from such injections the Wissahickon mica
gneiss has the appearance of a metamorphosed
gsediment. A change in mineral constitution
exists parallel to and is a means of recognizing
the primary structure or bedding; where the
bedding planes are finely plicated conspicuous
unplicated transverse cleavage planes render
the rock schistose and obscure the primary
structure.

By microscopic study the feldspar is found
to be orthoclase and andesine. The rock fails
to show the sequence of crystallization of con-
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stituents which is peculiar to igneous rocks,
and the accessory minerals, apatite and zircon,
are present in rounded grains—both facts that
point to a sedimentary origin for the rock.
The absence of pressure effects in the quartz
and feldspar also indicates that the rock is a
recrystallized sediment.

This typical gneissic facies weathers to a
greenish-brown rock in which the micaceous
character is very conspicuous. It disintegrates
readily, forming an argillaceous sandy soil that
glistens with mica and is speckled with garnets.
With local variations this gneiss, which is well
exposed near Springdell in a road cut, is gen-
erally characteristic of the southern half of the
main Wissahickon area.

Farther north, toward the schist boundary,
the mica gneiss changes considerably in char-
acter.  The fresh rock is fine grained, with
bedding planes so thin that the rock assumes a
schistose appearance, and the mica occurs in
very fine crystals, evenly disseminated through-
out the rock to such an extent as to obscure
the other constituents. It weathers to a glis-
tening green rock of schistose character, in
which only the mica is visible on bedding
planes, but on planes normal to the bedding’
the quartz and feldspar can be seen in very
fine bands or in lenses wrapped about by the
micaceous layers. Garnets are present in some
of the rock. The weathered facies resembles
the Octoraro schist, and where the two are
adjacent they are difficult of separation. It
differs from the schist, however, both in the
presence of a characteristic crumpled bedding
and also in the mode of occurrence, for it crops
out along the roads and stream banks as high
cliffs or strews the surface of the country in
large slabs broken parallel to joint planes and
contrasting with the small silvery fragments of
the schist. A green slaty variety found at the
northern boundary of the Wissahickon gneiss
differs from the typical rock in its fine grain,
extremely quartzose character, scanty feldspar,
and abundant chlorite. :

Analyses.—The best analysis obtainable of
the mica gneiss was made by W. F. Hille-
brand, of the United States Geological Sur-
vey, from four samples obtained at different
localities in the Philadelphia region.* It is

t Bascom, Florence, Piedmont district of Pennsylvania: Geol. Soc.
America Bull., vol. 16, p. 403, 1905.
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given in column 1 of the subjoined table.
Analysis 2 was made by F. A. Genth, jr., from
a specimen taken along Neshaminy Creek.'

Analyses of Wissahickon mica gneiss.

1 2
S0 e 66. 13 56. 40
ALOG . 15.11 19.76
FeyOg. oo 2.52 4.35
FeO.. 3.19 4.40
MgO.. . .. .. .. . ... 2.42 3.11
CaO . 1.87 .09
NagO.oooee e 2.71 5.82
K,0... 2. 86 1.27
iz 600 N IR 1.55 3.87
HO—. 24 et
(o ST .82 1.05
22O . (2)% .37
CrO,.. Il Nome. | Trace
Mné. .. .20 Trace
BaO . Trace Trace
Sr0.. ‘ Trace Trace

99. 87 99. 99

Origin.—The Wissahickon mica gneiss is con-

sidered to be a sedimentary rock whose.origin
has been obscured by extreme metamorphism.
The rock has an original stratification, more
“or less perfectly preserved, which ig more ap-
parent where the cleavage, usually parallel, is
discordant to the bedding. Other proofs of
its sedimentary origin brought out by micro-
scopic study have been mentioned.

That the Wissahickon mica gneiss has been
derived from an arkosic argillite is to be in-
ferred from its chemical composition. In the
belt of weathering the underground and super-
ficial waters carry materials in solution and
suspension, and the materials that are easily
_soluble are not likely to be present in mechan-
ical sediments, which represent the residual
materials after solution has done its work more
or less thoroughly and which therefore consist
of members of the kaolin group, and serpentine-
talc group, of quartz, aluminum oxide min-
erals, and acidic feldspars. An argillite, there-
fore, would be deficient in the alkalies and
alkaline earths and more deficient in sodium
and calcium than in potassium and magnesium,
the percentage of alumina would be large, and
after metamorphism the rock would retain its
original chemical composition.

1 Pennsylvania Second Geol. Survey Rept. C8, p. 109, 1881.
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The analyses of the mica gneiss show such
characters as have been described—alumina is
high, magnesia is greater than lime, and potassa
is greater than soda. This arkosic mud, by
crystallization and metasomatism, has been
metamorphosed into a mica gneiss. The felds-
pathic material has produced feldspar; the
ferromagnesian material, muscovite; the sand
has furnished the quartz, and a gneiss is the
result.

Its more gneissic facies is due to injection of
material parallel to the bedding. Pressure has
caused reorientation of the old minerals with
their longest axes in a plane normal to the
pressure and the production of the new miner-
als with similar orientation. The muscovite,
because of its perfect basal cleavage, is the
mineral to which is due mainly the production
of rock cleavage and fissility.

Thickness.—The thickness of the Wissa-
hickon mica gneiss can not be exactly de-
termined. Its isoclinal dip with repeated
folding gives the impression of great thickness,
but the actual thickness is difficult to estimate
because the formation is an ancient pre-
Cambrian gneiss bounded above by an uncon-
formity. Its estimated thickness has been
placed between 1,000 and 2,000 feet. '

Age and correlation.—In the absence of fossil
content the determination of the age of the
Wissahickon gneiss must depend upon the
stratigraphic relations, which have been much
obscured in the eastern Piedmont region; these
relations, which are discussed at length else-
where (pp. 31-34), point to a pre-Cambrian age
for the Wissahickon gneiss of the Doe Run and
Avondaleregion. The Wissahickon mica gneiss
is correlated with portions of the Carolina
gneiss.

Name.—The name Wissahickon was given to
this formation on account of its fine exposures
along the banks of Wissahickon Creek, near
Philadelphia.

CAMBRIAN.

CHICKIES FORMATION.

Distribution.—The Chickies formation, of
which quartzite is the most conspicuous mem-
ber, associated with gneissic and schistose
bands, forms the steep ridge of the North
Valley Hills, ‘extending across the north-
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western part of the Doe Run district (fig. 4) in | gneiss is brought to the surface north of
a straight band of almost wuniform width, | Coatesville.

whose general direction is parallel to the trend | In the neighborhood of Doe Run the quartz-
of Chester Valley. On the south the quartz1te ite comes to the surface as a band of varying
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FIGURE 4.—Geologic map of Doe Run valley, Chester County, Pa.

- passes conformably under the Shenandoah | thickness which overlies the northeastern,
limestone of Chester Valley; on the north it | northern, western, and southern flanks of the
overlies the Baltimore gneiss. The limestone | Baltimore gneiss.
and the quartzite together form the southern | North of Avondale and Toughkenamon an-
limb of an anticline whose core of pre-Cambrian | other area of the Chickies formation is bounded
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by limestone. The formation a.lso forms a
-ridge north of Westgrove.

Field relations. —The hardness and chemical
stability of the Chickies formation make its
outcrop a prominent topographic feature.
The rock is well exposed in several quarries in
the North Valley Hills; on the road going
southwest from London Grove, where two
quarries are cut in the northern face of the
hill; and in the quarries of the hill north of
the State road from Avondale to Toughkena-
mon. The general strike of the formatlon is
N. 60° E. and the dips are in all observed ex-
posures to the southeast with an average incli-
nation of 20°. At the contacts of quartzite
and limestone the limestone appears to under-
lie the quartzite, a relation which is the result
of overturned folding.

Lithologic character—The Chickies formation
is composed of quartzite, mica schist, and
mica gneiss. The quartzite is a cream-white

to gray fine-grained crystalline thin-bedded:

rock. Sericite is developed parallel to the
bedding planes and causes the rock to split
easily into flat slabs. The mica gneiss member
of the formation is a gray fine-grained crystal-

line, slightly banded gneiss, whose constituents’

are quartz, biotite,.and muscovite abundantly
present and feldspar sparingly so.

With an increase in the amount of mica the
rock becomes a mica schist, a pinkish or grayish-
green rock in which small sparkling plates of
mica produce a frosted effect. This Cambrian
mica schist resembles the Wissahickon mica
gneiss, but the mica in the schist is usually
present in smaller flakes than it is in the gneiss,
and the Cambrian rock, in distinction from the
Wissahickon, has straight bedding planes.
The two rocks are further distinguished by
structural relations and by a characteristic
aspect that is difficult to define. ¢‘Stretched”
tourmaline—that is, broken and linearly dis-
placed tourmaline—is found in all three mem-
bers of the Chickies formation.

The quartzite of the North Valley Hills is a
pure hard white compact fine-grained, heavily
bedded rock, with abundant small flakes of
glistening sericite developed along the bed-
ding planes. In the neighborhood of Doe Run
the Cambrian formation is represented by
the quartzose and schistose members. Near
Springdell it is represented by the mica gneiss.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY,
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All these facies occur in the Chickies formation
as exposed on the western and southern flanks
of the Baltimore gneiss anticline. The Chick-
ies northeast of Avondale and Westgrove is the
mica gneiss facies, in which abundant mica is
disseminated throughout the rock.

Microscopic study shows that the feldspar
is largely microcline, but orthoclase, andesine,
and bytownite are also present. -Magnetite,
zircon, pyrite, titanite, perofskite, and tour-
maline are accessory constituents.

Analysis.—The analysis of a specimen of
quartzite from the ridge south of Langhorne,
Pa., is given below.! It shows high silica con-
tent and sufficient alumina and potassa to form
muscovite and feldspar.

Analysis of quartzite of Chickies formation.

13510 R 87.87 | Ignition............ 1.20
ALOg. ..ol 6.61 | TiOg....evenn.n.. .38
FeOp.ccnvnnnnn. .. 239 | POs.oiiiiianL. 06
MgO.............. Trace. | MnO.............. 13
CaO.....olll .24

NayO.ooonoomnnnn. 19 100. 80
KOooooiiiionan.. 1.73

" Thickness.—The close isoclinal character of
the folding makes the determination of the -
thickness of this formation difficult. Its esti-
mated thickness in Chester Valley is 1,300 feet,?
but in the Doe Run district a thickness of 1,500
feet seems probable. Thesectionexposedonthe
DoeRunroad represents a deposit of about 1,000
feet. (See Pl. II, B.) Within the Avondale
area (fig. 5) the thickness of the Chickies forma-
tion varies from 700 to 800 feet. The variabil-
ity in thickness of the formation in the region
south of Chester Valley is presumably due to
original irregularity of deposition in the estu-
aries of the Cambrian sea.

Age and correlation.—The quartzite of the
North Valley Hills forms a continuous band
which extends from the western edge of Bucks
County to the vicinity of Gap, in Lancaster
County. Borings of Scolithus linearis have
been found at several places in the quartzite
of the North Valley Hills, which is in direct
stratigraphic continuity with the . quartzite
near Coatesville. In 1896 Walcott?® deter-

1 Pennsylvania Rept. Second Geol. Survey C6, p. 117, 1881.
sis by F. A. Genth, jr.

2 Bascom, Florence, U. S. Geol. Survey Geol. Atlas, Philadelphia follo
(No. 162), p. 4, 1909.

3 Walcott, C. D., The Cambrian rocks of Pennsylvania: U. 8. Geol.
Survey Bull. 134, p. 17, 1896.

Analy
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mined the position of the Scolithus-bearing
quartzite as underlying shales and calcareous
sandstone which contain fragments of Olenellus.
This determination establishes the age of the
Scolithus-bearing rock as Lower Cambrian.
The rock south of the North Valley Hills does
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Name.—The name Chickies (formerly spelled
Chikis) was first used to describe the rock ex-
posed on Susquehanna River near Columbia,
Lancaster County. Later the spelling was de-
termined as Chickies by the United States
Geographic Board.

Contour interval 20 feet
Datum is mean sea level
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FIGURE 5.—Geologic map of Avondale Valley, Chester County, Pa.

not contain Scolithus linearis, but from its
lithologic character and structural relations
may be correlated with the Chickies quartzite
of the North Valley Hills. The formation has
been correlated with the Cheshire (‘“Pough-
quag’) quartzite of New York, the Hardys-
ton quartzite of New Jersey, and the Setters
quartzite of Maryland.

CAMBRIAN AND ORDOVICIAN.

SHENANDOAH LIMESTONE.

Distribution and field relations.—In the
northern part of the Doe Run district (see
P1. I, p. 10) the outcrop of Shenandoah lime-
stone corresponds perfectly to the floor of
Chester Valley, forming a narrow belt, which
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varies in width from one-fourth to three-
fourths of a mile. On the north side of the
valley the limestone overlies the quartzite,
which is exposed on the southern limb of an
anticline. Toward the south the limestone
passes conformably under the Octoraro schist
of the South Valley Hills.

In the central and southern parts of the
Doe Run district limestone occurs in four dis-
tinct areas of irregular conformation. The
largest area extends from Buck Run almost
due south to Doe Run village, where the out-
crop is pierced by an anticlinal hill of resistant
quartzite. From Doe Run southwest to Green
Lawn there is a continuous outcrop of lime-
stone, and from Springdell directly south
limestone joining the western flank of the
quartzite occurs in a long valley that extends
to the southern edge of the Doe Run district.

On the northern and northeastern boundary
of the quartzite the limestone occurs in two
small but distinct outcrops at Guest’s and
Logan’s quarries. (See Pl II, A.) The fourth
occurrence is a narrow and irregular outcrop
along a tributary of Brandywine Creek, about
2 miles northeast of Logan’s quarry and 1
mile north of Upland.

Except where it borders the quartzite the
limestone of these areas is surrounded by the
Wissahickon mica gneiss, thereby producing a
radial and finger-like arrangement of the sur-
face outcrops which is particularly striking.
(See fig. 4.)

In the Avondale dlstrlct (see fig. 5) the
limestone occupies the valley of White Clay
Creek about Avondale and to the north, and
the valley of West Branch of White Clay Creek
and its tributaries near Landenberg. The
areas are not more than half a mile wide and
are very irregular. The northern area ex-
tends southwestward for about 5 miles from
the center of the eastern border of the Coates-
ville quadrangle; then it turns south and
curves about a hill of mica gneiss which lies
north of Westgrove; from that point it ex-
tends southward through Baker and south-
eastward to Avondale, where it connects with
two belts of the formation—one from the east
along Trout Run and the other from the north.
(See fig. 5.) About a mile south.of Landen-
berg there is a small area of limestone extend-
ing southwestward along Broad Run and
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across White Clay Creek almost to West
Branch. It is not more than a mile wide any-
where and does not appear at the surface ex-
cept at Nevin’s quarries.

As there are no natural outcrops of the-Jime-
stone, its extent is best determined by the soil
it makes—a red clay such as is formed by the
weathering of a magnesian lime rock. It is
exposed for the most part in abandoned quar-
ries which are partly filled with water; the
rock forming the walls may be fresh or partly
disintegrated into calcareous sand or almost
entirely covered by a talus of soil. In the
region of Baker and Avondale there are large
quarries which are now being operated in this
rock and which furnish valuable marble and
building stone.

The strike of the formation ranges between
N.60° E. and N. 70°E. The direction of dip is
generally southeast, the only prominent ex-
ception being a northwest dip found in a small
quarry just north of Westgrove. The angle of
dip is low, varying from 20° to 25°.

Lathologic character—Three varieties of the
Shenandoah limestone are recognizable in the
Doe Run and Avondale region. One occurs in
Chester Valley, where the fresh rock is a mas-
sive, highly crystalline blue magnesian lime-
stone, which breaks readily along three joint
planes. Few accessory minerals are found in
this massive variety. The upper member of
the formation in this area is a highly mica-
ceous and thinly bedded schistose rock, in
which quartz and mica are so abundant that
the rock may be called a calcareous schist.
This member grades into the overlymg Octo-
raro schist.

The third variety occurs in the central belt
of limestone, where it is well exposed in Guest’s
and Logan’s quarries, and in the limestone of
the Avondale district. Where pure the fresh
rock is a medium-grained, highly crystalline
lustrous white saccharoidal marble, character-
ized by the abundant development of various
accessory minerals. Phlogoplte in glistening
amber-brown scales, is in some places so plenti-
ful that, on planes parallel to the bedding, the
rock may appear to be composed almost en-
tirely of mica. Where the phlogopite occurs in
smaller flakes it ‘gives the rock a variegated
appearance, which has won for it the name
“bastard granite.” Biotite, muscovite, tour-
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maline - in large black crystals, magnetite,
apatite, and pyrite are common accessory
_minerals.

Evidences of pressure seen in the thin sec-
tion are twinning of the calcite crystals, granu-
lation, and undulatory extinction of the quartz,
which occurs in interlocking areas forming a
mosaic with the calcite. The dolomite of
Chester Valley is finer grained than the lime-
stone of the southern area, which in Guest’s
quarry is almost pure calcite.

Analyses.—Some analyses of the limestone
are given below:

Analyses of Shenandoah limestone.

1 2 3 4
CaCOq..cvnenenin.n. 54.750 | 40.27 | 54.071 57.125
MgCO;,.. 44.204 | 81.24 | 43.309 | 12.498
?ioé ......................... 24,23 [........ 1.235
PeaOgeeennae e 1. 06 .

ALO,. L } -517 { 11zl -624) 3770
MgO. i AL e
%;\.8 ......................... 11 20 PR PO
ONDAAONOIONN IECIRON DO DO | L L L
S IR U1 N A P PR 1) & 2 IR
P L010 [........ L003 ...
Alkalies...oooveoiifanaannnn 1.42 oot
Insoluble............. .436 |........ 1.950 |........

99. 928 | 100. 00 | 99. 959 | 100. 000

1. Haldeman South quarry, near Chickies. Best blue
limestone, fine grained, hard. Analyst, A. 8. McCreath,
Pennsylvania Second Geol. Survey Rept. CC, page 271,
1874.

2. West Conshohocken, Montgomery County, Pa. Ana-
lyst, F'. A. Genth, jr., Pennsylvania Second Geol. Survey
Rept. C6, page 126, 1881.

3. Benjamin Swayne quarry, 2 miles north of Avondale.
Analyst, F. A. Geuth, jr., idem, page 127.

4, Pennsylvania Marble & Granite Co.’s quarry, Baker.
Analysts, Booth, Garrett & Blair, Philadelphia.

Thickness.—In the Avondale district the
thickness of the limestone, which does not ex-
ceed 1,000 feet, represents only part of the
original thickness; the remainder has been re-
moved by erosion.
mation is probably not over 1,500 feet thick.

Age and correlation.—In the central part of
the region, at Guest’s quarry, and in the north-
ern part, in Chester Valley, the limestone con-
formably overlies the Chickies formation. On
account of the highly metamorphosed charac-
ter of the rock, fossils are rare in the Shenan-
doah limestone and none have been found in

In Chester Valley the for-
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the Doe Run and Avondale region, but at
Henderson station, Montgomery County, Pa.,
fossils of Ordovician age have been found in
the limestone of Chester Valley.!

That the limestone of the Doe Run and
Avondale region is to be correlated with the
Cambrian and Ordovician Shenandoah lime-
stone of Montgomery and Delaware counties is
proved by the stratigraphic continuity of the
limestone in Chester Valley, by marked litho-
logic resemblance between the limestone of the
Doe Run and Avondale region and the.rock in
Chester Valley, and by the position of the
limestone south of Chester Valley in approxi-
mately the same line of strike as the narrow
belt of Shenandoah limestone in Cream Valley
near Conshohocken, Pa.

Name.—The name Shenandoah was adopted
by Darton ? in 1892 to designate the limestone
formation of Cambrian and Ordovician age
which occurs in the Appalachian region of Vir-
ginia. Subsequently the United States Geo-
logical Survey accepted the name because of its
priority and applied it to the ‘‘Chester Valley”’
limestone and to the outcrops southeast of
Chester Valley which had been correlated with
the Shenandoah.

ORDOVICIAN.

OCTORARO SCHIST.

Distribution and field relations.—The north
face of the South Valley Hills forms the north-
ern boundary of the outcrop of the Octoraro
schist; the southern boundary is a line passing
about half a mile north of the village of Timi-
cula, through Ercildoun, a quarter of a mile
west of Youngsburg, north to Modena, where
it runs in a southeasterly direction to the east-
ern boundary of the Coatesville quadrangle.

The schist conformably overlies the Shenan-
doah limestone on the north, grading imper-
ceptibly into the limestone through a calcare-
ous lower member; on the south it adjoins the
Wissahickon mica gneiss, the line of contact
representing a fault which extends across the
country in a roughly northeast direction. The
average strike of the formation is N. 65° E.
and the dips are about 60° SE.

1 Bascom, Florence, U. S. Geol. Survey Geol. Atlas, Philadelphia
folio (No. 162), p. 5, 1909.

2Darton, N. H.,, U. S. Geol. Survey Geol. Atlas, Staunton folio
(No. 14), 1894.
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In topographic features the country under-
lain by the Octoraro schist is very similar to
that formed by the erosion of the Wissahickon
mica gneiss. The schist, like the gneiss, yields
readily to the mechanical processes of weather-
ing and forms a deep micaceous soil, which
differs from the gneiss soil in that it does not
contain individual flakes of mica, but rather
small fragments of the rock that have not been
disintegrated into the individual constituents.

The soil produced by the disintegration of
the schist is dull and sandy, nongarnetifer-
ous, and full of green, shiny fragments that
have a soapy feel, but the gneiss soil is glisten-
ing and sparkling with large flakes of mica,
abundantly garnetiferous, and less likely to be
red. Another marked difference in the two for-
mations is the method of disintegration. The
Octoraro schist does not have the three well-
marked joint planes which cause the Wissa-
hickon gneiss to break readily into parallelepi-
peds; but, having an easy cleavage along the
planes of schistosity, it splits into thin lami-
nated fragments. ‘

Lithologic character.—The Octoraro schist
‘may be described as a’ quartz-muscovite schist
or a quartz-chlorite schist, in which the min-
eral constituents are so minute that on the
cleavage planes no one mineral is distinguish-
able. The fresh rock is light silvery gray
and very schistose in character and is com-
posed of quartz and mica or chlorite. The
quartz, which is visible only on the edge trans-
verse to the cleavage plane, occurs in lenses
completely wrapped around by the micaceous
layers; on cleavage planes mica alone is visible
in microscopic flakes that are indistinguishable
in the hand specimen. These micaceous con-
stituents form & surface with a smooth ‘“feel,”
which has been described as “soapy.” The
color varies from gray in the fresh rock to
green or yellow in the weathered rock.

In the thin section the schistose character
of the rock is very apparent. Small grains of

quartz, showing hornstone texture, form con- |

tinuous bands throughout the rock or occur
in lenses enveloped by twisted fibrous musco-
vite or muscovite and chlorite; muscovite may
be present in fine blades and chlorite may be
almost entirely absent, or muscovite and
chloritized biotite may occur together, asso-
ciated with secondary quartz, hematite, and
magnetite. The accessory minerals are pyrite,
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magnetite, perofskite, titanite, rutile, and
apatite. ’

The sedimentary origin of the schist is-shown
both in its field relations and in its composi-
tion. It is the upper member of a conformable
series of sandstone, limestone, and shale, and
has the restricted mineral content and horn-
stone texture of a sedimentary deposit that
has undergone metamorphism.

Analysis.—The composition of the schist is
shown by the following analysis:

Analysts of Octoraro schist.

8i0p.oeueeeeenanae.. 39.35 | Ignition........... 6.05
ALOg .o, 3192 | TiOg..eevnneennn. .. 1.20
FeuOp. ' cnenannn. .. 2.19 | PyOfeneenennnnn. .. .49
FeO............... 9.00 | NiO (trace of cobalt) .06
MgO (deficient)..... 3.08

Na,O (deficient).... 1.98 100. 58
) X T 5. 26

Mica schist, 1,222 feet from Bird in Hand Tavern, on
road from Gulf Mills to Bryn Mawr, Montgomery County,
Pa. Pennsylvania Second Geol. Survey Rept. C6, p. 133,
1881.

The small content of the alkalies and alkaline
earths relative to the silica and alumina, the
absence of lime, and the preponderance of pot-
ash over soda in the analysis point to a sedi-
mentary origin of the formation in which the
more readily soluble substances, such as lime,
soda, and the alkalies, have been removed in
solution.

Thickness.—In the syncline of the South
Valley Hills the thickness of the Octoraro
schist seems to be about 2,000 feet.

Age and correlation.—The Octoraro schist
conformably overlies the Shenandoah lime-
stone, grading down into the limestone through
a calcareous schist, and is therefore of Ordovi-
cian age. It has been correlated with the-
Berkshire and Hoosac schists of New England.

Name.—The name Octoraro has been given

‘to the schist because it is particularly well

exposed along the banks of Octoraro Creek,
between Lancaster and Chester counties.
IGNEOUS ROCKS.
EARLY CAMBRIAN OR OLDER.
METAGABBRO.

Distribution.—About a mile northwest of
Coatesville the Baltimore gneiss is penetrated
by two intrusive gabbro masses. Only the
southern extremity of one intrusion is visible
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in the region under discussion; the other mass
extends eastward from the western boundary
of the region mapped (Pl. I) to Valley station,
on Rock Run. A small dike occurs on the
east side of Rock Run.

In the southern part of the Doe Run district
and throughout the Avondale district meta-
gabbro occurs in narrow dikes in the Balti-
more and Wissahickon gneisses and the Chick-
ies formation. The outcrops of the dikes north
of Avondale range in width from a few feet to
half a mile. About Wickerton, New Garden,
and Landenberg the dikes are of considerable
size. South of Landenberg a series of narrow
dikes, roughly parallel in direction, may be
traced for 5 or 6 miles southwestward to the
southern edge of the Coatesville quadrangle.

Field relations.—The dikes of hornblende
gneiss cut the country rock with varying strike,
and are in places weathered into a soft dark-
green rock in which hornblende may still be
distinguished.

Lathologic character.—The rock of the two
areas northwest of Coatesville is a holocrystal-
line, granular, or only slightly gneissic medium
to fine grained gabbro. The only constituents
visible to the naked eye are plagioclase, a dark-
green pyroxene, and brown hornblende in slen-
der crystals. The metagabbro is a fine-grained
dark-colored rock, for the most part green to
greenish black, with leucocratic constituents
mottling it. Lustrous hornblende, the most
abundant and conspicuous constituent, has a
parallel arrangement and thus gives the rock a
" banded appearance. The feldspar occurs in
minute grains of a dull chalky aspect. In thin
section it is found that this aspect of the feld-
spar is due to saussuritization, which obscures
the original character of the feldspar. The
character of the extinction angle indicates that
the feldspar is labradorite-bytownite. Horn-
blende has been formed by uralitization—
that is, by the alteration of the original augite
into hornblende. A core of augite is present
in the interior of some of the hornblende crys-
tals, where its pale-green to colorless character,
its high index of refraction, and its occasional
basal sections with rectangular cleavage sepa-
rate it sharply and conspicuously from the sur-
rounding hornblende. The gneiss, with its
basic feldspar, uralitized augite, and accessory
zircon, has the constitution of a quartz-augite
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gabbro. It is at present a metagabbro or, be-
cause of its secondary banding, a hornblende
gneiss. '

Analysis.—The following analysis! repre-
sents a dike of similar metagabbro which oc-
curs a mile north of Bryn Mawr station:

Analysis of metagabbro.

T 0 48.68 | Zr0,. ...... Not estimated.
ALO, ............. 14.39 | P,Ogeeeeone. ... 0.29
Fe,04eciieieao... 4.00|Cl.......... Not estimated.
FeO. 10.09 | S.... veee.. Trace.
MgO....ooooiil 6.32] CrO0y. i None.
CaO.............. 9.23|NiO............... Trace
NaO.oooveeninnn. 2.31|MnO.............. .2
KOt .47 BaO.......... Faint trace.
H,0+ 2.03[St0................ None
HO0—. Lt 246 | Li,O..oillLL Trace
COgueveeeninann... None.

TiOgeenenenrnnnnnns 1.69 100.18

The analysis gives the following norm:

Norm of metagabbro.

2.82 | Magnetite...........

Quartz............. 5. 80
Orthoclase.......... 2.78 | Ilmenite........... 3.19
Albite. ............ 19.39 | Apatite.c........... . 67
Anorthite........... 27.52 | Water.............. 2. 49
Diopside............ 13. 67

Hypersthene........ 21.78 100.11

The rock falls in Class III, order 5, rang 4, .
and subrang 3 and is ‘a hornblende grano-
auvergnose; it is perfelic, docalcic, and preso-
dic. The compound prefix is given because
hornblende is the only abnormative mineral
and because the texture of the rock is hypauto-
morphic granular.

Origin.—There can be no question of the

‘igneous origin of the metagabbro, for the field

relations, mineral constituents, and chemical
composition concur in pointing to such an
origin. ~ Since the intrusion and consolida-
tion of the gabbro pressure has converted the
augite into hornblende and has produced a
rock cleavage parallel to the prevailing south-
eastward dip of the cleavage of the region.
Age.—The gabbro has nowhere been found
intruded into recognized Paleozoic sediments,
but large masses of gabbro have been found in
pre-Cambrian rocks throughout the eastern
Piedmont belt, and it can therefore be re-
garded as belonging to the period of pre-
Cambrian igneous activity. The presence of a

1 Geol. Soc. America Bull,, vol. 16, p. 319, 1905. Analyst, W. F., Hille-
brand, U. S. Geol. Survey.
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dike of hornblende gabbro in the Chickies for-
mation makes it seem likely that a portion
- of the original magma which furnished the
material for the pre-Cambrian intrusions may
have been injected into fissures either during
the period of Lower Cambrian deposition or
at some later time.

PRE-SILURIAN OR YOUNGER.
SERPENTINE.

Distribution and field relations.—The occur-
rence of serpentine in the Doe Run district is
restricted to three small lenticular areas,
which .range in length from a quarter of a
mile to half a mile, and are about one-eighth
of a mile in width. Two of these areas are
situated near Laurel, on the West Branch of
Brandywine Creek, and the third is about a
mile southeast of Goosetown. The outcrops
are nowhere prominent, being confined to
cuttings in the hillsides near Laurel and to a
few scattered bowlders in the fields near
Goosetown. Owing to the small extent of the
areas it is impossible to recognize the presence
- of serpentine by its characteristic thin soil and
stunted vegetation. The lenticular shape of
the areas and the character of the rock itself
are- evidences of its igneous origin. The
Laurel outcrops are within the confines of the
Wissahickon mica gneiss; the Goosetown out-
crop is partly surrounded by the Ordovician
schist. In the Avondale district there is a
small outcrop of serpentine on the Toughken-
~amon and London Grove road 1} miles north
of Toughkenamon. The rock, which is exposed
in a road cut, is only a few feet in width and
does not reappear along the strike. The
exposure is surrounded by Cambrian gneiss
belonging to the Chickies formation.

Lithologic character.—The serpentine in the
region of Laurel is a soft green, extremely
talcose schist, almost approaching a soap-
stone; in the neighborhood of Goosetown it
is a massive green serpentine. The thin sec-
tion of the Goosetown rock shows that it is
composed mainly of serpentine; other altera-
tion products are tale, calcite; and iron oxides.
The rock has been so completely altered to
serpentine that the original character is diffi-
cult to determine, but a few small grains of
residual olivine remain, showing that the
rock was derived from a peridotite. The rock
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north of Toughkenamon is almost a tremo-
lite schist; it is green in color, fibrous, and
soft. :

Age.—Throughout the eastern Piedmont
district of Pennsylvania there are many serpen-
tine dikes whose occurrence, except in the
isolated areas near Goosetown and. Tough-
kenamon, is restricted to pre-Cambrian rocks.
In many places in the immediate vicinity of
Philadelphia and around Chester and West
Chester serpentine is intruded into the pre-
Cambrian gneisses, but it nowhere occurs in a
formation later than the Wissahickon gneiss.

Owing to the common occurrence of serpen-
tine in pre-Cambrian material and to its
almost total absence from Paleozoic material,
it seems possible that the serpentine near
Goosetown, which is a metamorphosed perido-
tite, belongs to the pre-Cambrian period of

igneous activity and that it was carried in

a small patch of igneous material along with
the overthrust Wissahickon gneiss over the
surface of the schist and left by subsequent
erosion. The area appears to be partly
surrounded by the Wissahickon mica gneiss,
but the cultivation of the farm land in which
the serpentine occurs makes it difficult to
map the border accurately. The irregular
character of the boundary between the Wissa-
hickon gneiss, serpentine, and Octoraro schist
is such as would be expected to result from
the partial removal by erosion of the over-
lying rock. It is possible that the serpentine
of the area north of Toughkenamon is a
remnant of overthrust pre-Cambrian material
left by erosion, or that it is a land area which
remained an island during the whole or part
of Cambrian and Ordovician time.

In Syracuse, N. Y., serpentine occurs in
the Salina formation, of Silurian age, formerly
called “Onondaga salt group,” and Williams !
has called attention to the fact that this
serpentine bears a strong resemblance to the
Carboniferous peridotites of Kentucky de-
scribed by Diller.? The occurrence of post-
Carboniferous serpentines in the Appalachian
province suggests that the serpentine here
discussed may possibly be of later age than

! Williams, G. H., On the serpentine (peridotite) occurring in the
Onondaga salt group at Syracuse, N. Y.: Am. Jour. Sci., 3d ser., vol. 34,
p. 137, 1887.

2 Diller, J. 8., Peridotite of Elliott County, Ky.: U. 8. Geol. Survey
Bull. 38, 1887.
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Ordovician and therefore intrusive in the
Octoraro schist of the Doe Run district and
in the Cambrian gneiss of the Avondale dis-
trict. In view, however, of the absence of
conclusive evidence showing the Paleozoic
or post-Paleozoic age of the serpentine in the
Goosetown and Toughkenamon areas, and
in view of the preponderance of igneous
material in the pre-Cambrian rocks, it seems
impossible to determine the age of the serpen-
tine without further discovery of its occur-
rence in Paleozoic material.

PEGMATITE.

Distribution and field relations.—Pegmatite
occurs at eight places in the Doe Run district.
Four dikes extend across the country in the
neighborhood of Coatesville, striking northeast.
Three of these dikes occur northeast of the
town, showing themselves in bowlders scattered
through the fields; the fourth, which lies di-
rectly east of Coatesville, is a seam of kaolin
within the confines of the limestone. Of the

four pegmatite localities in the southern part

of the Doe Run district, three lie in a contin-
uous line northeast of Upland. There are only
two direct outerops of the rock in the Doe Run
district. One is an old spar pit on the Sharp-
less farm at Upland; the other, in direct line of
strike with the first, is a dike of quartz-feldspar
rock in Logan’s limestone quarry.

The Avondale district contains many peg-
matite dikes. With the exception of an iso-
lated outcrop north of Chatham, the areas of
pegmatite north of Avondale may be grouped
into five dikes, the largest of which is an eighth
of a mile wide. The northernmost dike appears
a mile south of London Grove, whence it may
be traced to Baker; the other four lie to the
southeast, each separated from the next by
about half a mile and the southernmost crop-
ping out just north of Avondale. Between
Avondale and Landenberg the pegmatite dikes
are scattered and small, but south of Landen-
berg, in the neighborhood of the limestone,
four dikes cut the metagabbro, the Baltimore
gneiss, and the Shenandoah limestone. Many

other dikes too small to be mapped .cut the |.

country rock of that region.

Lithologic character.—The pegmatite is a
coarse-grained white to gray rock composed of
quartz, light-gray or pink feldspar, and abun-
dant muscovite in large plates. The feldspar
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when fresh has lustrous surfaces but when
weathered is abundantly coated with a yellow
iron oxide stain. The feldspar may be ortho-
clase with Carlsbad twinning or, more rarely,
with twinning according to the Baveno law; or
microcline with the gridiron texture; or oligo-
clase; or microperthite. The most prominent
of the long list of accessory minerals associated -
with the pegmatite are iron pyrites, tourma-
line, and garnet.

The absence of bandmg, the coarse crystalli-
zation, and the diversity in texture and mineral
composition are all evidences that the pegma-
tite is not a normal plutonic rock which has
undergone the pressure to which the other
rocks of the region have been subjected. On
the other hand, the trend of the dikes, dis-
cordant to.the strike of the country rock, is
unlike that of the veins of the region.

Origin.—The pegmatite dikes of this region
represent the most highly differentiated phase
or end product of an igneous magma. They
show more igneous than aqueous characteristics
and may be explained as the result of slow
crystallization of an igneous magma saturated
with water. They are the youngest pre-Triassic
igneous rocks of the region and represent the
expiration of the igneous activity which began .
in pre-Cambrian time and which is represented
in the Coatesville region by the metagabbro
and in the Philadelphia region by the por-
phyritic granite, gabbro, and ultrabasic peri-
dotite and pyroxenite.

The points of difference between pevm&tltes
and pilutonic rocks have already been men-
tioned. The pegmatite is coarse and irregular
in texture and has not the uniform constitution
of a granite. It islike a granite in its order of
crystallization and like a dike in its occurrence
in the field.

Age.—The. pegmatite has not been found in
rocks younger than the Shenandoah limestone.
Its intrusion was subsequent to the pressure
that produced the thrust fault of the Wissa-
hickon mica gneiss, and its age may be pre-
Silurian or younger.

TRIASSIC.
DIABASE.
Distribution and field relations.—Diabase

occurs in five dikes in the Doe Run and Avon-
dale region. One line runs through the Doe
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Run district in a southwesterly direction from
a locality about 14 miles southeast of Goose-
town to the neighborhood of Green Lawn, and
the great trap dike of Downingtown, northeast
of Coatesville, may be regarded as a continua-
tion of it. West of this long dike a shorter
one extends from Springdell to Green Lawn.
- On each side of a line drawn from Woodville
to Chatham a dike of diabase may be traced
southwestward for about 4 miles. A fifth dike
near Woodville extends for about 1} miles.
Except for a few ledges, the existence of the
diabase is indicated only by a trail of bowlders
across the country underlain by the rock. It
strikes N. 45° E., and the width of the dikes
where exposures exist is about 20 feet.
Lithologic character.—The Downingtown dike
is a rather coarse grained diabase, composed of
crystals of plagioclase and green pyroxene.
The rock of the dikes near Woodville is typical
fine-grained diabase, in which the only mineral
constituent recognizable with the naked eye is
pale-green feldspar sparkling in a dark green-
ish-gray groundmass.  Microscopic study
shows that the feldspar is labradorite-bytown-
ite and occurs in automorphic lath-shaped
crystals so arranged as to produce the ophitic
texture characteristic of diabase. The micro-
scope also shows pyroxene, which is pale-green
augite and unusually fresh and which occurs
as xenomorphic individuals within the net-
work of feldspar. The accessory minerals are
magnetite, epidote, quartz, biotite, apatite,
and chlorite, with secondary ilmenite. The
rock has a conchoidal fracture and when ex-

posed to the atmosphere for some time weath--

ers into spheroidal bowlders with a yellow
exterior and a greenish-gray interior.
Analysis.—The following analysis repre-
sents a specimen of the Conshohocken dike in
West Conshohocken, Montgomery County, Pa.:*

Analysis of diabase  from Conshohocken dike.

SiOgeeeeniinennan 51.36 | K,0 1.46
ALOg.cevii L. 17.38 | LosS..euneeennina.n 2.15
FeyOpennnemnnnnns 6.57 | TiOy.-.ownooinn. .. 1. 63
FeO. 3.85 PO, .............. .13
MgO....oooiaia.L.. 3.42 | LiOu. enenion... Trace
CaO. ...l 10.19|

N2gO.ceenenennn 2.19 100. 53

1 Pennsylvania Second Geol. Survey Rept. C3, p. 275, 1880; Rept. C6,

D.134,1881. Analysis by F. A. Genth, jr.
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This analysis gives the following norm:
Norm of diabase from Conshohocken dike. A

Quartz............. 10.14 | Ilmenite........... 3.04

Orthoclase.......... © 8.90 | Magnetite......... 7.66

Albite. ............ 18. 34 | Hematite........... 1.28.
Anorthite........... 33.08 | Water.............. 2.15

Enstatite........... 8.60

Wollastonite........ 6.96 100. 49

Apatite............. .34

This diabase is a dosalane which is docalcic
and presodic—in other words, the salic constit-
uents are dominant over the femic and the
lime over the alkalies. Of the alkalies soda
preponderates. The rock is an augite ophiti-
bandose. ‘

Age.—In its freshness, mineral constitution,
and microtexture the rock found in the Doe .
Run and Avondale region resembles the Trias-
sic diabase. It is in line of strike with the
Downingtown dike, which has been traced
northeast into Triassic formations and which
extends intermittently southwest as far as
Maryland, crossing the Phoenixville and West
Chester quadrangles and appearing in the
Coatesville quadrangle as here described.

STRUCTURAL GEOLOGY.
STRUCTURE OF THE PIEDMONT PLATEATU.

The crystalline rocks of the Piedmont region
comprise closely folded and faulted Paleozoic
and pre-Paleozoic rocks, partly concealed by a
cover of gently folded, unmetamorphosed Meso-
zoic shales and sandstones, which dip gently
northwest and are broken by a series of normal
and reverse faults with a southeast hade. In
strong contrast to the simple structure of the
shales and sandstones, the belt of crystalline
rocks that lies southeast of the Mesozoic cover
presents a succession of close unsymmetrical
folds, sharply overturned toward the northwest
and dislocated by thrust faults with a preva-
lent southeast hade. The folding appears to
be isoclinal, because the limbs of the folds are
compressed closely and the folds are usually
overturned. They strike in a general north-
easterly direction, but the axis of the major
folds is usually inclined more or less gently, and
this pitching of the axis shows that there has
been gentle folding at right angles to the major
folding. The period of stress that began in
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Archean and Paleozoic time was marked by the
gradual accumulation in the earth’s crust of
compressive forces which sought relief in two
directions, thereby producing two systems of
folding—one, compressed and overturned major
folds; the other, gentle and open minor folds.
This difference in the intensity of folding may
be due to the fact that the pressure originating

along the minor axis was less than that along.

the major axis; or it may be due to the greater
resistance of the strata along the minor axis, or
to the combination of these two causes. The
compressed folds lie along a northeast axis,
producing a succession of overthrusts that have
been gradually developed as the result of a
major force working from a southeast direction.
A thick limestone formation was the control-
ling factor in the folding of the Paleozoic sedi-
ments, and the more deeply the layer was
buried the more readily it yielded to pressure.

In the sharp overthrusts of the major folds,
warping of the earth’s surface produced a weak-
ness which, by concentration along the axis
of overthrust, has caused a repeated sliding of
the earth’s crust. In the zone of combined
fracture and flowage, by means of lateral pres-
sure, combined with slight overloading, the
elasticity of the material is exceeded so that the
rock is fractured along the limbs of the folds,
with movement along both sides of the rupture.
Such faults have a gentle hade in asoutheasterly
direction and along them the deeply buried
Archean rocks were pushed up until they over-
lay the younger Paleozoic sediments. The
faults strike in a general northeast direction,
and their linear extent is extremely variable.
The faults in the Triassic beds are normal, with
a hade of 75° SE. to 90° and with shoht dis-
placement.

Cleavage, fissility, and jointing are also char-
acteristic features of the crystalline schists of
the Piedmont Plateau. Jointing is caused by
the yielding of the rock along shearing planes

and is usually found in three directions nearly .

normal to one another; it is supplemented by
the plane of cleavage and fissility, which is in
many places almost normal to the joint planes.
Tissility is a structure resulting from heat,
pressure, and metamorphism, by virtue of which
rocks are separated into parallel lamine. In
the gneisses and schists rearrangement and
ﬂuttcmno' of the old minerals and a production
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of new minerals have caused an orientation of
the mineral particles with their longer axes
parallel. The parallel lamin® in crystalline
schists are usually coincident with the bedding
planes, differing from them only where the
sediments are much plicated and the plane of
fissility does not follow the close crumpling of
the beds.

The yielding of the rock along shearing planes
which produces j omtmg, cleavage, and ﬁss1hty is,
likefolding, caused by lateral compression, owing
to a tangential thrustfrom the direction of the
Atlantlc Ocean segment which continued dur-

‘ing a long period of time and which acted most

strongly in a direction at right angles to the
strike of the major folds. At the same time
vertical movements, bringing the beds to their
present position, probably aided the work of
horizontal compression, which is operative
only at great depths in the zone of flowage and
fracture. The two components of the force
are lateral and vertical thrust. When open
upright folds have passed by means of lateral
thrust into closed and compressed folds, the ver-
tical thrust tends increasingly to overturn them.

' The uniformity of the southeast dip of the

formations shows that the major force was
from that direction; the minor folding, normal
to the major, resulted from suboceanic spread
from the direction of the Gulf of Mexico. Tan-
gential thrust began in pre-Paleozoic time and
continued throughout the Paleozoic era, cul-
minating at the close of the Carboniferous
period. The belt of crystalline rocks which
lies on the northwestern border of the Triassic
cover presents the structural features described
above, modified to some extent by its greater
distance from the position of initial stress. In
the southeastern belt'an anticlinal arch brings to
the surface the pre-Cambrian gneiss as the core of
a great major fold. This arch, passing under the
Triassic shales, is to some extent obscured by
them but becomes plainly apparent along the -
northwestern boundary of the eastern belt of
metamorphosed crystalline rocks. Farther
southeast it passes into a synclinal trough of
Ordovician material, of which the northwest
limb forms Chester Valley and the southeast
limb underlies a faulted cover of Wissahickon
mica gneiss. = A great anticline of pre-Cambrian
gneiss follows the syncline and is succeeded by
several folds which finally disappear under the
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Cretaceous sediments of the Coastal Plain, on
the southeast border of the Piedmont Plateau.
The structure of this pre-Cambrian anticline
is much obscured by many intrusions of
igneous material, and in Maryland the anticline
itself is broken up by igneous material.

STRUCTURE OF THE DOE RUN AND AVONDALE
REGION.

FOLDS.

In the major folds of the Doe Run and Avon-
dale region are represented the three great anti-
clines and the synclines described above.
the northwest corner of the region the Balti-
more gneiss forms the core of the North Chester
Valley anticline, which is flanked on the south-
east limb by Cambrian quartzite, succeeded by
the Cambrian and Ordovician Shenandoah
limestone. Farther southeast, on the South
Valley Hills, the Ordovician Octoraro schist
comes to the surface in a wide, shallow syncline
terminated by a long thrust fault, which has
brought the Wissahickon mica gneiss into direct
contact with the Ordovician schist. The pecu-
liar course of this fault plane is treated in detail
on page 27.

The rocks underlying the overthrust gneiss
form a shallow synclinorium, here called the
Modena-Chester Valley synclinorium. On the
southeast limb of the synclinorium the under-
lying limestone comes to the surface in the
crests of secondary anticlines, where stream
erosion cutting through the overthrust cover
of mica gneiss has established anticlinal valleys
in the limestone. ‘

An overturned syncline of quartzite and
limestone separates the Wissahickon gneiss
from the southern dome of the Baltimore
gneiss, in which the rock forms a steep anticline
overturned to the northwest. Southeast of this
anticline, here known as the West Marlboro
anticline, asynclinal wedge of limestone has been
faulted upon the Baltimore gneiss along a
fault plane having a very gentle southeast hade;
the fault plane is split and the overthrust Wis-
sahickon gneiss almost completely covers the
syncline, leaving only a small remnant of lime-
stone exposed. These structural features are
shown in Plate III, section A-A’, which is
drawn along a line normal to the average strike
of the formations. The secondary and tertiary
anticlines and synclines that compose the great

In
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folds are the controlling factors in the areal
distribution of the formations. The Shenan-
doah limestone occupies, for the most part,
synclines and it represents the troughs of folds
remaining after the erosion of the rest of the
formation, a relation of the limestone to the
adjoining formations which 1is illustrated in
Plate III.

South of Avondale the Baltimore gneiss is
closely folded into small anticlines and syn-
clines whose character is indicated by the pre-
vailing southeasterly dips. South of Landen-
berg is an area of limestone which exhibits sim-
ilar structure, the southeastern limb of a syn-
cline cut off by an overthrust from the south-
east.

This structure, which is illustrated by the
sections, conforms to that prevailing in the
southeastern part of the Piedmont region.
The only striking divergence occurs in the lime-
stone which extends from Baker southwestward
and lies north of the Westgrove area of quartz-
ite, where there is a normal upright syncline.
The primary folds may be traced along the
strike to the northeast and southwest. The
Cabin John and Buck Ridge anticline extends
from Maryland to New Jersey and throughout
its length is bounded by synclines; the north-
ern syncline passes into the anticline of the
North Valley Hills, and the southern syncline
extends southwestward until it is overlain by
younger deposits of the Coastal Plain or
obscured by pre-Cambrian igneous rocks.

The major folds, however, do not explain the
pinching out of the Baltimore gneiss, the
Chickies formation, and the Shenandoah lime-
stone parallel to the strike, while to the north-
east and southwest there is a uniform exposure
of the Wissahickon gneiss. The explanation of
the lack of formational continuity must be
sought in the minor folding, which is rather
pronounced in character. The anticline of pre-
Cambrian gneiss represents a dome whose
northeast and southwest flanks slope away in
gentle minor synclines. A little farther north-
west the same minor folding is apparent, but
the axis is shorter. The northern finger-like
limestone- areas, from Springdell to Doe Run
station and from Doe Run post office north to
Buck Run, represent the crests of small minor
anticlines. " These anticlines pinch out toward
the north, and the small minor syncline of Wis-
sahickon mica gneiss which separates the lime-
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stone anticlines also dies away to the north-
west, so that the undulation of the minor fold-
ing becomes scarcely perceptible.

FAULTS.

The rocks of this region are cut by a long
thrust fault. In the northern part of the re-
gion the syncline in the Ordovician schist has
been partly covered by this thrust fault, which,
extending across the entire region, brings the
Wissahickon mica gneiss over formations of
several ages and into contact with the schist.
The contact plane of the pre-Cambrian mica
_gneiss with formations of different age is every-
~where the plane of the overthrust.

It is impossible to determine the exact extent
of the Doe Run overthrust, but it is probable
that the mica gneiss was carried over the sur-
face of younger formations for more than 15
miles from the source of the fault. The origi-
nal location of the Wissahickon has been ob-
scured by the pre-Cambrian igneous intrusions
and by the deposition of the post-Paleozoic for-
mations of the Coastal Plain. The most north-
ern intersection of the fault plane with the ero-
sional surface is found on the boundary of the
Octoraro schist, but it is likely that the original
extent of the overthrust has been reduced by
crustal shortening. That earth movements of
similar extent are not uncommon is shown by
a number of gently sloping overthrust fault
.planes in the southern Appalachian region. A
fault in North Carolina and Tennessee, de-
scribed by Keith,! extends over 100 miles in a
northeasterly direction. The displacement
along a gontle hade is estimated as at least 20
miles. The Rome fault? is another charac-
teristic example of such an overthrust. Ex-
tending through Georgia and Alabama for
many miles, it has thrust Cambrian shales over
the underlying Silurian and Carboniferous rocks
for more than 5 miles. An example of over-
thrusting on a much larger scale is seen in Scan-
dinavia,® where the Archean crystalline schist
has been moved over the Paleozoic. formations
for some 500 miles, with a horizontal displace-
ment amounting to 80 miles. Similar over-

1 Koith, Arthur, U. 8. Geol. Survey Geol. Atlas, Roan Mountain folio
(No. 151), 1907,

3 Hayes, C. W.y, idem, Rome folio (No. 78), 1902.

8 Hogbom, A, G., Studies in the post-Silurian thrust region of Jiimt-
land: Guido des excursions ¢n Sudde, tome I, No. 2, Eleventh Internat.
Geol. Cong., 1010, Térnobohm, A. E., Geol. Foren. Forh., Bd. 10,
p. 328-336, Stockholm, 1888, .
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thrusts have been noted in the Eriboll disloca-
tion zone, in northwestern Scotland,* in the
Swiss Jura,’ and in various other zones of intense
folding. In all these localities the horizontal
thrust plane has been folded along with the un-
derlying rocks by subsequent diastrophism. In
the Doe Run and Avondale region subsequent
deformation has folded both underthrust and
overthrust rocks, and although the massive
Shenandoah limestone has in the main acted as
a resistant formation, yet in some places the
sharp folding has produced lines of structural
weakness, and along these lines the plane of the
major overthrust may have been dislocated by
subsequent thrusts, although it was impossible
to procure evidence for sach'subordinate faults
of younger age. ‘

Erosion combined with minor and major
folding has cut the great thrust fault plane in
a peculiarly irregular manner. The trace of its
contact with the surface is therefore an ex-
tremely irregular line.

In this overthrust of the Wissahickon mica
gneiss upon the Shenandoah limestone is found
the explanation both of the superposition of
mica gneiss upon limestone in the quarries of
the district and also of the seemingly anomalous
occurrence of younger formations in the val-
leys and older formations on the hilltops. (See
fig. 4, p. 15.) The pitch of the formations to
the northeast and southwest carries the fault
plane below the surface, so that its extent along
the line of strike can not be determined.
Thinning out of the limestone owing to lack of
sedimentation makes it impossible to determine
the fault plane by the reappearance of the lime-
stone at the surface, and its trace is lost in the
Wissahickon mica gneiss. '

JOINTS.

Jointing is & prominent feature of the rocks
of the region. The pre-Cambrian gneisses have
four important and persistent systems of joints,
of which the three most pronounced are com-
mon to the Paleozoic rocks. The north-south
joint system strikes from N. 15° W. to N. 10°
E., and the east-west joint system strikes from
N. 80° W. to N. 75° E. 'The dip of the planes

1. 4+ Geikie, Archibald, Geol. Soc. London Quart. Jour., vol. 44, pp.

378-441, 1888; based on field notes of B. N. Peach, J. Horne, W. Gunn,
C. T. Clough, L. Hinxman, and H. M. Cadell.

5 Rothpletz, August, Deutsche geol. Gesell. Zeitschr., Bd. 35, p. 134,
1883. .
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in both these systems is almost vertical, and
the joints of the two systems, intersecting
nearly at right angles, combined with the bed-
ding plane, cut the rock into rhombohedral
blocks. The third joint system, striking about
N. 45° E., includes strike joints which are
utilized as the back faces of quarries, as in the
quartzite quarry on the north side of the road
leading southwestward from London Grove,
where 2 triple system of joints shows very dis-
tinctly. The fourth joint system, which strikes
N. 45° W, is found in the Baltlmore gneiss and
WlSS&hICkOIl mica gneiss. :

HISTORICAL GEOLOGY.,
PIEDMONT PLATEAU.

In order to understand the history of the

Piedmont Plateau it is necessary to discuss that
of the Appalachian region. A land area which
has been called Appalachia existed along the
present eastern border of the United States
from pre-Paleozoic time, and its streams
drained westward into the Appalachian Straits,
an interior sea whose eastern shore was some-
where in the Piedmont Plateau and whose
western shore was east of Mississippi River.
The highly feldspathic shore material carried
down by the Appalachlan streams subse-
quently formed in the northern part of the
Piedmont region the great expanses of Balti-
more and Wissahickon gneiss, and in the south-
ern part the thick deposits of Carolina gneiss.
After the lapse of a period of time whose dura-
tion can be inferred only from the great thick-
ness of pre-Cambrian sediments, a change in
conditions set in. A gradual emergence of the
land and a westward migration of the shore line
took place, accompanied by igneous activity,
during which large masses of granite, diorite,
and pyroxenite were intruded into the pre-
Cambrian gneisses, and a process of mountain
building, similar to that which produced the
Sierra Nevada and the Coast Range, was begun
by the uplift of the deep-seated pre-Paleozoic
rocks. The ancient Appalachian streams, re-
juvenated by uplift, began to cut down through
the newly formed land and once more found
their way by lengthened courses to a sea which
had migrated toward the west and was reduced
to little more than a strait.

As the conditions of heat and pressure, which
had led to igneous action, resumed an equilib-
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rium, the widening waters of the Appalachian
Straits slowly transgressed upon the shore
lines of Appalachia in a period of submergence
which lasted until the end of Ordovician time.
Disintegrating feldspathic gneisses and igneous
rocks furnished large pebbles of quartz and
feldspar which were carried down by the streams
and dropped along a receding shore line, forming
the basal conglomerate that marks the close of
the period of erosion that resulted in the pre-
Cambrian unconformity and the beginning of a
long period of quiet sedimentation. North of
Philadelphia, traces of this conglomerate, ex-
posed by the upward pitch of a syncline, under-
lie a fine-grained white quartzite which repre-

'| sents the Lower Cambrian and which extends

in varying thickness and amount throughout
the Piedmont region. At the beginning of
Cambrian time a slow subsidence of the upland
was flooding the stream valleys at their mouths,
forming estuaries in which was deposited shore
material of coarse sand, often impure, because
wave action was not sufficient to sort the mate-
rial. In the northern part of the Piedmont
region this sand by consolidation and meta-
morphism has become quartzite, or mica schist,
or mica gneiss; in the south, with little or no
metamorphism, it has become sandstone and
shale. Itsthicknessis variant owing to changes
in level of the strand line during deposition.
These local oscillations next gave rise to a
deposit in which micaceous mud alternates
with sand. Subsequent continuous erosion of
the Appalachian land brought to the sea finer
and finer sediments, and over the Lower Cam-
brian quartzite calcareous deposits were laid
down in a transgressing sea, so that gradual
denudation of the land, accompanied by an
expanding and deepening of the sea, resulted
in a thick accumulation of late Cambrian and
Ordovician limestone, the Shenandoah lime-
stone. Conditions remaining unchanged, the
Cambrian period passed into the Ordovician
without stratigraphic break, so that it is only
by study of the changes in marine life that the
periods can be separated. In later Ordovician
time there was a negative displacement of the
strand line and the positive element, Appalachia,
once more increased in extent, while in the west
a Cambrian island was elevated above the in-
terior sea and formed the Cincinnati arch. The
streams, quickened by rejuvenation, carried
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down from the late Cambrian and Ordovician
lowlands large quantities of a fine clayey mud
and deposited it conformably upon the lime-
stone, forming the Ordovician shale, which
produced the Martinsburg shale of the southern
Piedmont area, and probably by later meta-
morphism the Octoraro schist of the northern
Piedmont.

The emergence that marked the close of the
great period of limestone deposition continued
in this region until the close of the Paleozoic
era, while elsewhere a varying succession of
sand and shale was laid down. At first shale
succeeded limestone in all parts of the region,
but when the uplift was accomplished the shale
was confined to deeper-water sedimentation.
Uplift continued until the Appalachian Sea
was closed at the north and became a gulf.

In the southeastern Piedmont belt of Penn-
sylvania no sediments younger than Ordovi-
cian are found. Silurian and Devonian sedi-
ments may have been laid down and later
* removed by erosion, but it is likely that this
area, during the deposition of the coal measures
in western lagoons, was a land mass which
received no further sediments until the end of
the Triassic period. The Appalachian Gulf was
being slowly filled, and the shore line was
moving west, until, at the end of Carboniferous
time, marine sedimentation in the Appalachian
Straits was brought to an end.

During the post-Carboniferous period of
erosion the uplifted continent was worn down
by the degradation of upper Paleozoic sedi-
ments, so that if any post-Ordovician Paleozoic
formations were ever present in the Piedmont
Plateau they were completely removed. A
slow transgression upon the eastern shore of the
Appalachian continent followed the emergence
of the western coast from the interior Paleozoic
sea. Exactly where the Atlantic coast line
stood in Mesozoic time can hardly be de-
termined, but the ‘evidence of the deposits
of the Newark group would indicate that
toward the end of the Triassic period a series
of lagoons and tidal estuaries extended along
the eastern border of the continent, then worn
down to the level of Ordovician sediments. In
the shallow, brackish water of these lagoons
rivers were depositing the mud and sand from
the eroded Paleozoic rocks which subsequently
formed the ripple-marked red shales and sand-
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stones of the Newark group. Volcanic activity
accompanied the sedimentation, resulting in
flows of basic lava and in the intrusion of sills
and dikes of diabase which extend with various
interruptions from the great Palisades of New
York to isolated dikes in Maryland. With the
emergence of the Newark sediments the last
sedimentation distinctive of the Piedmont
Plateau came to a close. The history of all
succeeding deposits may be read in the adjoin-
ing Coastal Plain province.

DOE RUN AND AVONDALE REGION.

The formations of the Doe Run and Avon-
dale region present an epitome of the geologic
history of the Piedmont Plateau from early
pre-Cambrian through Ordovician time. In
order to understand the somewhat irregular
sedimentation of this area the conditions of
deposition must be clearly borne in mind. It
will be remembered that the Appalachian
continent, worn by erosion to a region of low
relief, lay to the east of the present Piedmont
district, and the interior sea, which had widened
in the south probably as far east as the present
Atlantic shore and had migrated in the west
across the great Appalachian Valley to Mis-
souri and Wisconsin, was rapidly narrowing
in its northern part to little more than a strait.
The sediments which form the Wissahickon
mica gneiss were being laid down in a thick
deposit along the shore line of Appalachia.
That the southern portion of the Doe Run and
Avondale region remained, in part at least, a
land mass until the beginning of Cambrian
time is a conclusion suggested by the absence
of the Wissahickon mica gneiss between the
Baltimore gneiss and the Cambrian quartzite
in the Woodville-Chatham anticline, and by
the presence on the flanks of the igneous core
of a sedimentary transition facies of the
Baltimore gneiss. Pumpelly! has described
a gneiss from Hoosac Mountain, Vt., which
presents the same anomalous feature—that of
a transitional form apparently in direct con-
tinuity with two formations otherwise sepa-
rated by a great time break and an erosional
unconformity. He explains the gneiss of
Hoosac Mountain as a local consolidation of

! Pumpelly, Raphael, The relation of secular rock disintegration to
certain transitional crystalline schists: Geol. Soc. America Bull., vol. 2,
DPP. 209-224, 1890.
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decayed rock material; according to him the
consolidations favorable for deep rock dis-
integration are ‘a land surface exposed during
a long period to the influence of a moist climate
and protected by vegetation.”

Toward the end of pre-Cambrian time the
land surface of the Avondale district had
reached an advanced stage of disintegration
similar to that described by Pumpelly as con-
sisting of three zones. On the surface was a
layer of kaolinized material, forming a clay;
between the semikaolinized material and the
fresh rock was a zone in which the process of
disintegration had advanced only far enough
to weaken mineral cohesion by alteration of
the micaceous or hornblendic layers. A resid-
ual soil produced under such conditions would
remain in place, forming a deep zone that would
grade insensibly into a layer in which disinte-
gration had not been accompanied by decay.

That compressive stress was already acting
.upon the Baltimore gneiss of the Pennsylvania
Piedmont is shown by the intrusions of gab-
broitic magma now found in the pre-Cambrian
gneiss; at the same time folding and meta-
morphism were taking place, thereby giving a
gneissic character and simulated conformity
to both igneous and sedimentary formations.
During this period of stress the semidisinte-
grated material in the zone of weakened cohe-
sion, overlying the true gneiss, yielded readily
to pressure and was consolidated, assuming the
gneissic structure of the parent rock.

The transgression which ushered in the
Cambrian period was contemporaneous with
the development of the thrust force which
metamorphosed pre-Cambrian rocks into
gneisses. The residual clay soil, washed away
by the rapidly advancing waves, was deposited
in deep water far from the shore; the coarse
semikaolinized material, an easy “prey to
erosion, was carried to the sea and deposited
near the shore, subsequently forming the con-
glomerate that marks the base of the Cambrian;
the removal of these two upper zones exposed
the lower beds of secularly disintegrated rock
that had been consolidated in place; and by
the erosion of this transitional gneiss material
was furnished for the formation that was later
consolidated and metamorphosed into the
Lower Cambrian mica gneiss of the Chickies
formation.

TO GENERAL GEOLOGY, 1916.

During later Cambrian and Ordovician time
the sedimentation of the Doe Run and Avon-
dale region was quiet and continuous, unin-
terrupted by -any marked disturbance.
Streams working in the pre-Cambrian gneisses
of the northern and southern areas were cutting
out a fine quartzose sand which was deposited
at river mouths in deepening estuaries.

Submergence continued without local uplift,
so far as the evidence shows, and deepening
water in. Upper Cambrian time received the
wide limestone. deposit which continued into
the Ordovician period and probably extended
over the whole surface of the Doe Run and
Avondale region. A slight negative move-
ment of the strand line ensued, and a load of
fine mud was poured into the clear waters of
streams that had been carrying lime in solu-
tion. The first result of the change in stream
content was the deposition of a calcareous shale
upon the surface of the limestone. On further
uplift erosion washed down from the lowlands
large quantities of finely divided clayey mate-
rial, which was subsequently consolidated to a
shale and metamorphosed to the Octoraro
schist. Deposition of Silurian sediments upon
the Ordovician shale seems probable, but all
positive evidence of such sedimentation has
been removed by subsequent erosion. In the
southern part of Pennsylvania adjacent to the
Piedmont Plateau, as estimated by Stose,' the
total thickness of the Paleozoic sediments is
20,000 feet, and about 4,000 feet of this thick-
ness represents post-Martinsburg sedimenta-
tion; it is therefore probable that in the Doe
Run and Avondale region a light load of sedi-
ments may have covered the Ordovician shales.

In the pre-Cambrian sea southeast of the
Doe Run and Avondale region the Wissahickon
mica gneiss had been deposited in the form of
an arkosic argillite, which during the late pre-
Cambrian period of diastrophism was consoli-
dated and metamorphosed. Before the begin-
ning of the Paleozoic era the Wissahickon
gneiss suffered erosion in the pre-Cambrian
mountains of Appalachia, and when the western
part of Appalachia was buried beneath Paleo-
zoic sediments the gneiss was brought into the
zone of anamorphism and was subjected to the

1 Stose, G. W., The sedimentary rocks of South Mountain, Pa.: Jour.
Geology, vol. 14, pp. 201-220, 1906: U. S. Geol. Survey Geol. Atlas, Mer-

cersburg-Chambersburg folio (No. 170), 1909.
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compressive forces that operated throughout
the Paleozoic era. Through the whole of early
Paleozoic time a slowly accumulating earth
stress was making itself felt in deeply buried
sediments. The resistant power of the Shenan-
doah limestone, combined with its extent,
made it a competent stratum in the process of
folding. According to C. W. Hayes * the requi-
sites for great overthrust movements are a
light load upon a competent stratum. The
Shenandoah limestone at first offered the requi-
site resistance to the strong thrust force, and
later, after it had been folded into gentle open
folds, it gave way to the accumulating stress
which thrust the Wissahickon gneiss, originally
deposited on the western shore of Appalachia,
far over the surface of the folded limestone.

From astudy of the structure in the Doe Run

and Avondale region it seems probable that
there were two periods of folding during Paleozoic
time. Itisanacceptedfactthatthe Appalachian
Mountains are a pre-Permian range which iscon-
nected; by way of the mountains of Newfound-
land and Nova Scotia, with the pre-Permian
mountains of Europe—the Armorican-Variscan
ranges. In the Piedmont Plateau the effects
of the pre-Permian diastrophism which formed
these mountains are seen in the folding and
faulting of the Paleozoic formations. In Scan-
dinavia, Scotland, and Ireland the Armorican
Mountains follow the line of an older range—
the pre-Devonian Caledonian Mountains. The
pre-Cambrian platform in the Caledonides,
according to Peach and Horne,> ‘‘has been
driven forward until the Archean rocks have
been carried over the truncated edges of the
Silurian strata.” In the Scottish Highlands the
presence of Lower Devonian strata, unaffected
by this period of thrusting and faulting, makes
evident the age of the movement. In the
Piedmont Plateau there is a similar series of
pre-Cambrian and Cambrian and Ordovician
rocks. Here also an overthrust has brought
pre-Cambrian gneiss over Paleozoic sediments,
but in the Doe Run and Avondale region erosion
has removed the Silurian and post-Silurian
rocks, so that proof of the age of the thrusting
can not be found in the presence of undisturbed
material.

! Hayes, C. W., The overthrust faults of the southern Appalachians:
Geol. Soc. America Bull., vol. 2, pp. 141-154, 1891.

* Peach, B. N., and Horne, J., Nature, vol. 31, p. 33, November, 1884;
sec also London Geol. Soc. Quart. Jour., vol. 44, p. 378, 1888.
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In Brazil and in northwestern Europe there
are pre-Devonian mountains whose formation
was due to the same cause—tangential com-
pression derived from suboceanic spread. It
is probable that this compression affected
Appalachia, the great positive element of the
eastern Atlantic region, as well as the northern
and southern Atlantic regions, though the
resulting diastrophism may not.have been
exactly contemporaneous. Schuchert considers
the Taconic revolution (the pre-Silurian period
of folding and thrusting in eastern America)
the most marked disturbance of the era except
the Appalachian revolution; it may be that
the time of thrusting in Appalachia was pre-
Silurian, instead of pre-Devonian, correspond-
ing to the age of the Caledonides in northern
Africa. It is possible that the thrusting was a
gradual movement which kept pace with the
deposition that probably occurred in eastern
Pennsylvania during Devonian time. By the
end of the Carboniferous period a reaccumu-
lated earth stress once more found relief in a
period of folding by which the already over-
thrust gneiss was folded along with the under-
lying rocks. ‘

To these Paleozoic earth stresses, therefore,
the rocks of the Doe Run and Avondale region
owe their present complicated and overturned
structure, which was already established before
erosion had carried its work so far as to expose
to view the Ordovician schist. Upon the
degraded surface of this schist later Tertiary
and Quaternary deposits have been laid down
and again completely removed by erosion.

The fact that these deposits once extended
over the whole region is proved by the char-
acter of the underlying drainage. The courses
of the larger streams show them to be out of ad-
justment ‘to the underlying formations, and
such a discordance can be explained only as a
superimposition of drainage inherited from a
cover of material that was sufficiently deep to
establish the streams firmly in their present

courses.
CONCLUSION.

Nowhere in the Piedmont Plateau does the
Wissahickon mica gneiss have easily inter-
preted relations to other formations. Near
Philadelphia it is in contact with the Balti-
more gneiss, an ancient pre-Cambrian forma-
tion which served as a floor for sediments of



 area.
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later age, or it is adjacent to younger sedimen-
tary material from which it is separated by
faulting. Elsewhere in this paper it has been
stated that the Wissahickon mica gneiss and
the Octoraro schist are in contact in the Doe
Run region and the immediately adjoining
The question of their age and of their
structural relations has been a moot point,
not only because of the difficulty in deter-
mining the age of the Wissahickon gneiss but
also on account of the ambiguous structural
relations existing between the mica gneiss and
the Ordovician limestone. In the Coatesville
quadrangle small outcrops of limestone occur-
ring within the mica gneiss exhibit a relation
which has a significant bearing upon the
problem of the age of the mica gneiss.

The age of the limestone must be first deter-
mined, but absence of fossils, metamorphism,
and complicated structural relations make this
determination difficult. The limestone may
belong to the pre-Cambrian and be the equiva-
lent of the Franklin limestone toward the
east, or it may be the representative of the
Cambrian and Ordovician Shenandoah lime-
stone. The limestone of the Doe Run and
Avondale region is lithologically dissimilar to
the Franklin limestone, and it is not associated
with graphitic gneiss, which usually accompa-
nies the Franklin. limestone. On the other
hand, the limestone of the Doe Run and Avon-
dale region bears a complete lithologic resem-
blance to the Shenandoah limestone of Chester
Valley. It occurs in a conformable series
with a quartzite which has been correlated
with the Chickies quartzite of the North Valley
Hills. Moreover, the southern limestone
areas of the Doe Run and Avondale region are
in the direct line of strike with the Shenan-
doah limestone of Cream Valley, west of Con-
shohocken. For these reasons the limestone
of the region under discussion is correlated
with the Shenandoah.

The readily determined relation between the
Ordovician mica schist and the great belt of
Shenandoah limestone, which has been proved
by fossil content to be of Cambrian and Ordovi-
cian age, establishes the age of the mica schist
as Ordovician.! The conformable contact of
the schist upon the limestone is shown by the

1 Merrill, F. J. H., U. S. Geol. Survey Geol. Atlas, New York folio
(No. 83), p. 4, 1902. Bascom, Florence, idem, Philadelphia fotio (No.
162), p. 5, 1909. '
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lithologic gradation of the limestone through a
calcareous mica schist into the overlying for-
mation, as seen in Chester Valley near Coates- -
ville, and also by the constant presence of a
single bed of geodiferous, siliceous material
along the line of contact,? thereby proving that
the contact can not be a fault line.

The fact that no fossils have been found in
the Wissahickon mica gneiss makes it necessary
in determining its age to rely altogether upon
its stratigraphic relations to other formations.
In dealing with the relations of the mica gneiss
to the Ordovician Octoraro schist it must be
decided whether the gneiss is of the same age
as the schist and grades into it, or whether the
gneiss is of different age from the schist and is
separated from it by a thrust fault. The
evidence in the Doe Run and Avondale region
seems to indicate a difference in age notwith-
standing a marked resemblance between the
two formations. A certain resemblance be-
tween the gneiss and the schist, both in the
hand specimen and in the field, has caused
considerable difficulty in distinguishing them
and has given rise to the supposition that the
mica gneiss is probably of Ordovician age.
On close examination, however, it becomes
evident that the apparent gradation of gneiss
into schist across the line of strike is not
actual. A detailed study of the region has
established both lithologic and structural
differences, shown by the following facts which
have been used as a lithologic basis of separa-
tion between the two rocks:

1. The mica gneiss always contains feldspar,
usually in large amounts; the mica schist is
almost free from feldspar.

2. The gneiss shows close crumpling and
many fine plications; the schist is straight
bedded.

3. The gneiss is garnetiferous; the schist is
not.

4. The gneiss shows evidence, in coarser
crystallinity, of having wundergone greater
metamorphism than theschist; and thechangein
metamorphism is too abrupt and well marked
to be explained as the result of gradual east-
ward increase of the metamorphic action that
prevailed throughout the Piedmont Plateau.

5. The chemical analysis of the gneiss shows
the composition of an arkose which has under-

2 Bascom, Florence, idem.
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gone injection and impregnation, while the
schist has the composition of an argillite.

6. The dip of the gneiss is gentle, about
30°; that of the schist averages about 60°.

7. There are four well-marked joint systems
in the gneiss, whereas the schist possesses only
three ]omt systems.

The coarser crystallinity of the gneiss and
the development of deep-seated metamorphic
minerals not found in the schist, together with
the presence in the gneiss of one joint system
and many plications that are absent in the
Ordovician material, are evidences that the
mica gneiss has been subjected to the influ-
ence of one more period of.diastrophism than
the schist and is therefore much older than
Ordovician.

As the Wissahickon gneiss must be older
‘than Ordovician, let us examine the strati-
graphic column in the Doe Run and Avondale
region in order to decide at what horizon the
gneiss is most likely to belong. It can not be
considered younger than the limestone—
that is, underlying the schist and overlying
the limestone—because of the conformity
which has been established between the lime-
stone and the mica schist. That the mica
gneiss can not be included within the Shenan-
doah limestone is shown by the prevalent cal-
careous nature of the Shenandoah deposits seen
in the Great Valley and in the Piedmont region
of eastern Pennsylvania. The generally con-
ceded conformity between the Lower Cam-
brian deposits and the Shenundoah limestone
excludes the gneiss from a position between the
limestone and the quartzite and proves. that
the Wissahickon is as old as or older than the
Chickies formation.

It therefore remains to be considered whether
thero is sufficient evidence to warrant the in-
clusion of the Wissahickon gneiss in the Paleo-
zoic succession by placing it within the Lower
Cambrian. The character of the Wissahickon
and the absence of similar rock within the
Lower Cambrian of other regions make it seem
unlikely that a great thickness of arkosic mate-
rial may be included within Lower Cambrian
rocks, which elsewhere in the Appalachian
province indicate a persistently arenaceous
sedimentation.

It has been shown that the mica gneiss can
not be younger than the Shenandoah limestone,
that is, of Ordovician age—and also that it
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can not be of Cambrian age; hence by exclu-
sion from the Paleozoic succession the mica
gneiss becomes pre-Cambrian. Positive evi-
dence of this age is found in the relation which
the igneous intrusives bear to the Wissahickon
formation. The mica gneiss is penetrated by
granite, gabbro, and ultrabasic intrusive rocks
whose horizon is bounded by pre-Cambrian-
rocks. These intrusive rocks are found in-the
Baltimore gneiss and the Wissahickon mica
gneiss, but are not found to a significant extent
in Paleozoic rocks of known or questionable
age. The Paleozoic rocks are therefore sepa-
rated from the Wissahickon mica gneiss by an
unconformity which determines the pre-Cam-
brian age of the mica gneiss.

A further confirmation of the pre-Cambrian
age of the Wissahickon gneiss is the fact that
the formation can be traced westward from the
Doe Run and Avondale region through south-
eastern Pennsylvania into Maryland and thence
into the District of Columbia and Virginia. The -
formation in the neighborhood of Washington
which is lithologically similar to the mica
gneiss of Doe Run and Avondale has been de-
scribed by Keith! as the Carolina gneiss and
determined as pre-Cambrian.

The Shenandoah limestone on the south
side of the Cabin John and Buck Ridge anti-
cline has been folded into a syncline which is
made up of many secondaly folds. The Wis-
sahickon mica gneiss occupies the center of
many of these synclines, most of which are over-
turned toward the northwest, giving the strata
isoclinal dips. In order to explain the presence
of a pre-Cambrian gneiss in immediate contact
with the Cambrian and Ordovician limestone
and the Ordovician schist it is necessary to
assume the existence of a deep overthrust
fault, the origin and nature of which have been
described and which has brought the older for-
mation along a gentle hade to lie upon the
younger Paleozoic rocks. The resulting dis-
cordance has been obscured by a subsequent
diastrophic movement that has folded and
faulted the thrust plane as if it were a plane of
stratification.

In the neighborhood of Philadelphia Miss
Bascom ? has established two presumably con-
tinuous fault lines along Huntingdon and Cream

1 Keith, Arthur, U. 8. Geol. Survey Geol. Atlas, Washington folio
(No. 70), p. 2, 1901.

2 Bascom, Florence, U. S. Geol. Survey Geol. Atlas, Philadelphia
folio (No. 163), p. 16, 1909.
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valleys.  The Cream Valley fault has brought
up the Buck Ridge anticline of pre-Cambrian
gneiss until it overlies the syncline in the Ordo-
vician schist. The westward continuation of
this fault lies along the contact of the Wissa-
“hickon gneiss and Octoraro schist and extends
directly into the Doe Run region. The change
in dip between the schist and the gneiss is
structural confirmation of the existence of a
fault which is in complete accord, not only
with the prevalent type of Piedmont struc-
- ture as determined in the eastern Atlantic
States, but also with the structure of regions
similar to the Piedmont of the United States—
for example, northern Scotland and Scandi-
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navia, where overthrusting of like character
and magnitude has been worked out.

Therefore, as the existing evidence seems to
indicate a pre-Cambrian age for the, Wissa-
hickon mica gneiss, and as the structure nec-
essary to explain the relations of the gneiss to
the Paleozoic sediments is in keeping not only
with the intrinsic structural evidence of the
formations but also with the structure of regions
similar to the Piedmont of Pennsylvania, it
seems fair to conclude that the Wissahickon
mica gneiss is separated from the Shenandoah
limestone and the Octoraro schist by a thrust
fault which has been obscured by post-Ordo-
vician metamorphism. ’
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It was more extensively
studied by the Harriman
Alaska expedition * in
1899; by Grant 5 in 1905;
by Grant and Higgins 3
in 1908 and 1909; and
by Martin ® in 1910. In
1899 Gannett made the
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rately delineated the
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by Grant and Higgins in
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ing 1910. In 1899 the
Barry Glacier nearly
closed Doran Strait. (See
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FIGURE 6.—Map of the Port Wells district, Prince William Sound, A laska, showing location of Barry

Glacier.

“fig.7.) In1910, when the
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4Gannett, Henry, The Harriman Alaska Expedition: Nat. Geog. Mag.,
vol. 10, pp. 510, 511, 1899; Am. Geog. Soc. Jour., vol. 31, pp. 355-356, 1899,
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of the glacier, it had retreated approximately
3 miles from the position occupied in 1899.

The Barry Glacier was visited by the writer
in 1913 and again late in the fall of 1914.
Photographs were taken in both years, and
four of these photographs are reproduced here
(Pls. V and VI) for comparison with two photo-
graphs (PL. IV) by Lawrence Martin, showing
the position of the ice front in 1910. . The po-
sitions of the glacier front in 1899, 1905, 1908,
1909, 1910, 1913, and 1914 are shown in the
accompanying sketch map (fig. 7).

The glacier front in 1910 stretched in a
nearly straight line across Barry Arm (fig. 7

| 0 1 2

3 Miles

FiGUurE 7.—Sketch map of Barry, Coxe, and Cascade glaciers, Prince
William Sound, Alaska, showing position of glacier fronts in 1899,
1905, 1908, 1909, 1910, 1913, and 1914.

and Pl IV).
treat of the glacier uncovered bedrock in the
western part of the glacier front, near the left
center of the view shown in Plate V, 4. No
rock outcrops are visible in the photographs
- made in 1910 (PL. IV), nor does Martin mention
any exposed bedrock in the glacier front. ~As
an ‘apparent result of this uncovering of the
bedrock surface the western part of the glacier
front retreated less rapidly than the eastern
part, and in 1913 a marked reentrant was
noticeable along the east side of the glacier.

Between 1910 and 1913 the re-’
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On this side the Barry Glacier had also re-
treated beyond the Coxe Glacier and was com-
pletely separated from it (Pls. V, 4, and VI, 4).
The Barry and Cascade glaciers had partly
separated (Pl. VI, A). The surface of the
Barry Glacier at its outer end had also low-
‘ered, increasing the width of the bare zones

-at the sides of the glacier by an appreciable

amount. The linear retreat along the east
side of the glacier between 1910 and 1913 is
estimated as about 6,500 feet; that along the
west side as about 2,500 feet. The average.
annual retreat between 1910 and 1913 was
thus slightly over 2,100 feet on the east side
but only a little over 800 feet on the west side.
The rate of retreat on the west side, however,

‘was probably much greater prior to the ex-

posure of bedrock in the glacier front, as be-
tween 1905 and 1910 the receding glacier
preserved a nearly straight front across Barry
Arm. The inference that the rate of retreat
on the west side rapidly lessened after the un-
covering of bedrock in that portion of the
glacier front is borne out by the slight retreat
at this point between 1913 and 1914.

The photographs taken in the fall of 1914
show a continued withdrawal of the glacier,
most rapidly along its east side, where the
distance between the Barry and Coxe glaciers
had increased conspicuously (Pl. V, B). The
retreat here between the datesin 1913 and 1914
on which the photographs were taken appeared
to be about 1,700 feet. The bedrock in the
western part of the Barry Glacier front was
still visible, and appeared to be of about the
same height as in 1913 but to have a slightly
greater length along the glacier front. The ice
at this point had apparently retreated but
slightly since 1913. . The separation of - the
Cascade and Barry glaciers was more nearly
complete, and that part of the Cascade Glacier
already separated from the Barry Glacier had
retreated a short distance up the fiord wall
(Pl. VI, B). The surface of the Barry Glacier
was considerably lower, and that of the Coxe
Glacier had lowered slightly. The total retreat
of the Barry Glacier between 1910 and 1914
appeared to be about 8,200 feet along its
eastern edge and a little more than 2,500 feet
along its western edge.



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 98 PLATE IV

A. BARRY AND COXE GLACIERS, JULY 26, 1910.

Photograph by Lawrence Martin, Originally reproduced in Tarr and Martin’s **Alaskan glacier studies.”’
Used by courtesy of the National Geographic Society.

B. CASCADE GLACIER AT ITS JUNCTION WITH BARRY GLACIER, JULY 25, 1910.
Photograph by Lawrence Martin, Originally reproduced in Collier’s, vol. 47, No. 17, July 15, 191



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 98 PLATE V

A. BARRY AND COXE GLACIERS, AUGUST 18, 1913.

From outwash plain formed by Barry Glacier in 1899. (See fig. 7.) Note outcrop of rock
iBn 1‘Lroa\thof Barry Glacier and separation of Barry and Coxe glaciers. Photograph by
. L. Johnson,

B. BARRY AND COXE GLACIERS, OCTOBER 5, 1914.

Glaciers are much more widely separated than in previous years. Photograph by B. L. Johnson,
from deck of a launch.
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A. BARRY, COXE, AND CASCADE GLACIERS, AUGUST 15, 1913.
Photograph by B. L. Johnson, from deck of a launch.

B. CASCADE GLACIER AT ITS JUNCTION WITH BARRY GLACIER, OCTOBER 5, 1914.

Glaciers are almost separated, and Cascade Glacier has begun to retreat up the fiord wall.
Photograph by B. L. Johnson, from deck of a launch.



EXPERIMENTS ON THE EXTRACTION OF POTASH FROM
WYOMINGITE. .

By Roger C. WELLS.

INTRODUCTION.

The United States Geological Survey has
now made a considerable number of explora-
tions in search of a domestic source of potash
and further explorations are under way. In
the meantime the Survey has studied the
chemical and physical characteristics of the
rocks, minerals, and salines so far discovered,
and it is the object of the present paper to de-
scribe laboratory experiments made with the
rock wyomingite. .

Wyomingite, a lava occurring extensively in
the Leucite Hills in Sweetwater County, Wyo.,!
is composed largely of the mineral leucite, a sili-
cate of alumina and potash. Leucite is far
richer in potash than feldspar, which is com-
monly regarded as one of the most promising
prospective sources of potash. Moreover, the
potash in leucite, although not soluble in water,
seems to be more easily attackable by re-
agents than that'in feldspar, so that if any
igneous.rock should become a source of potash
wyomingite would have advantages over a
feldspar-bearing rock. Data on the proper-
ties of wyomingite will therefore be valuable.
While all the experiments to be described here
can not be considered as suggestions of com-
mercial possibilities, a record of them may not
only be suggestive to private investigators,
but save much repetition of preliminary inves-
tigation.

CHEMICAL COMPOSITION OF WYOMINGITE.

The wyomingite used in the experiments to
be described has the following composition:

! The quantity of leucite-bearing rock present at this locality is esti-
mated at nearly 2,000,000,000 tons, containing an average of 10 per cent
of potash. See U. S. Geol. Survey Bull. 512, p. 35, 1912. '

Composition of wyomingite.?

[W. F. Hillebrand, analyst.]

Silica (8i0g) .« v 53.70
Titanic acid (TiOg).eeoueunnoooo.... e 1.92
Alumina (AlOg).eeenenin i 11.16
Ferric oxide (Fe0g) - - v vevvmernnanninenannnnn. 3.10
Ferrous oxide (FeO)...... ... ... ... ......... 121
Magnesia MgO). ... .ooii it 6. 44
Lime (Ca0) e e 3.46
Soda (Nag0) .« it eaaaes - L67
Potash (Ky0)eeeen i e iiiiaae, 11. 16
Water (H,0). ..o onoont .. e eeeeieeeeaaa. 3.41
Phosphoric acid (PyOg).envenniii .. 1.75
Sulphur trioxide (SOg).... ..ot .06
Fluorine (F)eceeeen i .44
Other constituents....... e .92

100. 40

Specific gravity, 2.627.

This rock was obtained near Fifteen-mile
Spring, on the northeast side of Zirkel Mesa.
It is the typical dense reddish-brown wyoming-
ite, such as occurs in many of the mesas and
hills of this region.

MINERAL COMPOSITION OF WYOMINGITE.

According to Cross® this wyomingite really
consists of the following minerals: Uncom-
bined silica, 22.5 per cent; leucite, 35.7 per
cent; phlogopite, 22.3 per cent; diopside, 10.7
per cent; and accessory minerals, 8.8 per cent.
The potash content of wyomingite is distributed
among leucite, phlogopite, and a glassy base
which is chiefly uncombined silica. There is
enough uncombined silica in wyomingite to
have formed a feldspar, and why leucite was
formed instead has not yet. been explained.

2 Clarke, F. W., Analyses of rocks and minerals from the laboratory of
the United States Geological Survey, 1880-1914: U. S. Geol. Survey
Bull. 591, p. 74, 1915.

3 Cross, Whitman, Igneous rocks of the Leucite Hills and Pilot Butte,
Wyo.: Am. Jour. Sci., 4th ser., vol. 4, p. 133, 1897.
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On the assumption that in any process of ex-
traction this silica can be kept from combining

with the potash, the advantage inherent in.
the wyomingite can be seen at a glance by com-

paring the theoretical percentage of potash in
leucite with that in orthoclase feldspar, leucite
(K,0.41,0,.4810,) containing 21.5 per cent and
orthoclase (K,0.41,0,.6510,) 16.9 per cent.

BEHAVIOR OF CRUSHED WYOMINGITE IN
WATER.

. As leucite has a specific gravity of 2.45 to
2.50, while the specific gravities of phlogopite,
diopside, and silica are 2.7, 3.3, and 2.6,
respectively, it was hoped that some separation
of the lighter and more valuable mineral could
be made by a flotation process. A small
amount of wyomingite was crushed to pass an
80-mesh screen and separated into two por-
tions, one heavier and one lighter, by panning
with water. Each of these portions was panned
similarly. The combined lighter portions
weighed 0.93 gram and the heavier portions
0.60 gram. The lighter portion was analyzed
with the following results:

Effect of panning wyomingite.

Original L;%‘;fe’

rock. fion
KoOuooiiiiiiii e per cent..| 11.2 12.1
Na,O......... e e aeaa. do.... 1.7 1.1

Although the effect was not as great as de-
sired it is evident that the method of concen-
tration used caused some separation of the
leucite from the other minerals. According to
Cross, wyomingite is a very fine grained rock,
so that it may be too much to expect that a
mechanical method of concentration will effect
a complete separation, but if such a method
could be discovered, it would render an enor-
mous quantity of mineral having a high potash
content available for chemical treatment.

Cold water attacks leucite somewhat, but
the action is so slight that the fact has scarcely
any significance unless it is in agricultural
chemistry. When certain other salts are pres-
ent in the water, however, the action is some-
what more noticeable. This was shown by
some experiments carried out with wyomingite
and gypsum, 10 grams of each, powdered, being
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placed in 500 cubic centimeters of water.
After shaking one day it was found that 0.0035
gram of K,O, or 0.31 per cent of the total K,0
in the rock, had been extracted by the solution.
A week later the potash in solution was found
to be 0.61 per cent of the total K,O originally
in the rock. These facts are also of interest in
relation to agricultural or soil chemistry and
are probably to be explained as due to a meta-
thetical reaction by which a part of the cal-
cium of the gypsum in the solution exchanges
itself for the potassium in the leucite.

In order to see if this exchange could be
brought about to a greater extent by grinding
the constituents 10 grams each of wyomingite
and gypsum were ground with 50 cubic centi-
meters of water in an agate mortar by a mechan-
ical grinder for two hours. The resulting solu-
tion, after filtration, was found to contain 2 per
cent of all the potash (K,0) in soluble form.
This is, however, only 0.22 per cent of the rock.

‘An experiment similar to the last was carried
out with lime in place of gypsum, resulting in
the extraction of 2.64 per cent of the potash in"
soluble form, or 0.34 per cent of the.rock.

EFFECT OF HEATING WYOMINGITE.

Merely heating wyomingite to a dull red
apparently causes very little change in it.
After it is heated a trace of its potash is found
to be soluble in water, but, this fact can have
no commercial significance. For effective ac-
tion some reagent must be added. The follow-
ing notes describe the effect of heating mixtures

-of the rock and certain reagents:

EXPERIMENTS WITH GYPSUM.

In addition to the experiments with gypsum
already described, the following were made:

1. A mixture of 1 gram of wyomingite and
0.2 gram of gypsum was finely ground and ig-
nited until fused. After cooling it was ground
and extracted with water. The soluble K,0O
amounted to 1.8 per cent of the rock, or 16.2 per
cent of the total X,0.

2. A mixture of 1 gram of wyomingite, 0.22
gram of gypsum, and 0.10 gram of sodium
chloride was finely ground, ignited to a dull
red, and, after cooling, extracted with water.
The soluble K,0 amounted to 2.5 per cent of
the rock, or 22.4 per cent of the total K,O.

In the light of these results gypsum does not
appear to be very efficient in decomposing the
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rock, at least when used in the proportions
tried in these experiments.

EXPERIMENTS WITH SULPHURIC ACID.

1. One gram of wyomingite was moistened
with 1 cubic centimeter of concentrated
sulphuric acid and heated gently in a large
platinum crucible for about an hour until
fumes came off freely. The soluble K,O
extracted amounted to 2.72 per cent of the
rock, or 24.5 per cent of the total K,O.

2. One gram of wyomingite was ground with
0.22 gram of gypsum, moistened with dilute
sulphuric acid equivalent to 0.18 gram H,SO,,
dried, and heated to redness. The soluble
K,O extracted amounted to 2.75 per cent of
the rock, or 24.8 per cent of the total K,0.

EXPERIMENT WITH POTASSIUM BISULPHATE.

On the theory that the action of hot sul-
phuric acid on wyomingite produces some
potassium bisulphate, an experiment was
made with potassium bisulphate itself as a
reagent. One gram of wyomingite was finely
ground with 0.5 gram of potassium bisulphate,
and the mixture was brought up slowly to a
dull-red heat. The result was disappointing.
Hardly any more K,O was extracted than had
been added in the reagent, though nearly all
the Na,0 of the wyomingite had been con-
verted into a soluble form.

This experiment seems to indicate that the
rearrangement effected in the sintering is
governed by the law of mass action, and that
treatment with a potassium reagent is not
likely to be efficient, at least for a commercial
process.

EXPERIMENTS WITH ALUNITE.

Notwithstanding the unfavorable result of
the last experiment it seemed worth while to
try the effect of heating wyomingite and
alunite together. Alunite is to be found com-
paratively near the Leucite Hills, and the idea
of the experiment was that a combination
of the two rocks might be treated in a single
process at a lower cost than the combined cost
of treating each separately. The alunite used
came from Marysvale, Utah, and was part of
that analyzed by W. T. Schaller for Butler
and Gale,! who described the deposit in 1912.

! Butler, B. S., and Gale, H. S., Alunite, a newly discovered deposit
near Marysvale, Utah: U, S. Geol. Survey Bull. 511, 1912.
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Composition of alunite.
[W. T. Schaller, analyst.] .
Alumina (AlyOg).. e oe

37.18

Ferric oxide (FegOg) o cvevmniiianeniiaiaanann. Trace.
Sulphur trioxide (SOg)eec.vcrneiiiiinaaianan. 38.34
Phosphoric anhydride (PyOs).«ceeeeeeneneian .. .58
Potash (KpO)uuuur oo ieeaaaeee 10. 46
Soda (Naz0) o ov it .33
Water (HyO). ..o 12.99
Silica (S10g) . - e ceeii i .22
100. 10

. 1. Wyomingite (0.2 gram) was finely ground

with 0.2 gram of alunite. After being slowly
heated to a dull red and then held at a me-
dium red for an hour in a J. Lawrence Smith
platinum crucible the cooled lump was ex-
tracted with water and yielded soluble K,O
equivalent to 6.15 per cent of the mixture.
As the theoretical yield of K,0 would be 5 per
cent from the alunite and 5.5 per cent from
the wyomingite, a total of 10.5 per cent, the
amount actually extracted was 57 per cent of
the total K,O—that is, the K,O extracted
might be considered all that in the alunite
alone plus about 20 per cent of that in the
wyomingite. As there is a very large quan-
tity of wyomingite available and as the cost
of mining and crushing would doubtless be
low, .it would appear that when alunite is
being treated the addition of wyomingite
might pay. \ : :

2. The next experiments consisted in vary-
ing the proportions of alunite and wyomingite.
By taking 0.2 gram of alunite and 0.4 gram of
wyomingite, the soluble K,0O obtained amounted
to 7.6 per cent of the mixture. The theoret-
ical yield of K,0O would be 3.5 per cent from
the alunite and 7.4 per cent from the wyo-
mingite, a total of 10.9 per cent; the K,0 ex-
tracted therefore amounted to 70 per cent of
the total—that is, all the potash in the alunite
was extracted and 55 per cent of that in the
wyomingite.

3. In another experiment with 0.2 gram of
alunite and 0.6 gram of wyomingite the yield
in soluble K,0 was 3 per cent of the mixture.
As the theoretical yield would be 2.6 per cent
from the alunite and 8.2 per cent from the
wyomingite, or 10.8 per cent in all, the result
represents only 28 per cent of the total K,O.
In this experiment the wyomingite was only
slightly attacked. '
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EXPERIMENT WITH CALCIUM CARBONATE.

The well-known method devised by J. Law-
rence Smith for determining the alkalies in sili-
cate rocks, involving the use of calcium car-

bonate and ammonium chloride, probably owes -

its success to the action of calcium chloride
formed during the reaction. However that
may be, the proportions of the reagents used
in this method are too great to be practicable
for commercial process, and accordingly it
seemed desirable to make a few experiments
to see if the proportions of the reagents could be
reduced. One experiment was tried out with
calcium carbonate alone, 0.3 gram of calcium

carbonate to 1 gram of wyomingite being used.

At the temperature employed, a dull-red heat,
scarcely more than a trace of potash was ren-
dered soluble. This result seemed to show that
the chief attack in the Smith method is due to
the calcium chloride, and accordingly the next
experiments were made with calcium chloride
alone.

EXPERIMENTS WITH CALCIUM CHLORIDE.

It was found that with moderate proportions
of calcium chloride too high a heat, say 1,000°
" C., causes the mixture to vitrify so that ex-
traction of the potash by water is impractica-
ble. The temperature used was therefore lim-
ited to a dull-red heat. The calcium chloride
was added in solution to finely ground wyoming-
ite in a platinum crucible, and the mixture was
slowly stirred during evaporation until the
mass was dry.

The results of the experlments are summa-
rized below:

Potash rendered soluble when wyomingite is heated to a dull

red with calcium chloride.

K0 rendered
soluble.
Wyoming-
ylbe CaCl;. Percent- Percent-
e of age of
2}% ok total
K,0.
Gram. Gram.
1 0.2 3.03 27.3
1 .4 6. 44 58.0
1 .6 8.10 73.0
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EXPERIMENT WITH MAGNESIUM CHLORIDE.

One gram of powdered wyomingite was mois-
tened with a saturated solution of magnesium
chloride, dried, and heated slowly to dull red-
ness in an open crucible. On extraction the
soluble K,0O amounted to 3.22 per cent of the
rock, or 29 per cent of the total K,O in the rock.

EXPERIMENT WITH A BITTERN.

When it was found that a part of the alkalies
in wyomingite is rendered soluble by heating
with magnesium chloride, an experiment was
made with a bittern, such as is obtained in the
manufacture of salt at Great Salt Lake, having
the composition shown below:

Composition of bittern used.

Gramsper| Per cent

liter. of salts.
Magnesium (Mg).................. 24.9 7.76
Potassium (K).................... 15.9 4.94
Sodium (Na)................. ... 69. 3 21. 60
Sulphate(SO,). ...l 65.0 20.27
Chloride (Cl)eceeeeoii it 145. 9 45. 43
321.0 100. 00

One gram of wyomingite was drenched with
2 cubic centimeters of the bittern,.dried, and
heated to dull redness, with the following re-
sults: Soluble K,O, 5.32 per cent of the dry
mixture; theoretical yield of K,O, 2.3 per cent
from the bittern and 6.8 per cent from the wyo-
mingite, or 9.1 per cent in all; K,O extracted, 58
per cent of total K,0. The K,O extracted may
be considered to be all that of the bittern used
and 44 per cent of that in the wyomingite.

EXPERIMENT WITH AMMONIUM SULPHATE.

Ammonium chloride in excess and under
pressure is known to react with leucite at 350°
in such a way as to set potassium chloride free.t
It seemed worth while to try ammonium sul-
phate also. In a single experiment 1 gram of
wyomingite was heated over night in a closed
glass tube at 310° with 0.2 gram of ammonium
sulphate. The potash rendered soluble by this
treatment amounted to 0.0352 gram, or 31.8
per cent of the total potash in the rock.

1 Clarke, F. W., and Steiger, George, The action of ammonium chlo-
ride upon silicates: U. 8. Geol. Survey Bull. 207, p. 16, 1902,



THE PHYSICAL CONDITIONS AND AGE INDICATED BY THE FLORA
OF THE ALUM BLUFF FORMATION.

By Epwarp WiLBerR BERRY.

INTRODUCTION.

The present paper has for its purpose the
description of a small flora collected from the
Alum Bluff formation, representing a horizon
hitherto unrepresented paleobotanically in
southeastern North America, and the discus-
sion of the bearing of this flora onthephysical
conditions of deposition and the probable age
of the deposits.

GEOLOGY OF THE DEPOSITS.

The Alum Bluff formation was named from
the bluff of that name on the east bank of the
Apalachicola River, about 25 miles below Chat-
tahoocheeor River Junction,in Liberty County,
Fla.* (See P1. VII, B, p. 56.) It is, according
to present knowledge, the uppermost formation
of the Apalachicola group. It comprises three
members, which, named in ascending order, are
the Chipola marl member, the Oak Grove sand
member, and the Shoal River marl member.

The Chipola marl, which is a thin yellowish
clay marl at the base of the formation as defined
by Matson and Clapp, carries a very extensive
and well-preserved marine fauna. It was
named from Chipola River, in Calhoun County,
Fla. The Oak Grove sand, stratigraphically
intermediate between the Chipola and Shoal
River, is a thin, highly fossiliferous gray or
greenish fine sand named from Oak Grove, on
Yellow River, and not represented by a litho-
logic unit at Alum Bluff. The Shoal River
marl, the highest known. fossiliferous member

1 The geology of this region is fully discussed in the following publica-
tions: .

Matson, G. C., and Clapp, F. G., A preliminary report on the geology of
Florida: Florida Geol. Survey Second Ann. Rept., pp. 21-173, 1909,

Vaughan, T. W., A contribution to the geologic history of the Floridian
Plateau: Carnegie Inst. Washington Pub. 133, pp. 99-185, 1910; see also
U. 8. Geol. Survey Prof. Paper 71, pp. 741-745, 1912, *

of the formation, is a thin series of interbedded
greenish sands and marls overlying the Oak
Grove sand. It was named from Shoal River,
in western Florida, and is not represented by a
lithologic unit at Alum Bluff.

The following section was taken at the point
where the fossil plants were collected, near the
lower end of the bluff and in the immediate
vicinity of the section measured by Dall.2 Itis
deemed worthy of reproduction because it
differs in certain particulars from Dall’s sec-
tion. Still other sections from different parts
of the bluff are given by Sellards and Gunter.®

Section at Alum Bluff, Fla. -

Pleistocene (?): ) Feet.
Light-colored ferruginous, rather loose sands. 9

Hard reddish clay................ ... ..... 2
Variegated reddish and yellowish ferruginous
BANdS. ..o, 65
Miocene:

Choctawhatchee marl: .
Dark-gray pyritiferousclay, more or lesscarbo-
naceous but scarcely meriting the term lig-
nitic given to it by Langdon, as no lignite
or plant fossils were observed init. Traces
of invertebrate fossils, for the most part un-
determinable, were observed in places.
The pyritiferous character of the clay gives
it an alum-like taste, whichaccounts for the
name of the bluff. Approximate thickness.
Bluish (when unweathered) fossiliferous clay
marl of irregular thickness, carrying Muli-
nia congesta, Ecphora quadricostata, Turri-
tella variabilis, and other species; much oxi-
dized inits upper portion, in which the fos-
sils are represented by poor casts, owing to
the solution of the shell substance ... ... 15-30
Erosion unconformity.

25

2Dall, W. H,, and Stanley-Brown, J., Cenozoic geology aloug the.
Apalachicola River: Geol. Soc. America Bull., vol. 5, p. 157, 1894

8 Sellards, E. H., and Gunter, Herman, Florida Geol. Survey Second
Ann. Rept., pp. 275, 276, 1909.
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Oligocene: .
Alum Bluff formation: Feet.
Cross-bedded laminated sands with clay lam-
inze and thin distorted clay lenses of small
extent. The sands are locally thicker -
bedded and argillaceous, especially in the
upper part, where they are in places packed
with the distorted detached rays of a Sabal-
like palm. In the lower part they are mere
evenly bedded and less argillaceous, being
composed’largely of asomewhat coarser gray
iron-stained sand with vegetable matter
aggregated in definite but not everywhere
horizontal layers. Here and there are thin
iron crusts, and some of the more argilla-
ceous laminz are bluish in color. Leafim-
pressions are much more abundant and
varied in these lower layers. The thick-
‘ness is variable, the maximum observed
beingabout. .. ... 10
Gray calcareous compact massive, in places
slightly phosphatic sand, somewhat fos-
siliferous; thickness about........... S, 12
Chipola marl member: Compact ferruginous,
abundantly fossiliferous argillaceous sand
carrying Orthaulax and other characteris-
tic Oligocene invertebrates; thickness

exposed... .. it
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most Oligocene or basal Miocene flora, prac-
tically the only one known in North America.

In Forrest County, Miss., in beds included
by L. C. Johnson in the Hattiesburg clay (see
Pl. vi1, 4, p. 56), I discovered in the summer of
1910 a small flora that appears to be synchro-
nous with that at Alum Bluff. The exact lo-
cality is on the south side of the New Orleans,
Mobile & Chicago Railroad, 1 mile east of Rag-
lan, and the outerop shows the following section
(see also fig. 8):

Section near Raglan, Miss.

Feet.
1. Compact reddish argillaceoussand.............. 0-12
2. Lightsandy clay........o oo iiiiiiiiiiiaia. 1-2

3. Compact argillaceous lignite .or brown lignitic

Unconformity (local?). .
4. Yellowish or gray argillaceous fine sand or sandy -
clay, grading into underlying beds............ 10
5. Similar materials of greenish color, weathering
yellowish, irregularly bedded and carrying
large numbers of poorly preserved plant re-
mains, mostly palm rays; grades into under-
lying beds; thicknessabout................... 4
6. Yellowish or greenish much-jointed sandy clay.. 6

= g Track level 15 feet above

'

low water of Leaf River

FIGURE 8.—Section of Hattiesburg clay near Raglan, Miss. Numbers correspond to those given in the section in the text.

Alum Bluff is a most interesting spot to the
physiographer, because of the striking contrast
in topography between the east and west banks
of the river; to the geologist, because it is a
classic locality for the so-called Old Miocene
and represents also the oldest known southern
outcrop of the Chesapeake Miocene; and to
the botanist, because in the wooded and damp
ravines along the bluff are to be found two
isolated gymmnosperms, both relics of bygone

floras, Tazus floridana Nuttall and Tumion
tazifolium (Arnott) Greene. Alum Bluff is of
particular interest to the paleobotanist, be-
_cause it furnishes a representation of an upper-

The plants in the sands at both the localities
mentioned above are few and very friable.
Collections could not be made in the usual way,
and as my improvised method proved very
satisfactory it is worth describing. A small
excavation in the loose, slumped sand was
lined with a large piece of burlap. This was
partly filled with plaster. While the plaster
was still soft the sandy specimen was placed
in it, the face of the specimen being left about
on the level of the plaster. After the plaster
had set the face was thickly covered with cot-
ton, over which the free ends of the burlap
were wrapped and tied firmly. Every speci.
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men treated in this way, some of which were
10 inches in diameter, survived the rough
handling on the river boat and the freight
transportation to Baltimore.

Fossil plants from Alum Bluff have been
mentioned by Langdon,! Foerste,> and Dall.?
. A few fragments of Sabalites were collected
by Dall, but no systematic collections were
made until I visited this outcrop in 1910 in
company with E. H. Sellards, State geologist
of Florida.

CHARACTER OF THE FLORA.

The flora is limited to 13 described species,
although fragments of otherspecies are present,
and I observed but did not succeed in collecting
a palmately veined Ficus, leaves of Gyminda
or Xanthoxylum, and pods resembling those of
the existing Gleditsia aquatica Marsh.

The determined species comprise a spot fun-
gus (Pestalozzites), a very abundant fan palm
(Sabalites), and 11 species of dicotyledons, in-
cluding an elm, breadfruit, buckthorn, cam-
phor, satinwood, ironwood, and persimmon.
There are 11 genera in 9 families and 8 orders.
These families are the elm (Ulmaces), mulberry
(Morace®), pisonia (Nyctaginace®), senna
(Cwmsalpiniace), rue (Rutace®), buckthorn
(Rhamnacesw), laurel (Lauracez), sapodilla
(Sapotaces), and ebony (Ebenacex). The
families Lauracese and Sapotaces are each rep-
resented by two species; the remaining seven
families have each a single species. By far
the most abundant form is the palm, broken
stipes and detached rays of which are thickly
crowded in the sands in places. Four of the
plants are ordinarily considered strictly tropi-
cal—the breadfruit (Artocarpus), brasiletto
(Ceesalpinia), Nectandra, and satinwood (Fa-
gara). The genera Pisonia and Cinnamomum
are commonly considered tropical, but Pisonia
reaches the keys of southern Florida in the ex-
isting flora and the camphor tree (Cinnamo-
mum) ranges northward to southern Japan and
to the rain forests of southwestern China,
while Cinnamomum camphora Linné is hardy
in cultivation around Tallahassee, Fla., and is

! Langdon, D. W., Some Florida Miocene: Am. Jour. Sci., 3d ser., vol.
38, p. 322, 1889; Geology of the Coastal Plain of Alabama, p. 373, 1804,

2 Foerste, A, F., Studies on the Chipola Miocene of Bainbridge, Ga..
and of Alum Bluff, Fla.: Am. Jour. Sci., 3d ser., vol. 46, pp. 244-254, 1893;
Fossil palmettos in Florida: Bot. Gaz., vol. 19, p. 37, 1894,

3 Dall, W. H.,and Stanley-Brown, Joseph, Cenozoic geology along the
Apalachicola River: Geol. Soc. America Bull., vol. 5,-pp. 147-170, 1894,
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not uncommon as an escape from cultivation
in woods and thickets throughout peninsular
Florida, being freely seeded by birds. In fact,
soil, humidity, and the length of the growing
season seem to govern the extension of the
tropical flora into the temperate zones to a
much greater extent than actual extreme tem-
peratures, the existing floras of both south-
eastern Asia and southeastern North America
showing many parallel examples of such ex-
tensions.

The Sabalites is represented in the existing
flora by the genus Sabal Adanson, which is now
confined to America. It consists of eight
coastal or stream-border shrubs and trees, five
of which are confined to the West Indies,
Mexico, and Venezuela; one is confined to
peninsular Florida, and two range northward '
along the Atlantic coast to the Carolinas.

The large mass of frayed and tangled. rays
and stipes of Sabalites in a matrix of sandy
alluvium both at Raglan, Miss., and Alum
Bluff, Fla., suggest that at the time these de-
posits were laid down the shores were low and
were densely clothed with palmetto ‘‘swamps”
or brakes. :

The genus Ulmus, although it has tropical
allies, is in the existing flora a strictly north-
temperate form having about 16 widely dis-
tributed species.

The family Rhamnace® is mostly tropical,
but several of the genera extend into the Tem-
perate Zone, and Rhamnus, in particular, is
mostly extratropical in the North Temperate
Zone. There are about 75 existing species, and
of the dozen North American forms several
range northward to Canada and British America
and only 1 ranges as far south as Florida.

The genus Bumelia has about a score or
more of existing species, ranging from Brazil
northward through Central America and the
West Indies to the United States, where two
species are found as far north as Virginia and
Tllinois.

The genus Diospyros belongs to a large
family that is mostly tropical in its distribution.
Of the more than 200 existing species our
common Diospyros virginiane Linné is found
as far north as southern New York and New
England. The genus is represented in south-
ern Europe, and there are several species in
eastern Asia. Moreover, of the 100 or more
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fossil species that have been described many
occur in associations that are obwously tem-
perate in character.

To summarize the climatic conditions indi-
cated by the flora, they are those of a tropical
flora becoming replaced by a temperate flora,
namely, subtropical or very warm temperate.
These conditions are obviously different from
those indicated by the Chipola marine fauna,
which comprises over 400 known species, mostly
Mollusca, and indicates a shallow sea (maximum
depth not over 20 fathoms) and, according to
Vaughan,! strictly tropical temperatures—that
is, the bottom temperature of the water did
not go below 70° F. during the year.

As has already been indicated, the flora em-
braces a number of tropical types which, as is
shown by the existing flora, are legitimately to
be expected to extend more or less beyond the
equatorial belt in areas where rainfall is abun-
dant and where extremes of low temperature
are absent. Associated with these are forms
like Ulmus, whose modern representatives are
prevailingly north temperate but some of which
extend into boreal regions. Still other of the
Alum Bluff forms, the Rhamnus, Bumelia, and
Diospyros, represent families which are mainly
tropical in the existing flora but which as repre-
sented by these genera have extended over large
areasof the warmer parts of the Temperate lonc

It seems to me that among existing plant
assemblages the Alum Bluff flora represents
three types of plant associations. One corre-
sponds in a general way to the “low hammock”’

. of present-day peninsular Florida, a type inter-
mediate between the true hammock and the
swamp type. A second plant assemblage indi-
cated is that of the low-lying semiswamp pal-
metto-brake type, along with some forms of the
sandy strand, such as Pisonia, Casalpinia, and
Fagara. In other words, this flora would find
a congenial habitat at the present time in the
delta of Apalachicola River or almost any-
where along the coast of peninsular Florida.
Although so much less extensive, the Alum
Bluff flora is somewhat less tropical in its facies
than the flora of the Wilcox group and decid-
edly less tropical than the floras of the Clai-
borne, Jackson, Vicksburg, or Catahoula. On
the other hand, it has not nearly the temperate
facies of the flora of the overlying Chesapeake

'Vaughan, T. W., Carnegie Inst. Washington Pub. 133, p. 156, 1910.

- conditions than the latter.
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Miocene and also indicates much more humid
This statement is
based on the flora of the Calvert and a consid-
eration of the abundant marine faunas of the
Calvert, St. Marys, Yorktown, Duplin, Choc-
tawhatchee, and Jacksonville formations.

The Alum Bluff flora may be considered to
be the result of a reversal of the history of the
present flora of peninsular Florida. That is to
say, the present flora represents primarily a
temperate flora receiving additions from the
Tropics, whereas the Alum Bluff flora repre-
sents an endemic tropical flora gradually becom-
ing invaded by members of a temperate flora
as a result of changing climatic conditions.

AGE OF THE FLORA.

The stratigraphic relations clearly indicate
that the Alum Bluff flora is younger than the
Vicksburg Oligocene and older than the Chesa-
peake Miocene. The faunal and floral evidence
1s equally conclusive. Not a single Alum Bluff
plant is common to the Oligocene (Vicksburg
and Catahoula) floras of Mississippi, Louisiana,
and Texas nor to the Chesapeake Miocene floras,
which are, however, smaller than those from the
Oligocene. Moreover, the facies of the Alum
Bluff flora is decidedly different from that of the
floras of any of these horizons. There are no
western United States or West Indian fossil
floras for comparison, so that it remains to con-
sider the probable European equivalents of the
Alum Bluff. ‘

As the Alum Bluff flora is obviously younger
than the abundant European floras of the San-
noisian (Lattorfian, Tongrian) and Stampian
(Rupelian) and older than the exceedingly rich
floras of the Helvetian and Tortonian (Vindo-
bonian), the only stages remaining are the Chat-
tian (Kasselian), Aquitanian, and Burdigalian
(Langhian, Mayencian).

The Chattian (Fuchs, 1894) is the lower
Aquitanian of Munier Chalmas and De Lappa-
rent (1893). It is considered the equivalent of
the Kasselian and in the Paris Basin is repre-
sented, according to Lemoine, by the meuliéres
de Montmorency. Accordlng to Haug its in-
vertebrate faunais distinguished by the absence
of Miocene types.

The Aquitanian (Mayer, 1857) now has the
narrow limits assigned by Dollfus (1906-7). It
marks the maximum regression of the Oligocene
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sea due to the elevation of the Pyrenees and the
beginning of Alpine orogenesis. Marine waters
invaded the marginal coasts in Aquitaine, the
Gironde, and Provence, in southern Spain, in
Italy, and at various points on the south side
of the eastern Alps; but the great bulk of the
Aquitanian sediments are those of lakes,
swamps, and lagoons, with lignites and abun-
dant and widespread mammals and plants.
In Aquitaine the Tongrian is said to grade
imperceptibly into the Aquitanian both litho-
logically and faunally, and the latter passes
into the Burdigalian in the same gradual man-
ner. The floras of the Aquitanian are like-
wise transitional in character between Oligo-
cene and Miocene. The marine faunas, how-
ever, are said by Haug to contain only 4 per
cent of Oligocene species and many Miocene
species, but the foraminiferal genus Lepido-
cyclina passes without modification from the
Chattian into the Aquitanian. The Aqui-
tanian has long been considered the uppermost
stage of the Oligocene, although many paleon-
tologists have pointed out the resemblances
between the upper Aquitanian floras and
faunas and those of the Burdigalian. Inrecent
years, under the leadership of Dollfus and other
French students, the Aquitanian has been made
the basal stage of the Miocene, although the
question of its reference to the Oligocene or
Miocene is vigorously disputed.

The Burdigalian (Depéret, 1892) is closely
related to the Aquitanian both faunally and
florally. The marine faunas as well as the ter-
restrial floras are said to indicate a slight
lowering of temperatures since Aquitanian
time. * Tectonic changes had caused the dis-
appearance of the broad lakes of the Aqui-
tanian, and the Burdigalian materials comprise
marine sediments on the southern and west-
orn borders of the continent and a series of
river, flood-plain, and swamp deposits (brown
coal) in the region extending from France to
Bohemia.

It can not be said that the Alum Bluff flora
offers conclusive evidence for detailed correla-
tion, as it is too small. All but two of the
species are new and offer only indirect evi-
dence. Of these new species the Ulmus is
very similar to Ulmus longifolia Unger, of the
Aquitanian of Bohemia, Germany, Styria,
and France, and the Sapotacites is most
like Sapotacites (Chrysophyllum) sagorianum,
from the Aquitanian of Sagor, in Carniola,
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described by Ettingshausen. The two species
with an outside distribution, Cinnamomum
scheuchzeri and Diospyros bmchysepala, have
both been identified in beds from a great va-
riety of horizons in Europe. Although many
of these identifications are of doubtful value,
both species had a wide range, geographic as
well as geologic. The original descriptions of
both, by Alexandér Braun, were based on
material from the Tortonia,n of Oeningen in
Baden. The two species are typically Oligocene-
Miocene forms and both are common and char-
acteristic in the Aquitanian and Burdigalian of
Durope

It is thus apparent that the Alum Bluff flora
can be considered either Aquitanian or Burdi-
galian, with a slight preponderance of the evi-
dence in favor of the Aquitanian. Maury ! on
the evidence of the molluscan fauna correlated
the Chipola marl with the Aquitanian-and con-
sidered the Oak Grove fauna, as well as that
of the sands at Alum Bluff a,bove the Chipola,
as ‘‘transitional” between Aquitanian and
Miocene. If subsequent paleozoologic studies
corroborate Maury’s work, there will be sub-
stantial agreement between the floral and
faunal evidence.

If the Alum Bluff formation is of Aqui-
tanian or Burdigalian age—and one or the
other alternative seems certain—the more or
less academic question is raised whether it
shall be classed as Oligocene or Miocene.

Since the proposal of the term Oligocene by
Beyrich in 1854 many have questioned its
utility or ultimate survival. Certainly there is
but slight structural (diastrophic) evidence for
placing the Oligocene-Miocene boundary in
Europe between the Aquitanian and Burdi-
galian, and the marine faunas as well as the
terrestrial floras and faunas show a gradual
transition from the one stage to the other, S0
that the French paleontologists will probably
be followed in their contention that the Aqui-
tanian should be placed in the Miocene.

In considering the American application of
the term Oligocene, it may be noted that there
appears to have been continuous and uninter-
rupted sedimentation in the Florida area from
the deposition of the underlying Chattahoochee
formation into Alum Bluff time. There also
seems to have been a succession of minor earth
movements during this period, and there was
& greater influx of terrigenous materials into

! Maury, C. G., Bull. Am. Paleontology No. 15, 1902.
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the Alum Bluff sea than into the Chattahoochee
sea, a change in sedimentary character more
probably due to an inland rise of the land
which accelerated erosion than to the shal-
lowing of the sea.

It seems obvious that the Alum Bluff forma-
tion as a whole is a predominantly shallow-
water deposit of clays and sands and that the
Chipola, Oak Grove, and Shoal River members
are faunal zones contained in successive lentic-
ular beds in the clays or sands.
of these zones are closely related but show,
according to Dall,! certain elements of tran-
sition in the Oak Grove sand from the tropical
Chipola fauna to one indicating a slight lower-
ing of the témperature.

There is thus no structural (diastrophic) evi-
dence for drawing the Oligocene-Miocene
boundary between the Chattahoochee and
Alum Bluff formations, nor is there any floral
or faunal evidence for such a boundary.
There is such a break between the Vicksburg
and Apalachicola groups, and the Alum Bluff
is separated by an erosion unconformity from
the overlying Choctawhatchee Miocene. It
rests with invertebrate paleontology to deter-
mine whether or not the whole of the Apa-
lachicola group shall be considered Miocene.
Whatever may be the final verdict, it remains
true that the flora preserved at Alum Bluff re-
cords the last phase of sedimentation before
the area emerged from the sea and that- the
most profound break in Tertiary sedimentation
in the southeastern United States, emphasized
equally by epeirogenic, faunal, and floral
changes, was at the end of Apalachicola time—
that is, it is represented by the unconformity
at the top of the Alum Bluff formation.

SYSTEMATIC ACCOUNT OF THE FLORA.

Class FUNGI.
Order MELANCONIALES.
Family MELANCONIACEZ.
Genus PESTALOZZITES Berry.
" Pestalozzites sabalana Berry, n. sp.
Plate VIII, figure 3; Plate IX, figure 9.
Essential characters unknown. Found in-

festing the leaves of Sabalites apalachicolensis
Berry in considerable abundance and causing

1 Dall, W. H., Contributions to the Tertiary fauna of Florida: Wag-
ner Free Inst. Sci. Trans., vol. 3, pt. 2, pp. 1574-1575, 1903.

The faunules -
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the formation of leaf spots. These spots are of
definite form and regular outline, small and
circular at first, becoming larger with age and
elongated parallel to the long axis of the ray,
thus becoming elliptical or lenticular in outline.
Maximum size observed, 1.5 centimeters in
length and 0.5 centimeter in width. Average
size, about 6 by 2 millimeters. The appearance
of the infested leaves is well illustrated in the
figures, and they are scarcely to be distinguished
from numerous leaves of the existing scrub
palmettos, as for example, Serenoa serrulata
(Michaux) Hooker, infested with the existing
leaf-spot fungus Pestalozzia sp.

Occurrence: Hattiesburg clay, Raglan, For-
rest County, Miss.; collected by E. W. Berry.
Alum Bluff formation, Alum Bluff, Liberty
County, Fla.; collected by E. W. Berry.

Collections: United States National Museum.

Class ANGIOSPERMZAE.
Subclass MONOCOTYLEDONZ.
Order ARECALES.

Family PALMACEZE.

Genus SABALITES Saporta.
Sabalites apalachicolensis Berry, n. sp.
Plate VIII, figures 1-5; Plate IX, figure 9.

Leaves of variable size, the maximum diam-
eter estimated (from collected material) at
about 120 centimeters. Rachis large, linear,
not enlarged at the base of the leaf, lenticular
in cross section, with straight unarmed edges,
continued for a short distance on the lower side
of the leaf as a rapidly narrowed acumen which
is only 3.5 centimeters in length in the small
specimen figured ; abruptly rounded-truncate at
the base of the leaf on the upper side, where an
inconspicuous ligule is present. Rays numer-
ous, 40 to 60 in number, carinate, linear-
lanceolate in form, expanding to their middle,
and free for about the upper third of their
length, more or less curved at the base. Max-
imum width observed about 4 centimeters;
average about 2 centimeters. Midribs of rays
not especially strong or prominent. Second-
aries numerous, fine, longitudinal, parallel,
largely immersed in the leaf substance, which
must have been coriaceous. No transverse
veinlets observed.

This species has a recorded range along the
coast of the Gulf of Mexico from Florida to
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central Mississippi and is in places abundant
but everywhere fr a,gmcntfuy In the absence
of fairly well preserved specimens showing the
rachis and acumen it is impossible to distin-
guish this form from the Wilcox species Saba-
lites grayanus Berry or the Oligocene species
Sabalites vicksburgensis Berry, so that possibly
the latter species, represented byincomplete ma-
terial, may be present in the Alum Bluff sands,
although I consider this extremely doubtful.

Sabalites grayanus differs from the present
species in the expanded upper end of the rachis,
the longer and more gradually narrowed acu-
men, and the more numerous rays, which are
usually more conspicuously veined.

The fragments of rays which are so common
in some of the deposits of the Vicksburg group
and which are made the basis of Sabalites vicks-
burgensis are to be distinguished from S. apa-
lachicolensis chiefly by their much more promi-
nent venation and longer and more slender
acumen. The present species at its region of
maximum occurrence at Alum Bluff is badly
infested with a leaf-spot fungus which I have
described as Pestalozzites sabalana Berry, n. sp.

The foliage of palms is abundant and well
distributed throughout the deposits of the
Wilcox, Claiborne, Vicksburg, and Apalachi-
cola groups, indicating the abundance of plants
of this type in southeastern North America
during the Tertiary period. Few of these
remains represent entire leaves, and in many
places only fragments of rays are preserved.
Palm leaves are notoriously difficult of deter-
mination, and the bulk of remains represent-
ing flabellate fan palms with an acumen are

referred by American students to the genus |

Sabalites and by European students to Sabal.
Two methods of specific differentiation are
possible. Minor differences and stratigraphic
position may be ignored, as in the case of the
geographically and geologically wide-ranging
Sabal major Unger of Eurasia, or minor differ-
ences that also represent differences in geologic
age may have considerable weight in specific
differentiation. The latter is the method that
I have found most useful from both -the bio-
logic and the geologic viewpoint.

The extreme troplca,l climate of Vlcksburg
and Catahoula time, which is reflected in the
abundant traces of palms found in deposits of
Vicksburg or Catahoula age from Texas east-
ward, continued through the time of deposition
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of the Chipola marl member of the Alum Bluff
formation. Fortunately conditions were fav-
orable for petrification, and fragments of petri-
fied palm trunks, many of them of large size,
are abundant throughout the area underlain
by the Vicksburg or Catahoula deposits.
Seven species of Palmoxylon have been de-
scribed from these deposits. So far as I am
aware no petrified palms have thus far been
obtained from the Alum Bluff sands, but palm
foliage is very abundant in the leaf-bearing
lens at Alum Bluff. . T have never seen so great
an abundance of stipes and rays of palms as
occur at this outcrop. In places whole layers
consist of a mass of frayed and tangled rays in
a matrix of sandy alluvium. They are usually
much macerated, and only here and there can
larger fragments of leaves be found. They are
almost equally abundant in the similar mate-
rials cropping out near Raglan, Miss. This
suggests the presence near the coast in late
Alum Bluff time of extensive palmetto swamps
or brakes along the lower reaches of a sluggish
river or estuary only a few feet above mean
water level—not flooded or true swamps, but
subject to periodic overflow.

Occurrence: Hattiesburg clay, Raglan, For-
rest County, Miss. (common; collected by E.
W. Berry); and near Chicoria, on Chickasaw-
hay River, Wayne County, Miss. (collected by
E. W. Berry). Alum Bluff formation, Alum
Bluff, Liberty County, Fla. (collected by E. W.
Berry), and Boynton Bluff, Choctawhatchee
River; Fla. (collected by E. H. Sellards).

Collections: United States National Museum.
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Subclass DICOTYLEDONZ.
Order FAGALES.
Family ULMACEE.
Genus ULMUS Linné.
Ulmus floridana Berry, n. sﬁ.

Plate IX, figures 5-7.

Leaves of medium or small size, ovate-lan-
ceolate in general outline, with slightly ine-
quilateral cuneate rounded or subcordate
base, and a gradually narrowed, somewhat ex-
tended acuminate tip. Length from 4 to 7
centimeters. Maximum width, in the basal
half of the leaf, from 1.5 to 3 centimeters.
Margins entire at the extreme base, above
which they are finely and sharply doubly ser-
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rate, the teeth increasing slightly in size distad.
Petiole short and stout, about 2.5 millimeters

in length. Midrib of medium size, relatively-

thin and flexuous. Secondaries thin, 10 to
12, subopposite to alternate, in rather irregu-
larly spaced pairs; they diverge from the
midrib at angles varying from about 75° near
the base to 30° near the tip, averaging about
50°; they pursue a rather straight craspedo-
drome course and near their tips give off one
" or two outwardly directed tertiaries, which
run to the teeth or to the sinuses.

This well-marked species of Ulmus appears
to have been common during Alum Bluft
time and constitutes the one strictly temperate
element in the Alum Bluff flora. Among ex-
isting species it is most similar to Ulmus alate
Michaux, which ranges from western Florida
northward to Virginia and from Texas to
Illinois. Like U. alata, the fossil species was
probably an inhabitant of rich alluvial swamp
and stream borders, for it seems probable that
the fossiliferous lens in the Alum Bluff sands
is the result of stream action. Among-fossil
species, of which many have been described,
it bears more or less resemblance to a number
of widely scattered forms, especially because
the limits of variation of the foliage among
different species of Ulmus are not wide. The
most similar fossil form is Ulmus longifolia, de-
scribed by Unger ! and subsequently recorded
from the Aquitanian of Bohemia, Germany,

Styria, and France, which is extremely close.

to the American species. :

The genus Ulmus may be distinguished from
the allied genus Carpinus by the usually more
inequilateral leaves and by the tertiaries to
the marginal sinuses.

Occurrence: Hattiesburg clay, Raglan, For-
rest County, Miss. (collected by E. W. Berry).
Alum Bluff formation, Alum Bluff, Liberty
County, Fla. (collected by E. W. Berry).

Collection: United States National Museum.

Order URTICALES.
Family MORACEZE.
Genus ARTOCARPUS Forster.
Artocarpus lessigiana floridana Berry, n. var.
Plate X, figures 5-7.
Leaves of large size, rather smaller than the

type, but very poorly preserved in the cur-
rent-bedded sands. At least 25 centimeters in

1Unger, Franz, Chloris protoges, p. 101, pl. 26, fig. 5, 1847.

outline than the type.
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length and about 13 centimeters in maximum
width, thus more narrowly oblong in general
Pinnately 8 to 10
lobed; the lobes short, relatively broad and
conical, acutely pointed and directed obliquely
outward, separated by very narrow sinuses.
Midrib stout. Iateral primaries stout, diverg-
ing from the midrib at angles of about 45°,
one to each lobe, terminating in its tip.
Secondaries alternating with the primaries,
one to each sinus, the latter with the charac-
teristic marginal hem. Tertiaries mostly ob-
solete. Areolation quadrangular where seen.
Texture coriaceous. There was evidently con-
siderable variation in outline, for the basal
portion of the leaf shown in figure 6 has a
cuneate base and must have had strongly
ascending lobes.

This form is based on very fragmentary
specimens from the Alum Bluff sands. It
may be distinguished from Aréocarpus lessigiana
by its relatively narrower form and its finer
venation. The latter comes from the Wilcox
group, a much earlier horizon, and has not
been found in the intervening interval, repre-
sented by the Claiborne, Jackson, Vicksburg,
and Catahoula deposits. I have a feeling that
the Alum Bluff material represents a ‘new
species, but I hesitate to set up a species on
such fragmentary material, which is, however,
the best obtainable by the most careful col-
lecting.

Remains of Artocarpus have been found in
Europe, Greenland, and the United States.
In this country we have the Laramie-Denver
type, which is considered the parent stock of
the present variety. This type and two
other species are represented in the late Wil-
cox of Louisiana and Arkansas by excellent
material. There is a Fort Union species and
another Eocene form on the Pacific coast.
In Europe several species range from the

Upper Cretaceous to the Pliocene.

There are about 40 existing species of Arto-
carpus, all endemic in the southeastern Asiatic

{ region, ranging from Ceylon throughout Malay-

sia to China and represented by cultivated
forms in all tropical countries. They appar-
ently did not become extinct in North America
until the interval between the deposition of the
Alum Bluff formation and the migration of the
Chesapeake Miocene fauna into the Florida
region, a migration indicating a lowering of
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temperatures entirely sufficient to explain the
extinction of Artocarpus on the mainland, but
not offering a satisfactory explanation of its
failure to survive in more southern latitudes.

Occurrence: Alum Bluff formation, Alum
Bluft, Liberty County, Fla. (collected by E. W.
Berry).

Collection: United States National Museum.

Order CHENOPODIALES.
Family NYCTAGINACEZAE.
Genus PISONIA Linné.
Pisonia apalachicolensis Berry, n. sp.
Plate X, figure 1.

Leaves of relatively large size for this genus,
obovate in general outline, with a broad apex,
which is evenly rounded or bluntly pointed, and
a gradually narrowed, sharply cuneate base.
Length about 5.75 centimeters; maximum

- width, above the middle, about 2.4 centimeters.
Margins entire. Texture coriaceous. Petiole
short and stout, about 6 millimeters in length.
Midrib stout but immersed in the thick leaf
substance, curved. Secondaries entirely im-
mersed and obsolete.

The modern species of Pisonia are numerous;
they occur chiefly in the Tropics in both hemi-
spheres and are largely coastal types. They are
abundantly developed in Central America and
tropical South America, and several species
occur in the West Indies and Antilles. About
15 fossil species have been described, the ear-
liest recorded being from the Upper Cretaceous
of both:  America and Europe. The lower
Eocene of southeastern North America has fur-
nished two well-marked species, there is a spe-
cies said to be represented by both leaves and
fruit in the basal Eocene of the Rocky Moun-
tain arvea, a fourth species occurs in the Clai-
borng group, and a fifth has been found in the
Jackson. Perhaps the most similar fossil form,
based on both leaves and fruits, is Pisonia
eocenica Ettingshausen,! from the lignites of
Haering, in Tyrol, which is upper Eocene or
lower Oligocene in age, occurring also as early
as the Lutetian of England.

Among existing species several are close to
the present form. Pisonia longifolia Sargent,
of the beaches and shores of lagoons from the

t Ettingshausen, Constantin, Die tertiiire Flora von Hiring in Tirol,
p. 43, pl. 11, figs. 1-22, 1853.
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Florida keys through the West Indies to Brazil,
is very similar to Pisonia apalachicolensis,
though only about two-thirds as large.
Occurrence: Alum Bluff formation, Alum
Bluff, Liberty County, Fla. (collected by E. W.
Berry). :
Collection: United States National Museum.

BY FLORA OF ALUM BLUFF FORMATION,

Order ROSALES.
Family Q'ESALPINIACEIE.
Genus CZESALPINIA Linné.
Ceasalpinia sellardsi Berry, n. sp. -

Plate IX, figures 1, 2.

Leaflets small, sessile, inequilateral, ellipti-
cal in outline, 7.5 millimeters in length and
4.2 millimeters in greatest width. Apex
broadly rounded. Base strongly inequilater-
ally truncated, one margin ascending and the
opposite margin subauriculate. Midrib slen-
der. Secondaries two or more, slender, ascend-
ing, camptodrome. Margins entire.

This species, which is obviously new, is
clearly the leaf of some shrub or tree of the
family Ceesalpiniace. Though only a few
specimens were observed, this can not be
considered as indicating scarcity, for the plant
material at Alum Bluff is all rather meager
and poorly preserved. It seems probable that
the present species was a member of the
strand flora, the strand being the habitat
preferred by a number of species of this genus
in the modern tropical American flora.

The fossil species may be compared with a
number of existing species, with which it
shows a very close agreement. Among pre-
viously described fossil species it is very close
to what has been identified by Schenk ? as
Czsalpinia townshendi Heer, from the Stampian
of Sieblos, originally described by Heer ? from
the Aquitanian and Tortonian of Switzerland
and Baden and identified by Geyler from the
Messinian of Sicily. '

There is a very notable display of Mimo-
sacee and Cesalpiniace® in the flora of the
Wilcox group, and these elements probably
continued to be prominent throughout the
remainder of the Eocene and the Oligocene,

2 Schenk, August, in Zittel, K. A., Handbuch der Palaeontologie, |
Abth. 2, Palaeophytologie, p. 700, fig. 369 (4), 1890.

¢ Heer, Oswald, Flora tertiaria Helvetie, vol. 3, nl. 137, figs. 26-37,
1859. )
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although the record is much less completely
preserved in the post-Wilcox sediments. The
present species is probably but one of many
related forms that inhabited southeastern
North America during the deposition of the
Alum Bluff formation. It is more inequilateral
than any of the known Tertiary species from
this general region, although it might perhaps
be considered a descendant of Casalpinites
pinsonensis Berry, a somewhat smaller, less
oblique, and more coriaceous form, from the
sands of middle Wilcox age in Madison County,
Tenn. It is named for Dr. E. H. Sellards, State
geologist of Florida, who visited this celebrated
locality with me and helped collect the fossil
plants. _

Occurrence: Alum Bluff formation, Alum
Bluff, Fla. (collected by E. W. Berry).

Collection: United States National Museum.

Order GERANIALES.
Family RUTACEZE.
Genus FAGARA Linné.
Fagara apalachicolensis Berry, n. sp.

Plate IX, figure 2.

Leaves compound. ~Leaflets sessile, of me-
dium size for this genus, elliptical in general
outline, with a broadly rounded apex and a
broadly pointed base. Length about 3 centi-
meters; maximum width, above the middle,
about 1.75 centimeters. Margins entire. Tex-
ture coriaceous. Midrib stout, somewhat
" flexuous. Secondaries four or five, suboppo-
site to alternate pairs, irregularly spaced,
diverging from the midrib at angles varying
from 35° to 50°, rather straight in their
courses, abruptly camptodrome close to the
margins. Tertiaries thin, more or less im-
mersed, forming small quadrangular or polyg-
onal meshes. ‘

The genus Fagara, which contains more than
150 living species of shrubs and trees, is
cosmopolitan in tropical and subtropical coun-
tries. A few forms more properly referable to
Xanthoxylum range for considerable distances
in the Temperate Zone, particularly in south-
eastern North America. Fossil forms based
on foliage are usually confused with the
closely allied genus Xanthoxylum Linné. Leaf-
lets referable to Fagara are not uncommon
throughout our southern Tertiary deposits,
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several different forms from the Eocene and
Oligocene having been described. The genus
appears to have been especially prominent in
the torrid flora of the Vicksburg group, and
the leaflets are very abundant in the clays of
that age. The present species is clearly unlike
any of these, being especially different in its
broad apex and narrowed base, and might
readily be confused with the small entire
leaves of some live oak. The scarcity of leaf
remains in the Alum Bluff formation renders
any remarks on the relative abundance of
their described flora without much significance.
Occurrence: Alum Bluff formation, Alum
Bluff, Liberty County, Fla. (collected by E. W.
Berry), and Boynton Bluff, Choctawhatchee
River, Fla. (collected by E. H. Sellards).
Collection: United States National Museum.

Order RHAMNALES.
Family RHAMNACEZ.
Genus RHAMNUS Linné.
Rhamnus apalachicolensis Berry, n. sp.

Plate IX, figure 8.

Leaves rather large for this genus, broadly
elliptical in general outline, with a broad and
evenly rounded apex and base. Length about
8 centimeters; maximum width, in the middle
part of the leaf, about 4.6 centimeters. Mar-
gins entire, evenly rounded. Texture subcoria-
ceous. Midrib stout. Secondaries stout, four
or five alternate pairs, diverging from the mid-
rib at angles of about 55° to 60°, curving up-
ward almost immediately in a broad, sweeping
curve, becoming subparallel with the lateral
margins, along which they arch camptodromely.
Tertiaries thin, closely. set, subparallel, mostly
percurrent at right angles to the midrib.

This large leaf 1s distinct from the numerous
fossil species of Rhamnus previously described,
although it resembles a number of them more
or less closely. The genus has about 60 exist-
ing species, widely distributed in nearly all tem-
perate and many tropical parts of the world and
found on all the continents except Australia.

The genus Rhamnus is fairly prominent in
Tertiary floras of southeastern North America,
the Rhamnacee being also represented by
forms of Zizyphus and Paliurus of tropical
type. Six species from the Wilcox group have
been described, but none are yet known from
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the Claiborne, Jackson, Vicksburg, or Cata-
houla.

Occurrence: Alum Bluff formation, Alum
Bluff, Liberty County, Fla. (coliected by E. W.
Berry).

Collection: United States National Museum.

Order TﬁYMELEALES.
Family LAURACEZ.
Genus NECTANDRA Roland.
Nectandra apalachicolensis Berry, n. sp.

Plate IX, figure 3.

Leaves oblong-ovate in general outline,
broadest near the middle and tapering to the
bluntly pointed apex and base. Length about
8 centimeters; maximum width, halfway be-
tween the apex and the base, about 2.5 centi-
meters. Margins entire, evenly curved. Tex-
ture coriaceous. Midrib stout. Secondaries
about 10 subopposite pairs, diverging from the
midrib at wide angles, about 60°, rather
straight in their courses two-thirds of the dis-
tance to the margins, where they curve abruptly
upward and form a succession of small camp-
todrome arches along the margins. Tertiaries
obsolete. :

The genus Nectandra has about 70 existing
species confined to tropical and subtropical
America, several of which are practically iden-
tical with this Alum Bluff species. There are
numerous fossil species, the genus being well
represented throughout the Eocene of south-
eastern North America, especially in the sedi-
ments of the Wilcox group, from which at least
five species are known. It isrepresented in the
Claiborne and Jackson but has not yet been
found in the Vicksburg or Catahoula. The
present species is not particularly close to any
of the described fossil forms.

Occurrence: Alum Bluff formation, Alum
Bluff, Liberty County, Fla. (collected by E. W.
Berry).

Collection: United States National Museum.

Genus CINNAMOMUM Blume.
Cinnamomum scheuchzeri Heer.
Plate X, figure 4.

Cinnamomum scheuchzert. Heer, Flora tertiaria Helvetiz,
vol. 2, p. 85, pl. 91, figs. 4-22; pl. 92; pl. 93, figs. 1, 5,
1856.

This species was described by Alexander Braun
from both calyx and leaves, obtained in the

Tortonian of Oeningen, Baden. Typical ma-
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terial is-common in the type area in both the
Aquitanian and the Burdigalian. Only the
original description of Heer, which is accom-
panied by ample figures, is cited above, for
sanguine students have fancied that they had
found this species at all horizons from the Up-
per Cretaceous to the Pliocene, and at a very
large number of localities throughout the
Northern Hemisphere. .Some of these identi-
fications are undoubtedly correct, and the
species certainly had a wide geographic and
geologic range. Other identifications are un-
questionably erroneous, but it is impossible to
sift the good from the bad without access to
the original material, and I have therefore not
attempted to give the synonymy or range.

The Alum Bluff material appears to be iden-
tical with a part of Heer’s material from the
type area, and it is also of the same age, so
that I have no hesitation in identifying it with
Heer’s species. It denotes an ovate-lanceolate
leaf, rather abruptly pointed at the extremi-
ties, the base being broader than the apex.
Length about 8 centimeters; maximum width,
in the middle part of the leaf, 2.7 centimeters.
Margins entire. Texture coriaceous. Midrib
stout. Lateral primaries one on each side, sub-
opposite, suprabasilar, camptodrome. Second-
aries thin, three or four camptodrome pairs in
upper half of the leaf.

Occurrence: Alum Bluff formation, Alum
Bluff, Liberty County, Fla. (collected by E. W.
Berry).

Collection: United States National Museum.

Order EBENALES.
Family SAPOTACEZE.
Genus BUMELIA Swarti.
Bumelia apalachicolensis Berry, n. sp.

Plate IX, figure 4.

Leaves oblong-obovate in general outline,
with an evenly rounded apex and a narrowed
cuneate base. Length about 4 centimeters;
maximum width, above the middle of the leaf, -
about 1.9 centimeters. Margins entire, rather
full. Texture coriaceous. Petiole short and
stout, about 2.5 millimeters in length. Midrib
stout, especially proximad, curved. Seconda-
ries thin, numerous, 10 to 12 subopposite to
alternate pairs, subparallel, at approximately
regular intervals; they diverge from the mid-
rib at angles of about 40° and are camptodrome
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in the marginal region. Tertiaries immersed
in the leaf substance.

In the modern flora the genus Bumelia em-
braces about 20 species of shrubs and mostly
small trees, confined to the Western Hemis-
phere, where they are distributed from the
southern United States through the West In-
dies, Mexico, and Central America to Brazil.
Some of the species range northward to Vir-
ginia and southern Illinois. ~ They inhabit for
the most part the strand, sandy soil near the
coast, river bottoms, and the borders of swamps.
Fossil species of Bumelia are numerous and the
genus was probably cosmopolitan during the
Tertiary—it was certainly common in the Eu-
ropean area. It has been continuously repre-
sented in southeastern North America since the
Upper Cretaceous. Four lower Eocene species
from this area have been described, -one of
which, Bumelia pseudotenax Berry, from the
Wilcox group of northern Mississippi, is not
unlike the Alum Bluff species but somewhat
smaller and relatively narrower. Other spe-
cies are present in the deposits of the Claiborne
and Vicksburg groups.

Compared with existing American species the
present form is closer to the temperate than to
the tropical species. It is intermediate between
Bumelia tenax Willdenow and B. lanuginose
Persoon and may stand in an ancestral rela-
tionship to these modern forms. The former
ranges along the coast from Cape Canaveral to
North Carolina and the latter from northern
Florida along the Gulf coast and up the Mis-
sissippi Valley to southern Illinois and is abun-
dant and of its largest size in the river bottoms
of eastern Texas.

Occurrence: Alum Bluff formation, Alum
Bluff, Liberty County, Fla. (collected by E. W.
Berry). ‘

Collection: United States National Museum.

Genus SAPOTACITES Ettingshausen.
Sapotacites spatulatus Berry, n. sp.

Plate X, figure 2.

Leaves of medium size, obovate or spatulate
in general outline, with a broadly rounded
apex, from which it narrows gradually with
nearly straight lateral margins to the sharply
cuneate base. Length about 7 centimeters;
maximum width in the upper part of the leaf,
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about 2.75 centimeters. Margins entire. Tex-
ture coriaceous. Petiolar portion missing.
Midrib stout but more or less immersed.
Secondaries obsolete by immersion. Ter-
tiaries shown in microscopic preparations to
form a very close meshed areolation.
Sapotacites is a form genus for generically
undifferentiated or undeterminable members
of the family Sapotace®, and numerous species
that range from the Upper Cretaceous through
the Tertiary have been described. It is pos-
sible to refer many of these ancient species,
such as the numerous forms in the flora of the
Wilcox group, to Bumelia, Mimusops, Side-
roxylon, Chrysophyllum, and other allied gen-
era. The present form is much like a number
of existing species of Mimusops as well as some
forms of Bumelia. The family is chiefly trop-
ical and subtropical. ‘
No fossil species are especially close to the
present one, although it shows considerable
resemblance to Chrysophyllum sagorianum Et-
tingshausen,! from the Aquitanian of Sagor, in
Carniola. : .
Occurrence: Alum Bluff formation, Alum
Bluff, Liberty County, Fla. (collected by E. W.
Berry). '
Collection: United States National Museum.

Family EBENACEZ.
Genus DIOSPYROS Linné.
Diospyros brachysepala Aléx. Braun.

Plate X, figure 3.

Diospyros brachysepala. Alex. Braun, Die Tertiir-Flora
von Oningen: Neues Jahrb., 1845, p. 170.

Diospyros brachysepala. Heer, Flora tertiaria Helvetize,
vol. 8, p. 11, pl. 102, figs. 1-14; pl. 153, fig. 39b, 1859.

Diospyros brachysepala. Friedrich, Beitrige zur Kennt-
niss der Tertiirflora der Sachsen, pp. 63, 119, 126, 253,
255, pl. 6, fig. 1, 1883. ‘

Diospyros brachysepala. Ward, Types of the Laramie
flora: U. S. Geol. Survey Bull. 37, p. 104, pl. 49, figs.
1, 2, 1887.

This early described species has been re-
corded from a large number of American and
Eurasian localities ranging in age from basal
Eocene to Pliocene. It is improbable that a
single species existed for so long a period, and
I have therefore reduced the synonymy of

1 Ettingshausen, Constantin, Die fossile Flora von Sagor in Krain,
pt. 2, p. 14, pl. 12, figs. 19-21, 1877.
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this species to a few representative citations.'
The species has been recorded by Lesquereux,
Ward, and others from the lower Eocene of
the Rocky Mountain area, as well as by
Heer from West Greenland. I am not cer-
tain that all these records are correct, for
Diospyros brachysepala is typically an Oligo-
cene-Miocene form. It is found in the type
area in both the Aquitanian and Burdigalian.

The Alum Bluff leaves, like most of the
material referred to this species, are relatively
small, about 5.5 centimeters in length and 2.8
centimeters in maximum width, midway be-
tween the apex and the base, which are about
equally pointed, the general outline being al-
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most eliptical. The midrib is stout and the
secondaries thin, numbering six or seven sub-
opposite to alternate camptodrome pairs. The
leaves here described are close to a number of
examples figured by Heer from the type local-
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 ity, but are relatively slightly broader than

some of the forms referred to this species by
different authors. In some respects they are
very similar to Diospyros lamarensis Knowl-
ton,? from Lamar (probably upper Miocene),
in Yellowstone Park. :

Occuwrrence: Alum Bluff formation, Alum
Bluff, Liberty County, Fla. (collected by E. W.
Berry). :

Collection: United States National Museum.

! A much more complete synonymy is given in my paper The lower
Eocene floras of southeastern North America: U. 8. Geol. Survey Prof.
Paper 91 (in press). :

3 Knowlton, F. H., U. 8. Geol. Survey Mon. 32, pt. 2, p. 751, pl. 95,
figs. 5, 6; pl. 96, fig. 4, 1899. :
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U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 98 PLATE VIl

A. PLANT-BEARING BEDS IN THE HATTIESBURG CLAY NEAR RAGLAN,
FORREST COUNTY, MISS.

B. PLANT-BEARING BEDS AT THE TYPE LOCALITY OF THE ALUM BLUFF FORMATION, ALUM
BLUFF, APALACHICOLA RIVER, LIBERTY COUNTY, FLA.
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FOSSIL PLANTS FROM THE ALUM BLUFF FORMATION AT ALUM BLUFF, FLA.



PLATE VIII.

Fioures 1-5. Sabalites apalachicolensis Berry, n. sp., from the Alum Bluff formation, Alum Bluff, Liberty County,
Fla., o .
Figures 2 and 5 show prolongation of the rachis as a midrib on the under side of the leaf.
Figure 3 shows fragment of a leaf infested with Pestalozzites saubalana Berry, n. sp.
Figure 4 shows the upper side of a leaf base and the termination of the rachis as a truncate ligule.
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PLATE IX

TFroure 1. Cmsalpinia sellardst Berry, n. sp.

Fieure la. The same, X 5.

Fieure 2. Fagara apalachicolensis Berry, n. sp.

Ficure 3. Nectandra apalachicolensis Berry, n. sp.

Freure 4. Bumelia apalachicolensis Berry, n. sp.

Ficures 5-7. Ubnus floridana Berry, n. sp.

Ficure 8. Rhamnus apalachicolensis Berry, n. sp.

Ficunre 9. Sabalites apalachicolensis Berry, n. sp. Portion of & very large leaf infested with Pestalozzites subalana
Berry, n. sp.
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FOSSIL PLANTS FROM THE ALUM BLUFF FORMATION AT ALUM BLUFF,
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FOSSIL PLANTS FROM THE ALUM BLUFF FORMATION AT ALUM BLUFF, FLA,




PLATE X.

Fraure 1. Pisonia apalachicolensis Berry, n. sp.

Fraure 2. Sapotacites spatulatus Berry, n. sp.

Frcure 3. Diospyros brachysepala Alexander Braun.
Froure 4. Cinnamomum scheuchzeri Heer.

Fiaures 5-7. Artocarpus lessigiana floridana Berry, n. var.
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THE PHYSICAL CONDITIONS INDICATED BY THE 'FLORA' OF THE
CALVERT FORMATION.

By Epwarp WiLBer BEeRry.

INTRODUCTION.

The object of the present paper is to give a
summary of the small flora preserved in the
Miocene diatomaceous beds of the Calvert for-
mation in the District of Columbia and Virginia,
and more especially to discuss its bearing on the
physical conditions of the Calvert epoch. Sub-
sequent to the middle Eocene the next abun-
dant marine fauna preserved along the middle
Atlantic coast is that of the Calvert formation
of the Chesapeake group. Although Miocene
faunas so low in the stratigraphic column are
known south of Virginia only in the vicinity of
Porters Landing, Savannah River, Ga., closely
related but younger Miocene faunas extend
southward at least as far as Florida, where the
containing formation rests unconformably on
beds in which occur the warmer-water faunas
of the Apalachicola group.

The change from the Apalachicola faunas to
those of the Miocene constitutes one of the most
striking faunal changes of the later Tertiary in
southeastern North America, and its emphasis
by Dall and others has led to what I believe to
be a misconception of the real climatic condi-
tions of Calvert time. Likewise from the fact
that the conspicuous deposits of diatomaceous
ooze in existing marine waters are in the polar
oceans it has been unscientifically assumed that
the diatomaceous beds so characteristic of the
Calvert formation must have been formed by
species which had a more or less comparable
environment. :

CHARACTER AND EXTENT OF THE CALVERT
FORMATION.

The Calvert formation, named by Shattuck *
in 1902 from the Calvert Cliffs, in Calvert
County, Md., consists of 200 to 400 feet of

1 Shattuck, G. B., The Mioceno formation of Maryland: Science, new
ser., vol. 15, p. 906, 1902.

diatomaceous earth, sandy clays, and marls.
Itis typically developed in Maryland, where the
basal member (Fairhaven) comprises about 65
feet of diatomaceous earth, locally argillaceous
and showing occasional influxes of sands. The
Calvert has been recognized in southern New
Jersey and Delaware. It is also well repre-
sented in Virginia but disappears in the south-
ern part of that State by the transgression of
the St. Marys formation, which completely
buries it in North Carolina, overlapping on the
crystalline rocks of the Piedmont Plateau in
some areas.

Fossil land plants have been found in the
Calvert at Richmond, Va., in the District of
Columbia along the Benning road near the
District line, and at Good Hope Hill. The
formation crops out on the Good Hope road at
a point near the top of the hill, where a few feet
of light-colored clay (Calvert) rests unconform-
ably on the fossiliferous beds of the Magothy
formation (Upper Cretaceous). The Calvert is
overlain by gravels of late Tertiary or early
Pleistocene age. This locality is one of the
most northwesterly points at which the Calvert
can be recognized with certainty, and it must
also have been near the landward margin of the
Calvert sea. No invertebrates are associated
with the plants at this outerop.

At the Richmond locality the Calvert con-
sists of very clayey diatomaceous earth 40 to 50
feet in thickness, which rests unconformably
upon remnants of the Eocene or upon the
underlying Lower Cretaceous or crystalline
rocks and is overlain by Pleistocene deposits.
That this locality also was near the shore line
of the Calvert sea, as it is near the landward
limit of the existing Calvert deposits, is indi-
cated not only by the more clayey nature of the
materials compared with similar diatomaceous
deposits elsewhere in the Calvert formation but
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by the contained plant fossils, as well as by
considerable comminuted lignite, that in places
forms layers 5 to 12 millimeters thick. The
Calvert contains marine invertebrates in the
immediate vicinity of this outcrop, and asso-
ciated with the plants are Nassa peraltoides
~ Martin and Discinisca lugubris (Conrad), the
latter a species which occurs in shallow water
free from sand.

FAUNA OF THE CALVERT FORMATION.

The fauna of the Calvert formation is exten-
sive, particularly in the marls that overlie the
diatomaceous beds. In addition to the re-
mains of marine vertebrates, which are in gen-
eral wide-ranging and of little significance in
ecology, there is a considerable molluscan
fauna. From the Calvert of Maryland 235
species of Mollusca have been described. About
100 species have been recorded from the Vir-
ginia extension of these beds, but this number
will be considerably increased when the studies
of Dr. J. A. Gardner are published. Twenty-
three of the Calvert species have been identified
in the Florida Miocene (Jacksonville and Choc-
tawhatchee formations), where 40 per cent of
the fauna is common to the Chesapeake group,
resembling more specifically the faunas of the
Miocene formations younger than the Calvert.
From an analyses of these Maryland faunas
Dall,! a few years ago, concluded that they in-
dicated shallow marine waters and temperatures
somewhat warmer than those of the present time
in the latitude of Maryland. Of the species that
persist in the existing fauna, the bulk are found
south of Cape Hatteras. I see no reason for
doubting Dall’s conclusions, which obviously
. preclude the ‘‘cold” or even the ‘‘cool temper-
ate’”’ conditions that have commonly been
considered as characteristic of the Chesapeake
group. '

The United States hydrographic charts give
. the mean temperature of the surface water of
the Atlantic in the latitude of Maryland from
December to May as 55°, and from June to No-
vember as 71.5°. The figures for Massachu-
setts Bay are 45° and 63.5°, respectively. The

1Dall, W. H., Maryland Geol. Survey, Miocene, pp. cxxix-clv, 1904.
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figures for the vicinity of Beaufort, N. C., which
is immediately south of Cape Hatteras and
which would appear to afford conditions cor-
responding to Dall’s qualitative estimate, are
.65+ ° for December to May and 76° for June to
November. If Dall’s estimate is reasonably
correct it would indicate that the mean annual
temperature of the water in which the Calvert
molluscan fauna lived was close to 70°. The
mean for the year at the surface off the Mary-
land coast is 63°, and at Beaufort it is 70°, and
although the bottom temperatures are slightly
less than the surface temperatures they are
more uniform and for shallow seas like the Cal-
vert would not be appreciably lower.

FLORA OF THE CALVERT FORMATION.
COMPOSITION AND ENVIRONMENT.

The most abundant plant remains in the Cal-
vert are the siliceous tests of diatoms. These
have been much studied by diatomists, who
have identified a very large number of species.
I am indebted to Dr. Albert Mann for the state-
ment that the Calvert diatom flora indicates
a comparatively shallow, strictly marine habi-
tat with relatively warm or subtropical tem-
perature.

The remains of land plants preserved in the
strictly marine beds of the Calvert are few both
in number of species and in number of individ-
uals. As a result of the present study I am
able to enumerate 26 species—16 from Virginia
and 17 from the District of Columbia, with 7
forms common to the two areas. The flora in-
cludes 1 pteridophyte (Salvinia), 2 conifers
(Taxodium and Pinus), and 23 dicotyledons.
Leguminous forms and oaks predominate, al-
though the cypress (Taxodium) is by far the
most common form at Richmond, where cone
scales and seeds as well as an abundance of the
deciduous twigs are preserved.

Although this flora is so small it fortunately -
comprises forms whose characters indicate very
clearly the physical conditions along the shore
of the Calvert sea. The accompanying table
indicates the most similar fossil and existing
species:



Comparison of Calvert flora with most similar fossil and existing forms.

Dis- Most similar fossil form. Most similar existing form.
trict of | Rich-

Calvert flora. Colum- | mond
' bia. Name. Horizon.e Name. Habitat and range.
Salvinia formosa Heer?..........[......_. X Salvinia formosa Heer. ... .| Tortonian of Baden...... Salvinia natans (Linné) Hoff- | Aquatic; widely distributed in
mann. Eurasia.
Pinussp.coceeoaaea ] X e Pinus teeda Linné............. Wet, coastal; Delaware to
) " Texas. .
Taxodium dubium (Sternberg) X X Taxodium dubium (Stern- | Eocene to Pliocene..... Taxodium distichum (Linné) | River swamps; Delaware to
Heer. . berg) Heer. L. C. Richard. east Texas.
. Tertiary of Greenland. ..
Salix reeana Heer..............|........ X Salix reana Heer.......... Mascall formationof Ore-|}. ... .. ... ...
) gon. :
Quercus calvertonensis Berry....| X b PRI DRI s Quercus alba Linné............ Canada to Florida and Texas.
Quercus lehmanni Hollick. . .. .. X e Quercus emoryi Torrey. - ..... Arid uplands; western Texas,
southern Arizona, and New
’ Mexico.
Quercus chapmanifolia Berry... . D G P Some of forms referred by | Miocene of Switzerland.| Quercus chapmani Sargent. ... Sandy, coastal- Georgia and
Heer to Quercus myrtil- Florida.
loides Unger. Tortonian of Europe. . . .
Carpinusgrandis Unger. ........|........ X Carpinus grandis Unger.. .. 3 Ia‘glc,g‘égn.formanon of Carpinus caroliniana Walter . . {Bo(‘jc;%r:g: ]gg %ﬁﬁgs" southern
Tertiary of Greenland. . .
Ulmus basicordata Hollick...... X X Ulmus minuta Goeppert...| Tortonian of Europe..... Ulmus alata Michaux......... Uplands and swamps; Virginia
to Texas.
Planera ungeri Ettingshausen....|........ X Planera ungeri Ettingshau-|{ Tortonian of Europe..... : . Swamps; ~ North Carolina to
sen. {Tertiary of Greenland. . . }Pla.nera. aquatica Gmelin......... { Florida and Texas.
Ficus richmondensis Berry......[........ X Ficus tilizefolia (Alex. | Tortonianof Europe.... .| ... ... .. .. .. ... ... ...,
’ ' Braun) Heer. o
Platanus aceroides Goeppert.....|........ X Bottom lands; New England

Platanus aceroides Goep- |[Tortonian of Baden...... : T

. pert. P {Tertiary of Greenland. . .|fF1atanus occidentalis Linné. . . { to Florida and Texas.

Phyllites cercocarpifolia Berry...| X |eoooeoo|oenomann i Cercocarpus breviflorus Gray...| Dry ridges; western Texas,
: - southern Arizona, New Mex- -

ico, and Mexico.

——

Caesalpinia ovalifolia Hollick....| X |........ Ceesalpinia  townshendi | Tortonian of Baden...... Ceaesalpinia species............. American Tropics and sub-
Heer. : tropics.

Cassia toraformis Berry......... X eaeennn Cassia lignitum Unger. . . .| Tortonian of Europe.....| Cassia tora Linné............. Sandy; Virginia to Florida and
. tropical America.
Podogonium obtusifolium

Podogonium virginianum Berry.| X X L T osites deperditus Tortonian of Baden......|....... ... ... ... ...
eer. : .
Dalbergia calvertensis Berry..... X X Ceaesalpinia micromera Heer|. .. .. O .
Leguminosites calvertensis Berry|........ X Pods referred by Heer to |..... do................. Leuczna greggi Watson........| Ravines and banks; western
' Acacia. ' Texas and Mexico.

a Many of these forms are wide-ranging and have been identified from various horizons. Only the most similar materials are cited.
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Comparison of Calvert flora with most similar fossil and existing forms—Continued.

Dis- Most similar fossil form. Most similar existing form.
Calvert flora. Er(lﬂc‘l;;f_ gé(;lg
bia. Name. Horizon.c Name. Habitat and range.
Rhus milleri Hollick. ...... e X X Rhus pyrrhe Unger. . .... Tortonian of Baden.....|........ ... .. ... ...
Celastrus bruckmanni Alex. |........ X Celastrus bruckmanni {Torbonian of Europe.....
Braun. Alex. Braun. Tertiary of Greenland. . _[f- """ """ --rrmrrrmomrmmoreee
Tlex calvertensis Berry......... G Ilex vomitoria Aiton. ........| Coastal; south Atlantic and
Gulf States.
Berchemia prisca Saporta. . o . .
Berchemia priscaformis Berry...| X |........ Berchemia  multinervis }%gﬁ;ﬁ’;ﬁﬂ?fgfjﬁﬁce .- }Belfg;gm‘a scandens (Hill) Tre- }Low woods; Virginia to Texas.
- (Alex. Braun) Heer. DA :
Nyssa gracilis Berry...........]........ X Nyssa arctica Heer. . ... .| Tertiary of Greenland...| Nyssa biflora Walter...........| Swamps and pond borders;
: : Maryland to Louisiana near
coast.
Vaccinium cof. V. textum Heer...| X |........ Vaccinium textum Heer...| Tortonian of Baden......|.. ... .. .. ... . ... ... ....
Pieris scrobiculata Hollick.......| X feeeiiiiifemminoii i e Pieﬁis nitida (Bartram) Ben- | Wet woods; Virginia to Cuba. .
‘ tham.,
Fraxinusamericana Linné... ..
Fraxinusrichmondensis Berry.._|........ DG PR S U Fraxiﬁus pennsylvanica Mar- {;Canada to Texas.
. shall.
Phyllites sp. Hollick. .......... G T ) S R

@ Many of these forms are wide-ranging and have been identified from various horizons. Only the most similar materials are cited.
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PHYSICAL CONDITIONS INDICATED BY THE FLORA OF THE CALVERT FORMATION.

Among the recent species with which the
Calvert forms are compared three range as
far north as southern Canada and one other
ranges into New England. On the other
hand all the forms, including the four just
mcntloncd range southward to Florida or
Texas and five of these extend into the Ameri-

can hopics It is obvious that these wide-

ranging forms are of slight value in an en-
dcavm to estimate the climatic conditions
along the coast in Calvert time. More sig-
mﬁcfmce attaches to the northern limits of
the other existing forms with which those of
the Calvert are compared. Three of these
have their northern limits in southern Ari-
zona and New Mexico, two in Georgia, two
in North Carolina, four in Virginia, one in
Mar, yland and two in Delaware. Some of the
comparisons with recent forms are closer or
more significant than others. Among these
may be cited those with Taxodium distichum,
Quercus chapmani, Planera aquatica, Berchemia
scandens, and Pieris nitida. Of these, the bald
cypress (Tazodium distichum) reaches its north-
ern limit in southérn Delaware; Quercus chap-
mani is confined to the coast of Georgia and
the Gulf of Mexico; Planera reaches northward
to the Coastal Plain of North Carolina; and
Berchemia and Pieris extend to the Coastal
Plain of Virginia. It is obvious that if these
comparisons are legitimate the Calvert flora
would find its most favorable conditions for
existence along the present south Atlantlc
and Gulf coasts.

Another method of approach is furnished by
comparing the Calvert flora with the contem-
porancous floras of Turope. Of the 26 Cal-
vert species, 7 are identical with and 10 are
extremely close to forms of the Tortonian of
Europe. The Tortonian has a very extensive
flora, and as a result of the elaborate analysis
by Heer it was considered to indicate a mean
annual temperature of 65°.

Regarding the specific environment of the
different Calvert species, I consider the follow-
ing as denizens of river or estuary swamps:
Salvinia formosa.
Taxodium dubium.
Nyssa gracilis.

The following may be considered as dwellers
on river bars or behind coastal sand dunes:

Salix reeana.
Ulmus basicordata.
Cassia toraformis.
Pieris scrobiculata.

Fraxinus richmondensis.
Pinus sp.

| Platanus aceroides.
Berchemia priscaformis.
Carpinus grandis.
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Those which probably flourished in low bot-
toms, on the lower flood plains of streams, are
Carpinus grandis.
Planera ungeri.

Platanus aceroides.
Berchemia priscaformis.

Podogonium virginianum.

Leguminosites calvertensis.
- | Ficus richmondensis.

Pieris scrobiculata.

Most of these could readily live also in river
or estuary swamps.

The species which may legitimately be con-
sidered to have been inhabitants of the strand
or of coastal dunes are
Dalbergia calvertensis.
Rhus milleri.

Tlex calvertensis.
Vaccinium cf. V. textum.

Celastrus bruckmanni.
Pinus sp.

Quercus calvertonensis.
Quercus lehmanni.
Quercus chapmanifolia.
Phyllites cercocarpifolia.
Ceesalpinia ovalifolia.
Cassia toraformis.

All but Salvinia and Cassia were probably
arborescent, and Cassie may have been. All
the dicotyledons except Fraxinus, Carpinus,
Platanus, Ficus, and Quercus calvertonensis
show marked reduction of the leaf lamine,
clearly indicating a sandy habitat or a swamp
habitat, the latter being physiologically dry
and in its effects much like the former.

The leaves of the oaks, Berchemia, Podogo-
nium, Phyllites cercocarpifolia, Dalbergia, Rhus,
Ilex, Vaccinium, and Celastrus are coriaceous
or subcoriaceous, and those of the Pieris are
tomentose, both features tending to prevent
transpiration and indicating a physiologically
dry habitat as well as exposure to abundant
sunshine.

In comparing the two localities, that at
Richmond clearly indicates a low coast which
was lined with cypress swamps and in which
the very inconsiderable run-off carried only
the finest muds. That in the District of Co-
lumbia, in its small-leafed oaks, Ilex, Vacci-
nium, Pieris, and abundance of Leguminose,
as clearly indicates a region of dunes compara-
ble with the present Santa Rosa Peninsula, be-
tween Pensacola Bay and the Gulf of Mexico.

Physical conditions may - produce decided
differences in the flora of the continental mar-
gin and the marine life of the sea which washes
it, as for example in the English Pliocene, where
the only avenue of immigration for terrestrial
plants and fresh-water mullusks was from the
south, while the only avenue of immigration
for the marine fauna lay in the cool currents
that entered the North Sea from the north.
However, the Calvert fossils do not represent a
northward extension of the south Atlantic and
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Gulf flora along the Coastal Plain and a south-
ward migration of a marine shallow-water fauna
in the opposite direction along the coast, but
“both floral and faunal evidence are in accord.

In this connection it is of interest to call
attention to the fact that five of the Calvert
plants occur in the late Eocene or Oligocene
of western Greenland, in latitude 70° N. This
Arctic flora I beheve to be contemporaneous

with those more southern floras of the late |

Eocene (Jackson) or early Oligocene (Catahoula
and Vicksburg) which are most tropical in their
facies. It seems also to be established that
with the gradual lowering of temperatures
during later Tertiary time this circumpolar
flora spread southward over North America
and Eurasia.
PROBABLE AGE.

Seven of the Calvert plants, or 26.9 per cent,
are common to the Tortonian of Europe, and
ten others, or 38 per cent, are represented in
the Tortonian by very similar forms. In view
of the fact that these floras spread into both
regions from a-common and equally accessible
source, as I have just stated, the evidence that
the Calvert flora indicates a Tortonian age is as

conclusive as intercontinental correlations can-

ever be. Compared with other American floras
of Miocene age, that of the Calvert has little in
common with the described Miocene floras from
Colorado, Ida,ho, Oregon, or California, which
are all lake or river valley ﬂoras of moist up-
land forest types.

CONCLUSIONS.

The Calvert flora was a coastal flora of strik-
ingly warm-temperate affinities, comparable
with the existing coastal floras of South Caro-
lina and Georgia along the south Atlantic coast
or with those along the coast of the Gulf of
Mexico from western Florida to eastern Texas.
The general climatic features it indicates are
in ‘Lccord with those which may be legltlmately
deduced from - the evidence of the marine
faunas. The climate of the Chesapeake Miocene
epoch, cooler undoubtedly than that of the
Apalachicola or preceding epochs was neither
cold nor cool temperate.

The age indicated by. the Calvert flora is
‘middle Miocene,” or in terms of European
geology Tortonian.

TO GENERAL GEOLOGY, 1916.

NEW SPECIES OF PLANTS.
Class GYMNOSPERMZE.

Order CONIFERALES.
" Family PINACEE.
Genus PINUS Linné.
Pinus sp.

Plate XII, figure 1.

A somewhat macerated seed of Pinus of the
Pinus teda type occurs at Good Hope Hill.
The material is insufficient for characterization.

Pinus tede Linné ranges from Delaware
southward along the coast to Texas and extends
up the Mississippi Valley to Tennessee and
Arkansas.

Class ANGIOSPERME.

Order FAGALES.
Family FAGACEZE.
Genus QUERCUS Linné.
Quercus chapmanifolia Berry, n. sp.
Plate XTI, figures 1, 2,

Leaves small, oblong-obovate in general out~
line, with a rounded apex and a wide or nar-
‘rowly cuneate, ultimately slightly rounded
base. Length from 27 to 45 millimeters; maxi-
mum width, at or above the middle, from 14
to 30 millimeters. Margins entire, slightly
undulate. The lateral margins ascend to or
above the middle, where they curve to form
irregular and unequally developed rounded
lobes subtending usually shallow and open
rounded sinuses. A second short and broadly
rounded lobe may be developed, usually on
only one side, in the apical region. Petiole
short and stout enlarged proximad, 2 to 3 milli-
meters in length. Midrib stout, usually ¢urved
or flexuous, prominent on the lower surface of
the leaf. Secondaries of varying caliber de-
pendent on the extent to which lobes are de-
veloped; in the prominently lobed specimen
shown in figure 2 a subopposite pair are stout
and prominent on the lower surface of the leaf,
where the lobation is feeble, as in figure 4. The
secondaries are thin. There are as many cras-
pedodrome secondaries as there are lobes—two
or three to a leaf; the rest of the secondaries
are camptodrome; all are somewhat irregularly

spaced and rather straight in their courses,
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their angles of divergence depending on the rel-
ative width of the leaves. Texture coriaceous.

This significant new species is rather clearly
marked off among previously described fossil
forms. Among existing forms its size and
general outline as well as its limits of variation
are almost exactly those of Quercus chapmani
Sargent. This may be readily seen without
extended discussion by the ink prints of the
leaves of the latter species introduced for com-
parison and shown in figures 3 to 8 of Plate XI.

This similarity is, I believe, an indication of
relationship, and in its light the habitat of the
existing species becomes of special interest.
Quercus chapmani is a small tree, or more com-
monly a shrub, inhabiting sandy barrens near
the coast, of rare occurrence from South Caro-
lina to Florida along the Atlantic coast, reach-
ing its maximum of abundance and develop-
ment along the Gulf coast of western Florida

from the shores of Tampa Bay to Pensacola. .

The leaves figured come from the Santa Rosa
Peninsula, where it is typically developed and
where the environment is comparable with that
of Miocene time along the shores of the shallow
Calvert sea.

Occurrence: Good Hope road, Anacostia
Heights, D. C.

Quercus lehmanni Hollick.

Plate XT, figures 9-11.

Quercus lehmanni. Hollick, Miocene, p. 483, figs. 1a, 1b,
Maryland Geol. Survey, 1904.

This species was briefly described by Hol-
lick in 1904. Recent material collected from
the type locality enables me to give the follow-
ing somewhat fuller characterization:

Leaves small and narrow, oblong in general
outline. Length from 21 to 38 millimeters;
maximum width, across the median marginal
lobes, from 14 to 17 millimeters. Apex
conically pointed.
generally somewhat inequilateral. Margins
with one to three irregularly spaced reduced
lobes on each side; these lobes are more or
less developed, short, and conical and are little
more than coarse teeth; they subtend usually
open sinuses, although in some specimens the
lobes are directed upward instead of outward
and the sinuses are correspondingly narrow.
Petiole short and stout. - Midrib stout, straight,

Base broadly rounded,
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or curved, prominent on the lower surface
of the leaf. Secondaries thin, two to four
pairs; they diverge from the midrib at angles
of about 45° and ascend in straight or some-
what flexuous courses; a craspedodrome sec-
ondary runs to the tip of each lobe, and a basal
one on each side arches along the lower lateral
margin. Tertiaries obsolete. Texture coria-
ceous. The lobes are irregularly spaced; if
there is but one on one side there are usually
two on the other, and if there are two on one
side there are usually three on the other; they
may all be above the middle of the leaf, as in
figure 9, but often there is a small oblique one
lower down, as in figures 10 and 11. Midway
between the apex and the base, where the leaf
is consequently widest, they are subopposite,
as are the corresponding secondaries.

These characteristic leaves are not uncom-
mon, but like most of the plant material in
the Calvert formation they are usually much
broken. Their size, form, and texture are
indicative of barren soil, bright sunshine, and
sparse rainfall. Compared with existing spe-
cies they are found to resemble the toothed
leaves sometimes developed on Quercus vir-
ginianae Miller, a coastal species of southeastern
North America, which is also abundant in the
Pleistocene and which in the form of Quercus
previrginiane Berry is exceedingly abundant
in the Pliocene of the Gulf coast. Most of the
leaves of Quercus wirginiana are oblong,
elliptical, or obovate with merely undulate
margins, and the significance of the occasional
toothed leaves is unknown. A modern species
with which Quercus lehmanni may be more
legitimately compared is Quercus emorys Torrey.
The latter has the small narrow leaves with
rounded bases and irregular teeth. They
différ somewhat from the fossil leaves in their
proportions, having generally a broader base,
but many leaves can be selected that exactly
match the fossil. Quercus emoryi is a stout
tree of the uplands of western Texas and
southern New Mexico and Arizona, and
although it is not necessarily directly affiliated
with this Miocene form of the Atlantic coast,
it is not improbable that the two forms have
a common ancestor which once flourished in
an intermediate area.

Occurrence: Good Hope road; Anacostia
Heights, D. C.
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' Order URTICALES.
Family OLMACEZ.
Genus ULMUS Linné.
Ulmus basicordata Hollick.
Plate X11I, figure 2.

Ulmus basicordata. Hollick, Miocene, p. 484, fig. 1f,
Maryland Geol. Survey, 1904. ‘

This characteristically small Ulmus was com-
pared by Hollick with the cosmopolitan Planera
ungeri Ettingshausen, especially with the type
material ! from the late Miocene of Austria.
This protean and probably composite species
has a recorded range from the Eocene to the
Pleistocene and a geographic distribution from
Japan and Manchuria throughout Europe to
North America, Iceland, and Greenland. It
has been recorded by me from the Calvert
formation at Richmond, Va., and that material
is certainly quite distinct from Ulmus basicor-
data, whatever may be thought of some of the
‘European records of Planera ungeri.

In my judgment Ulmus basicordata finds its

closest European relative in Ulmus minuta
Goeppert.? This little species has been re-
corded from a large number of European
localities, ranging in age from the middle Mio-
cene to the Pliocene. The American Ulmus
basicordata may be compared more particularly
with the material of Ulmus minute, from the
Tortonian of Baden, on the Swiss border, de-
scribed by Heer.?

Occurrence: Richmond, Va., and Good Hope
Hill, D. C.

Order ROSALES.

Family ROSACEZXE.
Genus PHYLLITES of authors.
Phyllites cercocarpifolia Berry, n. sp.
Plate XII, figures 3, 4.

Leaves small, obovate, with a broadly

rounded tip and a cuneate base. Length about
6 millimeters; maximum width, slightly above
the middle, about 3.5 millimeters. Margins en-
tire, possibly slightly revolute. Texture dis-
tinctly coriaceous. Petiole short and stout,

t Ettingshausen, Constantin, Fossile Flora von Wien, p. 14, pl. 2,
figs. 5-18, 1851.

3 Goeppert, H. R., Tertiire Flora von Schossnitz in Schlesien, p. 31,
pl. 14, figs. 12-14, 1855.

38 Heer, Oswald, Flora tertiaria Helvetize, vol 2, p. 59, pl. 79, figs. 9-13,
1856; vol. 3, p. 181, pl. 151, fig. 30, 1859.
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less than 1 millimeter in length. Midrib rela-
tively stout and prominent. Secondaries thin
but prominent, numerous, equally spaced and
subparallel; about seven or eight subopposite
pairs diverge from the midrib at acute angles
and pursue a nearly straight ascending course
to the margins, where they are abruptly camp-
todrome. Tertiaries obsolete.

This tiny leaf suggests a relationship with
the genus Cercocarpus, of the Rosacee, and
the resemblance is so great that I feel justified
in referring the fossil to that family. Cerco-
carpus is a small genus of about five species
of trees and shrubs confined to the dry interior
and mountainous regions of the United States
and Mexico. The fossil greatly resembles the
entire leaves of Cercocarpus breviflorus Gray, a
small tree of the pine and oak forests of the
dry elevated ridges of southern Arizona, New
Mexico, western Texas, and northern Mexico.
Although I do not feel justified in referring the
fossil to Cercocarpus without more conclusive
evidence I believe that the resemblance noted
indicates such a relationship.

Occurrence: Benning road, D. C., near
District line. '

Family CEASALPINIACEZE.
Genus CASSIA Linné,

Cassia toraformis Berry, n. sp.
Plate X1II, figures 6, 7.

Leaflets small, sessile, inequilateral. Apex
broad, inequilateral, slightly emarginate. Base
broad, slightly pointed, inequilateral. Margins
entire. Leaf substance thin. Length about
15 millimeters; maximum width, slightly below
the middle, 7.5 millimeters. Midrib of medium
size, nearly straight. Secondaries thin, about
seven pairs, diverging from tbe midrib at acute
angles, those in one-half of the lamina more
acute, sweeping upward in ascending sub-
parallel curves, parallel with the lower lateral
margins, camptodrome. Tertiaries thin, of
the Cassia type. -

This species appears to be a new species of
Cassia, although it may represent an allied
genus of the Cesalpiniacee. Among the
hundreds of existing species there are a number
very similar to the fossil, which I have named
from its resemblance to the existing Cassia |
tora .Linné, an annual of sandy soils ranging
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from Virginia southward to Florida, Cuba. and
tropical America.

The fossil species are numerous and range
from the Upper Cretaceous to the present.
Among previously described fossil forms Cassia
toraformis is identical with some of the leaves
from the Tortonian of Oeningen, Baden, which
Heer * refers to Cassia lignitum Unger. It is
also very similar to C’aesalp?,ma escheri Heer,?
from Oeningen.

Occurlcnce Good Hope Hill, D. C.

Order SAPINDALES.
Family ILICACEZ.
Genus ILEX Linné.

Ilex calvertensis Berry, n. sp.

Plate XTI, figure 8.

Leaves small, ovate in general outline, with
a bluntly pointed apex and base, the latter
slightly inequilateral. Length about 16.5 mil-
limeters; maximum width, midway between
the apex and base, about 7 millimeters. Mar-
gins entire for most of their length, apically
with slight and remote denticulations. Texture
subcoriaceous.  Petiole - short and stout,
about 1.75 millimeters in length. Midrib stout
and prominent proximad, attenuated distad,
curved. Secondaries thin; five subopposite
pairs diverge from the midrib at wide angles
and are conspicuously camptodrome in the
marginal region. Tertiary venation obsolete.

Ilex is a large genus with over 100 described
fossil species and over 200 existing species. It
ranges from the Upper Cretaceous to the pres-
ent, and existing forms are found in all tropical
and temperate regions except western North
America, Australia, New Zealand, and New
Guinea. The largest number occur in Brazil
and Guiana.

Ilex calvertensis may be compared with the
. existing Ilex vomitoria Aiton, a small tree of the

coastal region of the South Atlantic and Gulf
States. It also resembles Ilex womitoriafolia
Berry, a coastal form of the lower Eocene
(Wilcox group) of the Mississippi embayment,
with which it may be affiliated.

Occurrence: Good Hope Hill, D. C.

t Feer, Oswald, Flora tertiaria Helvetice, vol. 3, p. 121, pl. 138, figs.
23-28, 1859.
2 Idem, p. 111, pl. 155, fig. 21.
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Order RHAMNALES.
Family RHAMNACEZE.
Genus BERCHEMIA Necker.
Berchemia priscaformis Berry, n. sp.
Plate XII, figures 11, 12.

Leaves small, lanceolate, with equally acumi-
nate apex and base. Length about 13 milli-
meters; maximum width between apex and the
base, about 5.5 ‘millimeters. Margins entire,
slight,ly undulate corresponding with the camp-
todrome endings of the secondaries. Texture
subcoriaceous. Petiole relatively long and
slender, about 2 millimeters in length. Midrib
relatively stout, somewhat curved, prominent
on the lower surface of the leaf. Secondaries
thin but prominent, numerous; seven or eight
pairs diverge from midrib at regular intervals
and acute angles, curving slightly and sub-
parallel, camptodrome close to the margins.
Tertiaries mostly obsolete, a few percurrent
ones seen. '

This characteristic little species is scarcely
distinguishable from the smaller and more
lanceolate leaves of Berchemia scandens (Hill)
Trelease, a high-climbing shrub frequenting
low woods from Virginia to Florida and from
Missouri to Texas. The genus contains about
10 existing species, the others being natives of
Asia and tropical Africa. About half a dozen
fossil species have been described. These
include a rare form in the Aquitanian of France,
another in the Burdigalian of Bohemia, species
in the Pliocene of France and Holland, and the
widespread Berchemia multinervis (Alex. Braun)
Heer. B. multinervis has a recorded range
from the Tongrian to the Astian throughout
central and southern Europe. Ithas beeniden-
tified in the lower Eocene (Raton, Denver, and
Fort Union formations) of the Rocky Moun-
tain province and in the Miocene of Oregon.

The American material referred to B. multi-
nervis is larger and wider than the Calvert
species and has a more pronounced tertiary
venation. Some of the smaller leaves of B.
multinervis from European localities are much
like B. priscaformis, as for example a leaf fig-
ured by Heer ® from the Tortonian of Oeningen,
Baden, which is but slightly larger or wider.

8 Idem, pl. 123, fig. 17.
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The Calvert species is named from its resem-
blance to Berchemia prisca Saporta,! from the
Aquitanian of Peyriac, France, a very similar
but slightly more oblong leaf.

Occurrence: Good Hope Hill, D. C.

Order ERICALES.
Family VACCINIACEZ.
Genus VACCINIUM Linné.
Vaccinium cf. V. textum Heer.
Plate XTI, figures 14, 15.

Several specimens of a small oval sub-
coriaceous leaf are indistinguishable from
Vaccinium textum Heer,? from the Tortonian
of Oeningen, Baden. Heer’s description is
as follows:

V. folius subcoriaceis, ovalibus, integerrimis, apice
obtusiusculis, basi rotundatis; nervis secundariis campto-
dromis, areis reticulatis.

The Calvert form agrees with its European
contemporary in size, general outline, and
texture, as well as in secondary and tertiary
venation characters. The only difference is
the more acute base of the American form.

“The latter feature and the wide geographic
separation of the two occurrences have pre-
vented the direct reference of the American
form to Heer’s species. '

1 Saporta, G. de, Etudes sur la végétation du sudest de la France &
I’époque tertiaire, vol. 2, p. 338, pl. 11, fig. 1, 1866.
2 Heer, Oswald, op. cit., p. 190, pl. 153, figs. 40-42.

- Pieris scrobiculata.
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The genus contains about 125 existing species
of wide geographic distribution, especially in
the temperate and boreal regions of the
Northern Hemisphere. It occurs, however,
at high elevations in the Tropics, both north

"and south of the Equator, and evidently grew

in intermediate areas at some past times.

The fossil species are numerous and ranged
from the Eocene onward, with their maximum
display during the Miocene, when -they were
especially abundant in southern Europe along
the shores of the Mediterranean Sea of that
epoch.

Occurrence: Good Hope Hill, D. C.

Family ERICACEZ.
Genus PIERIS Don.
Pieris scrobiculata Hollick.
Plate X1I, figure 13.

Hollick, Miocene, p. 486, tf. 1g, Mary
land Geol. Survey, 1904.

This species was described by Hollick from
material obtained at the Good Hope Hill
locality. He compared it with the existing
Pieris nitide (Bartram) Bentham and Hooker,
a shrub of wet woods which ranges from south-
eastern Virginia to Florida near the coast and
is said to occur also in Cuba. Additional ma-
terial from the type locality agrees with the
type in outline and texture, but is only 11
millimeters in length and 5 millimeters in
maximum width.

Occurrence: Good Hope Hill, D. C,
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PLATE XI.

Freures 1, 2. Quercus chapmanifolis Berry. - Good Hope Hill, D. C.
Frounes 3-8. Quercus chapmani Sargent. A modern form from Santa Rosa Peninsula, Fla.
Ficures 9-11. Quercus lehmanni Hollick. Good Hope Hill, D. C. (Figs. 9 and 11 after Hollick.)
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PLATE XII.

Freure 1. Pinus sp.

Froure 2. Ulmus basicordata Hollick. (After Hollick.)
Fieure 3. Phyllites cercocarpifolia Berry.

Froure 4. Same, X 3.

Firaure 5. Czsalpinia ovalifolia Hollick.. (After Hollick.)
Froure 6. Cassia toraformis Berry. ‘

Fiaure 7. Same, X 3.

Fraure 8. Ilex calvertensis Berry.

All but figure 10 from Good Hope Hill, D, C,

Figure 9.
Ficure 10.
Ficure 11.
Fioure 12.
Ficure 13..
Ficure 14.
Ficure 15.

Rhus mitllert Hollick.

Same, a more lobate form from Richmond, Va.
Berchemia priscaformis Berry.

Same, X 2. .

Pierts scrobiculata Hollick. (After Hollick.)
Vaccinium cf. V. textum Heer.

Tip of same to show venation.
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REVISION

OF THE BECKWITH AND BEAR RIVER FORMATIONS OF

SOUTHEASTERN IDAHO.

By G. R. MaxsrFierp and P. V. Rounpy.

INTRODUCTION AND SUMMARY.

In the detailed geologic mapping of the
Wayan and Montpelier quadrangles, in south-
eastern Idaho and adjacent territory, it has
been found necessary to apply new names to
strata hitherto referred to the Beckwith and
Bear River formations or to portions of the
Laramie as mapped by the Hayden Survey.
The two quadrangles are contiguous, and -the
Montpelier quadrangle lies south of the Wayan.
They occupy the corner of the State and include
a very narrow strip in northeastern Utah and
a somewhat broader strip in western Wyo-
ming. They lie between parallels 42° and 43°
N. and meridians 111° and 111° 30’ W. The
‘Wayan 30-minute quadrangle, the topographic
map of which has not yet been published, con-

sists of four 15-minute quadrangles, the Free- |

dom, Lanes Creek, Crow Creek, and Slug Creek.
Topographic maps of these areas are now avail-
able.

The formations to be discussed extend from
the northeastern part of the Montpelier quad-
rangle northward through the eastern part of
the Wayan quadrangle and thence northward
an undetermined distance, possibly including
a considerable part of the Caribou Range.
They include about 17,000 feet of strata, unless
there are unrecognized repetitions by folding or
faulting.

Two large groups of beds are recognizable
in the field. At first, in accordance with earlier
interpretations, these groups were assigned
respectively to the Beckwith formation, of
Cretaceous and Jurassic age, and the Bear
" River formation, of Upper Cretaceous age.
On the maps of the Hayden Survey both are
included in the Laramie. There is, however,
considerable lack of agreement both lithologic-
ally and faunally between these formations as
exposed in the district under discussion and as

30830°—17—=6

exposed in the region of their type localities.
Descriptions of the Beckwith formation in the
areas where it has been studied show consider-
able variety in lithologic character. The fossil
content is meager, and there is uncertainty
about the upper limit of the formation.

" The Bear River formation has long been
known and has been studied by many geolo-
gists. It has a distinctive fauna and nearly
as distinctive a lithology. The lack of agree-
ment between the beds in the Wayan quad-
rangle heretofore called Bear River and the
typical Bear River is so marked as to raise the
question whether any of these beds can prop-
erly be assigned to that formation. The beds
in the Wayan quadrangle resemble somewhat
the Kootenai of Montana and Canada and may
in part represent that formation. They may
furnish a connecting link between the Kootenai
and the Bear River.

The strata in this area that were formerly
called the Bear River are here assigned to the
Wayan formation,  of Cretaceous, possibly
Lower Cretaceous age, and the so-called Beck-
with is divided into seven formations, of which
the lower two are marine formations of Juras-
sic age, and the remaining five are nonmarine
formations assigned to the Gannett group, of
Cretaceous (%) age. This paper gives-a state-
ment of the stratigraphic problems involved
and a description of the formations. The
writers are indebted to Mr. T. W. Stanton for
examination of the fossils and for helpful sug-
gestions.

GENERAL STRATIGRAPHY OF THE AREA.

The stratigraphic sequence in southeastern
Idaho is remarkably full, all the great Paleo-
zoic and later systems being represented. The
Paleozoic formations are identical in-name and
number with the corresponding formations of
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northern. Utah described by Richardson,!
except that the Threeforks limestone has not
been recognized. The Idaho formations dif-
fer somewhat in thickness and character from

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1916.

those of the Utah section. The subjoined table
shows the general character of the Mesozoic
formations of the region and the relations of
the formations here discussed to the others.

Mesozoic formations in southeastern Idaho.

System and series. Formation.

Thickness

Chargcter. (feet).

Cretaceous (Lower Cretaceous?). | Wayan formation.

Sandstones, shales, carbonaceous shales,

limestones, some conglomerate ........ 11, 800

Unconformity

Cretaceous (?). Gannett group.

Tygee sandstone. .. .............
Draney limestone................
Bechler conglomerate. . .........
Peterson limestone. . ............
Ephraim conglomerate. ......... 1,025

3,305

Stump sandstone.

Greenish-gray sandstone, with massive

calcareous bed at base ................ 200-600

Jurassic. Preuss sandstone.

Red sandstones and shales ............... 1, 300

Unconformity

Twin Creek limestone.

‘Whitish shaly limestone, some massive :
3, 500+

Jurassic or Triassic. Nugget sandstone.

Subdivided into four members: Red
sandstone, with heavy grit at base, suc-
ceeded by cherty limestone and red

shale. Raymond Canyon section..... 1, 900

Ankareh formation. -

Variable, yellow sugary sandstone, thin
to massive bedded, or red or chocolate-
colored shale and sandstone, or mottled
clays and shale with some sandstone

and limestone...........cco. . iioaann 7504

Triassic (Lower Triassic).
Thaynes limestone.

| Limestones, calcareous sandstones, and

shales ... ... ... ..l 2, 000+

Woodside shale.

Thin-bedded calcareous shales and lime-

5170) £ 13- N 1, 500

THE BECKWITH PROBLEM.

The Beckwith formation has been identified
at several localities in western Wyoming and
adjacent parts of Idaho by a number of geolo-
gists, but present knowledge of the formation

1 Richardson, G. B., The Paleozoic section in northern Utah: Am.
Jour. Sei., 4th ser., vol. 36, pp. 406416, 1913.

is largely derived from ‘the three principal
published descriptions, which represent more
or less separated districts and contain differ-
ences sufficient to warrant a brief discussion.
Their main features are set forth in the follow-
ing table, which includes also the correlations
given in the present report:



Tentative correlation of the Beckwith and Bear River formations in southeastern Idaho and southwestern Wyoming.

Age.

Southeastern Idaho (Mansfield and Roundy).

Idaho-Wyoming border (Breger, U. S.
gfg;. Survey Bull. 430, pp. 562-563,
i .

Southwestern Wyoming (Veatch, U. S. Geol. Survey
Prof. Paper 56, pp. 57-61, 1907).

Lincoln County, Wyo. (Schultz,
U. S. Geol. Survey Bull. 543,
pD- 30, 52-55, 1914).

Not recognized.

Upper Cretaceous. Bear River. Bear River.
Unconformity
Western area. Eastern area. '
o (Lo Wayan formation: Feet.
retaceous wer Alternating sandstone and .
Cretaceous?). shales................. 9, 000 Beckwith: Upper
i Sandstones, shales, and Beckwith: Upper mem- and lower phases
limestones. ............ 2,800 { Higher beds not recognized. ber time equivalentof | erge. Predom-
. & Lower Cre%aceous and inanf reddish Not represented or in-
Unconformity Eallliota. (?); consists of gg%g; le:);;lﬁ)][.:lgg‘t cluded with Bear River.
Gannett group: ight-colored sand- ! . i
Tygee sandstone........ 100+ stonesand clays; 3,000 %ffﬁ al.::le ?ﬁtget%
Cretaceous (?) Draney limestone .......... 200 feet. ellow. Entire
e Bechler conglomerate... 1,775 | Beckwith: Feet. ge ction about
Peterson limestone...... 205 Upper gray limestone.. 100 4.000 feet
Ephraim conglomerate. . 1,025 _Conglomerate.......... 850 ’ "
Beckwith considered
equivalent of V%atch’ﬁ
IR eastern section, but al
S g Begﬁlgn gém%%?e; ol‘fél: Jurassic. Light-colored
tump sandstone............ 200-600 Lowea g)ray bagd 250-600 posed of sandy clays, | Beckwith: Lower illlz‘le’ v:iatlllldsgs%ciaigg
Preuss sandstone 1,300 Red sandstone. ... 1,200 | sandstones, and con- | part of section. | 1 of white to light-
Jurassic. - +Teuss sandstone........... ) ed s e ’ glomerates; 2,500 feet; 1L a4 red g
Upper Jurassic. yellow and red con-
glomerate -and black
limestone; 900-2,400
feet.
Unconformity -
Twin Creek limestone. Twin Creek. Twin Creek. Twin Creek. Twin Creek.
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Veatch,! who defines and describes the forma-
tion, divides it into two unnamed members—
“a lower red-bed member composed of inter-
bedded sandy clays, sandstones, and conglom-
erates 2,500 feet thick, and an upper member
composed of rather light-colored interbedded
sandstones and clays with a thickness of 3,000
feet or more.”” In the eastern exposures
within his district these two phases merge.
“Just west of Hilliard these beds, while having
a predominant reddish cast, are all light in
color. The conglomerates, which near Beck-
with are deep red, are here white to yellow.”
Veatch appears not to have found fossils in the
Beckwith, but he refers to this formation col-
lections of marine Jurassic fossils previously
made by Stanton at two localities, one of
which was outside of the district described.
On the evidence of these fossils he refers the
lower part of the Beckwith to the Jurassic;
the remainder, he thinks, ‘‘ contains time equiv-
alents of the Lower Cretaceous and Dakota.”

Breger ? gives the following account. of the
Beckwith formation in the Crow Creek region,
Idaho, which is included in the Montpelier and
‘Wayan quadrangles:

This formation consists of red sandstone and conglom-
-erates with two conspicuous gray bands. The lower
gray band is a dark greenish-gray calcareous sandstone
250 to 600 feet thick and occurs 1,200 feet above the base
.of the formation. The lower 1,200 feet consists of red
-sandstones and shales, apparently without conglomerates.
‘The conglomerates seem to be confined * * * to the
interval above the lower gray band, constituting most of
‘the rocks for a thickness of 850 feet. They are succeeded
by the second or upper gray band, a massive limestone,
more or less marly and light blue-gray in color. This
Tock attains a thickness of 100 feet in Stump Canyon and
mnorthward, where it forms a resistant ledge that may
easily be traced by its light color.

Breger makes no mention of fossils in the
formation.

Schultz 3 describes the formation as it occurs
in Lincoln County, Wyo., south of Snake River
and east of the Salt River Range and the
Absaroka Ridge. There it represents the

direct northward extension of the Beckwith formation of
the eastern belt of Uinta County [Veatch’sarea], where the
conglomerate phase mergeswith the upper sandstone and
shale. * * * The beds are composed of light-colored

1 Veatch, A. C., Geography and geology of a portion of southwestern
‘Wyoming: U. 8. Geol. Survey Prof. Paper 56, pp. 57-58, 1907.

2 Breger, C. L., The salt resources of the Idaho-Wyoming border,
-‘with notes on the geology: U. S. Geol. Survey Bull. 430, pp. 562-563, 1910.

* Schultz, A.R., Geology and geography of a portion of Lincoln County,
‘Wyo.: U. 8. Geol. Survey Bull. 543, pp. 30, 53, 54, 1914,
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shale, sandstone, and clay. The sandstone is usually
light yellow, pink, or white, and the clay varies from
yellow or light pinkish red to dark purple. With the -
sandstone, shale, and clay are associated beds of white to
light yellow and red conglomerate and black limestone.
In places * * * conglomerate beds constitute an
important part of the formation.

Fossils are not numerous, but Schultz ob-
tained collections from four localities. These
were examined by Stanton, who referred three
of the collections to the Jurassic and stated that
the fourth was not sufficient for age determina-
tion but suggested Jurassic. According to
Schultz two of the lots ‘“come from the top of
the Beckwith and indicate that it is Upper
Jurassic.” The thickness of the formation in
the region ranges from 900 to 2,400 feet.

Lithologically the descriptions given by
Veatch and Schultz agree fairly well, except
that in Schultz’s area the red conglomeratic
phase seems not to be well developed. In both
areas sandstones and clays predominate in the
formation. Conglomerates appear to be of
relatively minor importance. Veatch makes
no mention of limestone, but Schultz refers to
beds of black limestone. Breger, on the other
hand, does not mention clays, but emphasizes
two gray bands, one of sandstone and the other
of limestone, with an intermediate massive
conglomerate. IHe also notes the presence of
a thick band of red sandstones and shales below
the lower gray band. Thus he divides the
formation into a series of bands which, he says,
“maintain these characters throughout the
area covered by the present reconnaissance,
* % % g distance of about 35 miles.” -The
formation in the Wyoming region appears to
be more variable, and the subdivisions noted
by Veatch and Schultz do not appear to con-
tinue over considerable areas.

The study of the Wayan and Montpelier
quadrangles has given the writers an oppor-
tunity to review in some detail Breger's work
on the Beckwith and to cover a somewhat
larger area than he examined. They have also
seen the Beckwith northeast and southeast of
Evanston, Wyo., but have not been able to
make extended observations there. In the
Idaho region they recognized the four bands
described by Breger and found three additional
higher ones, but in the portions of the Wyoming
Beckwith seen they did not observe any similar
arrangement. Perhaps the most striking dif-
ferences noted in the two regions were the
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greater abundance of conglomerates and lime-
stones and more intense red color in the Idaho
area contrasted with the predominance of sand-
stones and clays of lighter colors in the Wyo-
ming area. '

Faunally there are several differences to be
noted. Veatch refers the lower part of the
Beckwith to the Jurassic, but there is an
element of doubt in this reference, because of
the possibility that the fossils collected earlier
by Stanton may have come from unrecognized
in-faulted Twin Creek beds, although Veatch
does not regard this as ploba.ble The upper
beds he cons1ders Cretaceous. Schifltz found
Jurassic fossils in the top of the Beckwith in
his area, and yet he regards the formation
there as the direct northward continuation of
Veatch’s combined section. In the Idaho area
the writers found marine Jurassic fossils just
at the base of Breger’s lower gray band, but the
limestone beds higher in the section contain a
fresh-water fauna that is thought by Stanton
to be later that Jurassic, having affinities with
those of the Kootenai and Bear River forma-
tions. Nothing comparable to this fresh-water
fauna has yet been reported from the other
Beckwith areas.

Schultz,! from work in Wyoming and Utah,
the results of which have not yet been pub-
lished, has come to look upon the Beckwith as a
group rather than a single formation. It is
thus seen that the term Beckwith as now used
has no very definite meaning, that it is applied
to widely varying beds, some of which may not
be closely related, and that it probably covers
beds belonging to two great systems.

The writers have found it practicable to sub-
divide the beds hitherto called Beckwith in
the Wayan and Montpelier quadrangles into
seven formations, two Jurassic and five Cre-
taceous (?). In view of the above discussion
it seems unwise to retain the name Beckwith
for any of these formations and new names
are therefore assigned. Detailed descriptions
of the formations are given on pages 82-83.

THE BEAR RIVER PROBLEM.

The Bear River formation early attracted
attention because of its numerous and well-
preserved fossils. It was named by Hayden ?

1 Personal communication.
? Hayden, F. V., U. S, Geol. Survey Terr. Second Ann Rept., pp.
01-92, 1873,
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in 1873, but its true stratigraphic position was
not determined until nearly 20 years later by
Stanton.? In 1895 White* gave a full de-
scription of it, summarizing the information
available at that date. Since then other
geologists have contributed additional detmls
(See table on p. 80.)

Although the stratigraphic position of the
Bear River has been determined, its relations to
the underlying formations are not everywhere
clear. It is probable that in some of the earlier
accounts strata now assigned to the Beckwith
have been included in the Bear River. The
formation has not been recognized outside of
the region which extends from Old Bear River
City, about 9 miles southeast of Evanston,
Wyo., northward through the Wyoming and
Salt River ranges into the northeastern part
of Idaho.?

In the Yellowstone Park and extending

northward into Canada there is a thick and
extensive nonmarine formation, the Koote-
nai, of Lower Cretaceous age, between which
and the Bear River there are certain affinities,
but the relations of the two formations to
each other are not known. In Idaho and
Wyoming there are great thicknesses of strata
which have been assigned to the Bear River
but in which none of the characteristic
Bear River fossils have been found. Stan-
ton ® comments as follows on a collection
made by Schultz on the west flank of the
Caribou Range about 2 miles east of Herman.
Idaho: :
* In my opinion this fauna is Cretaceous, but on account
of the absence of definitely characteristic forms I am
unable to determine whether it belongs to the Bear River
formation. Similar imperfect fossils have been collected
in Montana in vocks that are provisionally referred to the
Kootenai formation.

The assignment of these and other doubtful
beds to the Bear River seems to have been
based partly on lithologic resemblances and
partly on the actual occurrence in higher beds
of characteristic Bear River fossils, as in parts
of Lincoln County, Wyo.,” and of Bonneville

8 Stanton, T. W., The stratigraphic position of the Bear River forma.
tion: Am. Jour. Sci., 3d ser., vol. 43, pp. 98-115, 1892.

4 White, C. A., The Bear River formation and its characteristic fauna:
U. 8. Geol. Survey Bull. 128, 1895,

8 Veatch, A. C., op. cit., p. 60.

6 Schultz, A. R., and Richards, R. W., A geologic reconnaissance
in southeastern Idaho: U. S. Geol.'Survey Bull. 530, p. 275, 1913.

7Schultz, A. R., Geology and geography of a portion of Lincoln
County, Wyo.: U. S. Geol. Survey Bull. 543, pp. 54-59, 1914.
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and Fremont counties in Idaho, north and
northeast of the Wayan quadrangle.!

The rocks in typical exposures of the Bear
River formation may be described as dark
shales with calcareous bands and some soft gray
sandstones, which are abundantly fossiliferous.
A single section which may be regarded as rep-
resentative may be quoted from Stanton’s
section on Stowe Creek,? near the type locality.

Part of Stanton’s section on Stowe Creek, Wyo.
Y

5. Bear River formation:

Brown sandstone; dip 75° E.............. ... 20

Soft gray shale........ ...l 25

Gray sandstone. .. .....c...iiiiiiiiiiiiiaa. 10

Dark shale. ...................... et 60

Brown sandstone . . ... ... .. ... . ilio.. 10

Dark shale with calcareous bands containing
numerous fossils: Pyrgulifera humerosa, Cor-
bula pyriformis, Unio belliplicatus. ......... 250

Sandstone............... et 10
Dark shales with thin bands of limestone and

sandstone and occasional carbonaceous
seams; many Bear River fossils ............ 400
Gray sandstone; dip 75° E. ... ............. 10
Soft shales. . ... ... ... 25
Gray sandstone; dip75° E ... ... ... ... 20
840

In some places the shales-are sufficiently car-
bonaceous to carry thin seams of coal, but the
coal is generally too poor to be of economic
importance.

At a few localities in the Wayan quadrangle
there are dark shales with calcareous bands in
supposed Bear River strata, but these are not
very fossiliferous, and such fossils as occur are
not typical of the Bear River. The strata in-
clude two rather prominent sets of limestone
beds, with which more or less dark shale is in-
terbedded, and great thicknesses of sandstones
and shales, some of which are of an intense red
color. Lithologically there is no very close
agreement between the rocks of the Wayan
quadrangle and the typical Bear River, and
faunally the relationship is uncertain.

The Kootenai of Canada and Montana con-
tains some coal beds of economic importance.
In the Cascade coal basin of Alberta the forma-
tion includes some 2,800 feet of sandstones and
shales with many valuable coal seams, there
being in one locality as many as 14 beds that

1 Unpublished data collected by E. G. Woodruff and A. R. Schultz.
1 Stanton, T. W., The stratigraphic position of the Bear River forma-
tion: Am. Jour. Sci., 3d ser., vol. 43, p. 106, 1892.
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are possibly workable.? In the Philipsburg
quadrangle, Mont.,* the Kootenai formation in-
cludes 1,500 feet of variegated beds, chiefly
sandstones and shales with some limestones and
conglomerates. The ‘‘gastropod limestone’’®
in that quadrangle is physically much like the
limestones of the supposed Bear River in the
Wayan quadrangle. It is described as a pure
gray limestone rich in fossils, chiefly fresh-
water snails. The limestones form distinct
beds which are separated by shales and crop
out as reefs. On fresh fracture the rock is
dark gray; on the weathered surface, pale blu-
ish gray. The texture is coarse and less com-
pact than that of the lower limestone. The
rock is crowded with spiral shells which are con-
spicuous on weathered surfaces. The calcare-
ous shale interbedded with and overlying the
gastropod limestone is partly of an olive-green,
ocherous-weathering type. It grades into
sandstones. The uppermost beds consist of
more or less calcareous shale, gray to nearly
black on fresh fracture but weathering to blue-
gray or brown; these beds virtually grade into
limestone. The limestones of the supposed
Bear River in the Wayan quadrangle occur in
the same manner as in the Kootenai of the Phil-
ipsburg quadrangle, but they are not so fossil-
iferous nor so coarse-textured, and the inter-
bedded shales are usually dark gray to blackish,
although the olive-green color and gradation to
sandstone have been noted.

Other lithologic similarities exist between

‘the so-called Bear River of the Wayan quad-

rangle and the Kootenai of the Philipsburg
quadrangle and other parts of Montana. There
are also many differences, among them being
the absence of workable coal in the Wayan
quadrangle. However, the shales are in some
places carbonaceous, and near Auburn, Wyo.,
a tunnel some 40 feet long has been driven at
a coal prospect from which a few lumps of
usable coal have been taken.

No recognizable flora has been found in the
Wayan ‘“‘Bear River,” but undeterminable
stem fragments have been-taken from some of
the olive-yellow sandstones above the band of

3 Dowling, D. B., Report on the Cascade coal basin, Alberta, p. 8,
Canada Geol. Survey, 1907.

4 Calkins, F. C., and Emmons, W. H., Geology and ore deposits of
the Philipsburg quadrangle, Mont.: U. S. Geol. Survey Prof. Paper 78,
p. 77, 1913. .

5 Idem, pp. 77-79.
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dark shale in the lower part of the formation,
and some pieces of dark silicified wood have
been found in dark-gray sandstone beds close
to the top of the section studied.

From the above descriptions it is clear that
the differences between the Wayan ‘‘Bear
River” and the typical Bear River are so great
as to make the correlation of the two forma-
tions questionable. On the other hand, the
agreement between the beds of the Wayan area
and the Kootenai is perhaps not sufficiently
close to warrant correlation with that forma-
tion until such a correlation is supported by
further and more detailed studies. It seems
likely that when the detailed stratigraphy of
the region north of the Wayan quadrangle,
beyond Snake River, is better known the for-
mation will be found to grade upward into the
typical Bear River. If the interesting sugges-
tion that the formation should be correlated
with the Kootenai of Montana should be sub-
stantiated, it might then be possible to deter-
mine the stratigraphic relations of the Kootenai
and the Bear River.

In the meantime it seems undesirable to
apply either term to the formation now called
Bear River in the Wayan quadrangle. To
avoid ambiguity these beds are named the
Wayan formation. The great thickness of the
formation, more than 11,800 feet, neither top
nor bottom being exposed, and the arrangement
of the strata suggest that it may be subdivided
later, but this seems inadvisable until detailed
studies have been carried farther north. A
more detailed description of the formation is
given on pages 83-84.

THE FORMATIONS.
PREUSS SANDSTONE.

The Preuss sandstone is named from Preuss
Creek, in the northeastern part of the Mont-
pelier quadrangle, about 12 miles northeast of
Montpelier. With higher formations it occu-
pies a synclinorium extending northward from
the northeastern part of the Montpelier quad-
rangle completely across the Wayan quadran-
gle. The eastern extension of the southern
part was not traced, but the central and north-
ern parts probably do not extend far east of
the area studied.

The formation consists of very fine, even-
grained sandstones ranging in color from pale
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reddish gray to deep dull red. The sandstone
is usually calcareous and more or less argilla-
ceous, becoming very shaly in some places.
The beds are generally less than 6 inches thick,
weather to a dull-red soil, and make the slopes
of subordinate ridges. A graphic measurement
at the head of Thomas Fork valley gives a
thickness of 1,300 feet.

A minor unconformity separates the Preuss
sandstone from the underlying Twin Creek
limestone.

STUMP SANDSTONE.

The Stump sandstone is named from Stump
Peak, at the head of the north fork of Stump
Creek, about the center of T. 6 S., R. 45 E.,
Boise meridian (unsurveyed). It consists
mainly of thin-bedded gray to greenish-gray
fine-grained sandstones which weather into.
platy fragments about an inch thick. Near
the base are some beds of compact calcareous
sandstone, locally as thick as 6 feet. The
grains are very fine and chiefly of colorless
quartz. The rock tends to break with a con-
choidal fracture arid to ring under the hammer.
Fresh surfaces have a steel-gray color, but
weathered surfaces appear velvety brown. In-
stead of ledges these beds commonly form lines
of irregularly weathered blocks that at first
glance resemble trap rock. ‘At the base is a
bed of grit, or coarse-grained sandstone, which
contains marine fossils of Jurassic age. The
component grains are colorless quartz, with
some greenish chloritic material, and the
cement is calcareous and grayish. The fresh
rock has a slight pinkish cast, and weathered
surfaces are decidedly pinkish. This is prac-
tically the only bed in the entire formation
from which fossils were collected, and the col-
lections it yielded at several localities gave
practically the same fauna. Fossils identified
by T. W. Stanton were Ostrea strigilecula
White?, Rhynchonella ? sp., Camptonectes ? sp., -
and Pentacrinus sp. A single collection as-
signed tentatively to the same or nearly the
same horizon included Astarte sp., Trigonia
sp., and Belemnites sp. According to Mr.
Stanton these forms might all be considered as
Twin Creek. They are, however, separated
from that formation by an unconformity and
more than 1,000 feet of unfossiliferous sand-
stones.
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The Stump sandstone is usually resistant to
weathering and forms conspicuous ridges, but
south of the Halfway House, on the southern
edge of the Wayan quadrangle, it forms a val-
ley. The rock there has probably been weak-
ened by fracturing or other structural dis-
turbance.

The essential features of this formation are
present throughout the region studied, but the
thickness varies from 200 to.600 feet. Plate
XIII, A, shows a typical exposure of the Stump
sandstone.

GANNETT GROTUP.

NAME AND GENERAL FEATURES.

The Gannett group is named from the Gan-
nett Hills, which lie in Bannock County, Idaho,
and Lincoln County, Wyo., in the eastern part
of the Wayan quadrangle, where all the forma-
tions of the group are well exposed. The
Gannett Hills have been named in honor of the
late Henry Gannett, topographer of the Green
River division of the Hayden Survey and sub-
sequently an eminent geographer, who did the
first topographic work in this region.

The group includes five distinct subdivisions
and has a maximum thickness of over 3,300
feet. It rests, with apparent conformlty, upon
the Stump sandstone. At the top is the Tygee
sandstone, gray and even grained, followed by
the Draney limestone, gray and compact.
Below are the Bechler and Ephraim conglom-
erates, separated by the Peterson limestone,
which is much like the Draney. Shale appears
to be nearly absent from the group.

The fossils thus far collected from the Gan-
nett group are not distinctive, but they are
apparently later than Jurassic, so that the age
of the group is probably Cretaceous.

The group occurs in much the same areas as
the Preuss sandstone, but is confined more to
the central portion of the synclinorium.

EPHRATIM CONGLOMERATE.

The Ephraim conglomerate, at the base of
the group, is named from Ephraim Valley, in
sec. 36, T. 10 S., R. 45 E., Boise meridian, which
lies in the formation. ‘The rock is a red con-
glomerate with minor amounts of sandstone and
some thin bands of gray to purplish limestone.
It is about 1,000 feet thick at the type locality,
but varies much in thickness and character, be-

" SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1916.

coming in some regions practically all conglom-
erate with pebbles, some of which are nearly a
foot in diameter. The pebbles represent a wide
variety of materials, but perhaps 100 feet above
the base there is an olive-yellow band, 25 feet
or more thick, in which the pebbles are almost
exclusively of dark chert, rounded or subangu-
lar, and generally an inch or less in diameter.
The Ephraim conglomerate forms most of the
mass known as Red Mountain, in the north-
eastern part of the Montpelier quadrangle,
where it is well exposed. (See Pl. XIII, B.)

PETERSON LIMESTONE.

The Peterson limestone is named from Peter-
son’s ranch, along Tygee Creek, in sec. 34; T.
7 S., R. 46 E., Boise meridian, east of which
the formation is'well exposed. It is about 200
feet thick, massively bedded near the top, and
very persistent throughout the region studied,
forming prominent ridges that can be followed
by the eye for miles from some of the higher
summits. (See Pl. XIV, A.) The following
fossils from this limestone have been identified
by T. W. Stanton: Unio sp., Planorbis (Gy-
raulus) sp. related to P. preecursoris White,
Viviparus sp., Goniobasis? sp., and two dis-
tinct species of Physa. Fossils of similar types
occur in the Kootenai, Bear River, and later
formations. The fresh-water gastropods are
not distinctive and similar forms of Planorbis
are found in both the Morrison and Bear River,
but no species of Physa have been reported
from beds older than the Bear River.

BECHLER CONGLOMERATE.

The Bechler conglomerate is named from
Bechler Creek, which enters Stump Creek from
the north about a quarter of a mile north of
the mouth of Boulder Creek, in T. 6 S., R. 45
E., Boise meridian (unsurveyed), in Bannock
County. Bechler Creek is named in honor of
G. R. Bechler, topographer of the Teton divi-
sion of the Hayden Survey, who did the first
topographic work in the region adjoining the
Wayan quadrangle on the north

The formation is composed of about 1,700
feet of gray, reddish, and “salt and pepper”
sandstones with interbedded conglomerates.
The ‘““salt and pepper” color predominates,
and there is probably over twice as much con-
glomerate as sandstone. The proportion of
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sandstone, however, is greater than in the
Ephraim conglomerate. The pebbles in the
conglomerate are small, few having a diameter
of more than 1 inch.

DRANEY LIMESTONE.

The Draney limestone is named from the

Draney ranch, on Tygee Creek, in sec. 10, T.

8 S, R. 46 E., Boise meridian. The limestgne
occurs on the top of the ridge about a mile and
a quarter east of the ranch. The formation is
about 200 feet thick and is fairly massive, the
individual beds reaching a maximum thick-
ness of 1% feet. The rock is much like that of
the Peterson limestone, but is not so massively
bedded near the top. It is compact and gray,
but weathers to a dirty-white color. The fol-
lowing fossils from this limestone have been
identified by T. W. Stanton: Unio sp. related
to U. wvetustus Meek, Viviparus? sp., and
Goniobasis ? sp., a simple smooth form resem-
bling G:? increbescens Stanton or Ammicola?
cretacea Stanton.

TYGEE SANDSTONE.

The Tygee sandstone is named from Tygee
Creek, east of which, in T. 8 S., R. 46 E., the
formation is well exposed n ‘tssocmtlon w1th
the Draney limestone on the top of the ridge
along the Idaho-Wyoming boundary. Therock
is gray to buff, even grained, and without the
greenish or reddish tinges of some of the higher
sandstones. The top is not exposed, and in
much of the region this sandstone with part or
all of the limestone below it has been eroded
before the deposition of the Wayan formation.
At the type locality about 100 feet of this sand-
stone is exposed.

WAYAN FORMATION.

Resting unconformably upon the Gannett
group is a group of beds composed of sand-
stones, shales, limestones, and some conglom-
erates. Neither the top nor the bottom is
known, but apparently about 11,800 feet of
beds are exposed. These rocks are confined to
the northeastern part of the Wayan quadrangle
and the region to the north. The formation is
named from the settlement of Wayan, in Ban-
nock County, in the northwestern part of the
Wayan quadrangle. It occupies the hills im-
mediately east of Wayan -and appears to be
broadly divisible into two units, the upper
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composed chiefly of alternating sandstones and
shales with some conglomeratic beds, but with-
out significant limestones, and the lower com-
prising some eight subdivisions, including
several thick beds of limestone.

The lower unit in the section exposed in Tin-
cup Canyon includes four sets of red beds, three
of limestone and shale, and one of yellow sand-
stone. These beds in ascending order may be
briefly described as follows:

1. Beneath the limestone of the dome that forms a fine
arch about a mile west of the mouth of the South Fork of
Tincup Creek there is a suggestion of reddish soil that may
represent red beds not otherwise exposed.

2. Gray limestones, weathering whitish, with dark-
colored shales. The top 20 feet is rather massively bedded
limestone; shale and limestone are interbedded below, the
proportion of shale gradually increasing toward the base.

3. Red beds consisting largely of red-weathering soft
gray sandstone but including also some gray and red shaly
beds and some calcareous beds. These rocks generally
form slopes and soil of a light-red color, a brighter color
than that of No. 5.

4. Bands of gray limestone in dark shales. Some of the
limestone beds are relatively ‘massive, 13 feet or more
thick, and project from the weaker shales.

5. Red beds with purplish to reddish-gray sandstone,
massive near the top but in thinner beds and associated
with shale below, the whole weathering to a red soil and
forming fairly smooth slopes.

6. Dark gray to black shale with massive buff limestone
near the top and thinner beds of limestone below. (See
Pl. XIV, B.)

7. Greenish-gray sandstones and grit, weathering, yel-
low and reddish, usually forming marked ridges and
rough talus slopes of large blocks. The sandstone becomes
conglomeratic in places.

8. Red to purplish sandstone with some shaly and some
calcareous beds.

Some of these subdivisions may be recog-
nized north and south of Tincup Canyon, but
their structure is complex, they appear to vary
in lithology and thickness, and they are in
places not well expressed topographically. For
these reasons it is not yet practicable to map
them separately. Their combined thickness is
estimated at about 2,800 feet.

The upper unit of the formation, if there is no
reduplication by folding and faulting, com-
prises some 9,000 feet of westward-dipping
strata that lie along the upper course of Tincup
Creek’ above the canyon. These beds are
chiefly red and gray sandstones, with interven-
ing shales and some calcareous beds. The
sandstones form a series of low ridges and
points, but the shales are mainly weathered
into soil-covered areas. Toward the top yel-
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Jowish and brownish sandstones appear, and |

the uppermost strata recognized are shown only
by fragments of dark-gray siliceous sandstone
and pieces of dark-brown or black silicified
wood weathered white.

The upper unit apparently represents the
east limb of a broad syncline, the axial region
of which is occupied by the layer containing
silicified wood. The syncline is broken on the
west by a fault. The northward continuation
of the strata and the structural relations sug-
gest that higher beds may appear in that
direction.

The fossils collected from the Wayan forma-
tion have come almost entirely from the lime-
stone bands. The following forms have been
identified by T. W. Stanton: Unio? sp.,
Rhytophorus? sp., Viviparus? sp., Limnga?,
opercula of gastropods, and fragments of
fresh-water shells. An wunidentifiable frag-
ment of bone has also been found. In his re-
port on the collections Mr. Stanton remarks:

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1916.

The collections from the Wayan quadrangle fail to
show any charatteristic species of the Bear River forma-
tion, and if the Bear River is recognized there it must be
on some other basis than paleontologic correlation. This
is also true of the Beckwith formation, for the reason that
in its type area the Beckwith has yielded so few fossils
that it can not be said to have a characteristic fauna.

. 'The few fossils found in both the Wayan
formation and the Gannett group are poorly
preserved fresh-water forms belonging to Unio
and to small, uncharacteristic gastropods re-
ferred to several genera. There are, therefore,
marked faunal similarities between the Gannett
group and the Wyan formation, and certain
beds in both, particularly the limestones, are
also lithologically similar. These likenesses
sometimes make difficult the distinction be-
tween the formations where the similar beds of
each occur in proximity, and thus the uncon-
formity between them, though in many places
distinet, is locally hard to detect and probably
does' not represent any great stratigraphic

interval.



.THE FLORA OF THE FOX HILLS SANDSTONE.

By F. H. KNOoWLTON.

INTRODUCTION.

A knowledge of the land plants of the Rocky
Mountain region in Fox Hills time has long
been desired, because the Fox Hills sandstone
lies between formations that are abundantly
plant bearing. As the Fox Hills is a marine
formation, it probably nowhere carries the re-
mains of a large land flora, although, as it was
evidently deposited near shore in rather shal-
low water, it doubtless includes some small
pockets or deposits in which the remains of
land plants may be discovered. Isolated
specimens of such plants have been found. in
the formation at several localities, and the pe-
culiar marine alga Halymenites is at many
places abundant in its beds, but never before,
so far as I know, have collections so large as
those here - considered been described and
figured.

The type locality of the Fox Hills sandstone
is near Fox Ridge, between Cheyenne and Mo-
reau rivers, S. Dak. Its thickness at this
place reaches about 325 feet and in near-by
areas in North and South Dakota ranges from
25 feet or less to 450 feet. At a few places
where the underlying and overlying formations
occur and it should theoretically be present it
may be entirely absent, as at a locality on
Worthless Creek, S. Dak., reported by Calvert.!
In the Denver Basin in Colorado, according to
Eldridge,® the formation has a normal thick-
ness of 800 to 1,000 feet, and at only one local-
ity does its thickness fall to 500 feet.- Later
students of the geology of Colorado have been
inclined to reduce its thickness in this region
greatly, perhaps to restrict it to little more
than the upper 100 feet of the beds it now in-
~cludes, but according to T. W. Stanton there is

L Calvert, W. R., Geology of the Standing Rock and Cheyenne River
Indian reservations, North and South Dakota: U. 8. Geol. Survey
Bull. §75, p. 18, 1914.

3 Eldridge, G. H., Geology of the Denver Basin in Colorado: U. 8.
Geol. Survey Mon. 27, p. 71, 1896.

no obvious faunal evidence for changing the
established line between the Fox Hills and the
underlying Pierre shale.

The material on which the following notes
are based comes from the Greeley quadrangle,
Colo. Part of it was obtained by T. E.
Williard, of the United States Geological Sur-
vey, during the field season of 1914, at two
localities, one, affording the larger collection, on
Wildcat Mound, about 24 miles south of Milli-
ken, and the other on the north side of Thomp-
son Creek about 14 miles northeast of Milliken.
The matrix in which the plant remains ocour is
a yellowish-brown, rather coarse sandstone,
and the leaves are fragmentary or so curled up
that it is difficult to procure perfect specimens.
The exact position of the plant-bearing beds in
the local section was not determined, though
according to Mr. Williard they are probably
within 100 feet of the top. They are, however,
undoubtadly below beds containing a typical
Fox Hills fauna.

In 1915 these localities were visited by T. W.
Stanton, who was able to confirm Mr. Williard’s
observations concerning the stratigraphic rela-
tions of the plant-bearing beds. He also ob-
tained additional material about a quarter of a
mile east of Mr. Williard’s locality northeast of
Milliken, but apparently in beds at nearly the
same level, about 21 feet below the top of a
massive sandstone in the Fox Hills and prob-
ably 100 feet below the top of the formation. .

The occurrence of fossil plants in this general
region in the midst of or at least below well-
defined marine beds has long been known,
though apparently this is the first material
that has been found so well preserved as to
permit adequate description. In 1873 Steven-
son ® found abundant plant remains at a local-
ity which must have been the same as or near
the one that has afforded the present collec-

3 Stevenson, J. J., Report on the geology of a portion of Colorado:
U. 8. Geog. Surveys W. 100th Mer. Rept., vol. 3, p. 406, 1875.
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tions.

Concerning this locality he Wrote as
follows: '

Following this rock [Cretaceous] down the South Platte
River, we find the lower part of the section well exposed
for many miles below the junction of St. Vrains Creek
and theriver. Here, at a horizon above that of the Platte-
ville coals, the exposure is similar to that at Canon City.
At the river level are shales, argillaceous and arenaceous,
gradually passing upward into a bluish-gray, very friable
sandstone, on which rests a red friable sandstone contain-
ing many thin layers which are slightly calcareous. Owing
to the superior hardness of the calcareous layers this red
sandstone, in weathering, assumes eccentric forms similar
to those common on Monument Creek and illustrated in
Dr. Hayden’s reports. The harder layers are richly fos-
siliferous. Some of them are made up almost wholly of
Halymenites major Lesquereux, others literally crowded
with remains of Mollusca, and one contains many leaves
of dicotyledonous plants. The shale section overlies the
important coal beds at Platteville and is traceable down
the river for a long distance, the dip in that direction
being very slight. Near Evans and in the highest portion
of the sandstone the layers containing the fucoid alternate
with those containing Mollusca, and the leaf bed is under-
laid and overlaid by both fucoidal and molluscan layers.
Unfortunately the impressions of the leaves are not sharp,
and but one specimen was preserved.

As certain of his observations made in 1873
had been called in question, Stevenson revis-
ited the locality in 1878, and the results of this
later visit were published in the following year.!
His observations were confined mainly to the
area on the west side of South Platte River
between St. Vrain and Thompson creeks, and
for several miles up these streams. In.low
bluffs both north and south of Thompson Creek
he noted a sandstone, which, he says,

is bright yellow and for the most part extremely friable,
weathering easily and breaking down into loose sand.
But at irregular intervals vertically it shows thin layers
of darker sandstone, some of which are quite compact,
while others are flaggy, though they all resist the action
of the weather, * * *

For the greater portion, the soft yellow sandstones are
devoid of fossils, but here and there Halymenites major
Lesquereux occurs, and occasionally one stumbles on a
little nest of Ostrea. The harder layers are quite differ-
ent, many of the more compact being crowded with the
Halymenites, while most of the flaggy layers contain Fox
Hills fossils, among which are Ammonites lobatus, Nucula
cancellata, Mactra warreniana, and numerous other species.
Other layers are crowded with fragments of carbonized
wood. * * * In 1873 Mr. Kelley discovered 2 thin
layer containing impressions of dicotyledonous leaves.
But the leaf specimens, with nearly all the other speci-
mens obtained during that visit, were destroyed by an
accident to-the building where they were stored in Evans.
During my last visit the leaf bed could not be found.

1Stevenson, J. J., Note on the Fox Hills group of Colorado: Am. J o.ur.
Sci., 3d ser., vol. 17, pp. 369-373, 1879.
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In 1906 the University of Colorado sent out
a scientific expedition to the northeastern part
of the State under the direction of Prof. Junius
Henderson.? Considerable collections of fossils
were obtained, and among them was a single
species of plant found by Prof. Henderson near
the mouth of Thompson Creek, just west of
Evans. This was described in the same report
by Cockerell * under the name ‘‘Ficus sp. nov.,”
no specific name being given, as it was very frag-
mentary. It is undoubtedly the same as that
here described as Rhamnus? williardi.

As nearly as can be made out the locality
described by Stevenson was visited in 1910 by
W. T. Lee, of the United States Geological
Survey, who was especially interested in study-
ing the relation of these beds to the Platteville
coal. Mr. Lee found Fox Hills invertebrates
near the top of Wildcat Mound and at several
lower horizons in the massive bed of sandstone
which overlies a thin bed of coal. He also
noted the presence of dicotyledonous leaves,
but did not collect specimens.

THE FLORA.

Although the known flora of the Fox Hills
sandstone is still small, the importance that
attaches to it makes a discussion of its affini-
ties and relations a matter of considerable
interest. The following is a list of the forms
recognized:

Halymenites major Lesquereux.
Anemia sp.

Equisetum sp.

Sequoia reichenbachi (Geinitz) Heer
Sequoia magnifolia n, sp.
Cephalotaxus? coloradensis n. sp.
Podocarpus? stantoni n. sp.
Myrica torreyi Lesquereux.
Ficus speciosissima Ward.
Rhamnus? williardi n. sp.
Aristolochia? coloradensis n. sp.
Viburnum vulpinum n. sp.
Phyllites cockerelli n. sp.

From this list it appears that only four
of the named species have been previously
known, the remainder being new to science
or so fragmentary as not to merit specific
designation. These four species are found
also in the older beds of the Montana group—
that is, in the beds underlying the Fox Hills.

2 Henderson, Junius, Scientific expedition to northeastern Colorado:
Colorado Univ. Studies, vol. 4, p. 151, 1907. .

3 Cockerell, T. D. A., A new plant (Ficus) from the Fox Hills Creta-
ceous: Idem, p. 152.
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Thus Halymenites major, while most abun-
dantly and characteristically developed in
~the Fox Hills sandstone, occurs also at a
number of places in older beds of the Montana
group, and even in still older beds of late
Colorado age. It al!o occurs sparingly, gen-
erally in reduced size, in the Cannonball
marine member of the Lance formation,
which overlies the Fox Hills. Sequoia reich-
enbachi has a very wide range in age, extend-
ing from the Upper Jurassic to the Upper
Cretaceous; it is especially abundant in the
Judith River formation of the Montana group.
Myrica torreyi is most abundant and widely
distributed in the Montana group, but it is
also found in the Laramie and rarely in post-
Laramie beds. Ficus speciosissima belongs
to a group of closely related forms that range

in age from Montana to post-Laramie, but |

as at present known the species occurs only
in beds of the Montana group.

The form here described under the new
name Sequoia magnifolia was previously known
from a locality recorded as ‘10 miles northeast
of Greeley,” which would be in the Laramie
area, but there is now strong presumptive
evidence that the species occurs only in the
Fox Hills sandstone. The Greeley specimen
has affinity with a form of Montana age.
The two new species referred to Cephalotaxus
and Podicarpus have no very close relation-
ship with forms already described, though in
some particulars they agree with species from
the older Cretaceous. The species of Rhamnus,
which is the most abundant form in the
collections except the Halymenites, agrees
in certain characters with Rhamnus elegans
Newberry, a species supposed to come from
the” Laramie, but on the whole the two are
very distinct. The Aristolochia is not rec-
ognized as having any very close relatives.
The Viburnum belongs to a small group of
species that range from the Upper Cretaceous
into the lower Eocene, but it is easily sepa-
rated from the others of this group. The frag-
ment of a fern (Anemia) resembles several
well-known Upper Cretaceous forms, but it is
so small as to be of little value. '

From the foregoing review it appears that
this little Fox Hills flora shows distinctly
Upper Cretaceous affinities, being, as might
be presumed from its stratigraphic position,

.occur.
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intermediate between the older floras of the
Montana group and the younger flora of the
overlying Laramie but having a preponder-
ance in its resemblances to the Montana.
There is very little to indicate relationship
with floras of formations younger than the
Laramie—that is, the Lance, Fort Union,
and others—but the number of species is
still far too small to be made the basis of any
very extended generalization.

Ecologically this flora appears to indicate
a much more abundant supply of moisture
than now exists in the region, though this
should naturally follow from the known fact
that it must have been growing near the sea,
and not far above sea level. The meager
data appear to indicate a warm-temperate
climate.

Descriptions of the species are given below.

Halymenites major Lesquereux.

Halymenites major Lesquereux, U. S. Geol. and Geog.
Survey Terr. Ann. Rept. for 1872, pp. 373, 390, 1873;
The Tertiary. flora: U. S. Geol. Survey Terr. Rept.,
vol. 7, p. 38, pl. 1, figs. 7, 8, 1878.

This is undoubtedly the most abundant and
characteristic plant of the Fox Hills sandstone,
in which it has for mahy years been known to
It is, in fact, so uniformly present in
this formation that it is almost diagnostic,
though not quite, for it has been found in com-
parative abundance in beds as old as the Colo-
rado and more sparsely in beds younger than
the Fox Hills, It is most abundant in the
Fox Hills strata, however, and perhaps grew
in a greater degree of perfection during Fox
Hills time. At certain localities on Cannon-
ball River and elsewhere in North Dakota
countless thousands of specimens have been
noted, and it is said to be almost or perhaps
quite as numerous at some places in Colorado.

Anemia sp.
Plate XV, figures 6, 7.

The collection from Wildcat Mound contains
two minute fragments of a fern that with little
doubt belongs to the genus Anemia. As may
be seen from the enlarged figures, they prob-
ably represent only fragments of lateral divi-
sions of a comparatively large frond. They are
cut deeply into linear, sharply toothed, rather
obtuse segments. The nervation is obscure.
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Occurrence: Wildcat Mound, 2} miles south
of Milliken, Colo.; collected by T. E. Williard.

Equisetum sp.
Plate XVIII, figure 2.

The specimen here figured is the only one in
the collections that can reasonably be referred

to Equisetum, and it is so small a fragment

that under ordinary circumstances it would
not be worthy of mention. It appears to repre-
sent the basal part of a segment of a stem pulled
out of the sheath. It is about 2 centimeters in
length and seems to have been nearly 1 centi-
meter in diameter. It is very strongly ribbed,
the number of ribs, so far as can be made out,
being about 12 or 14. It is so fragmentary
that any comparisons between it and described
species would likely be misleading, and it is
left for future exploration to establish its
validity.

Occurrence: Wildcat Mound, 24 miles south
of Milliken, Colo.; collected by T. E. Williard.

Sequoia reichenbachi (Geinitz) Heer.

Sequotia reichenbacht (Geinitz) Heer, Flora fossilis arctica,
vol. 1, p. 83, pl. 43, figs. 1d, 2b, 5a, 1868.

This species is one of the most abundant and
widely distributed forms known in this country,
ranging in age from Upper Jurassic to Upper
Cretaceous and in geographic distribution from
the Atlantic to the Pacific. It is especially
abundant and well developed in the Montana
group, particularly in the Judith River forma-
tion, where it is in many places more numerous
in individuals than all the other forms com-
bined. Its presence in the Fox Hills sandstone
is therefore not a matter of surprise.

Occurrence: Wildcat Mound, 2} miles south
of Milliken, Colo.; collected by T. E. Williard.

Sequoia magnifolia n. sp.
Plate XV, figures 1-3.

Sequota longifolia Lesquereux, The Tertiary flora: U. S.
Geol. Survey Terr. Rept., vol. 7, p. 79, pl. 7, figs.
14, 14a [not pl. 61, figs. 28, 29], 1878.

Geinitzia longifolia (Lesquereux) Knowlton, U. S. Geol.
Survey Bull. 152, p. 28 [in part], 1898,

There appears to be some confusion regard-
ing Lesquereux’s Sequoia longifolia. So far as
can be made out, Lesquereux had specimens
of a long-leaved conifer from Black Buttes,
Wyo., to which it is inferred he gave the
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manuscript name Sequoia longifolia. Before
this name was published, however, specimens
thought to represent the same form were ob-
tained from Point of Rocks, Wyo., and the
name was first published in 1876,' under the
designation ‘‘Sequoia longifolia Lesq., MSS.”
In explanation Lesquereux adds: ‘This species
was already described from Black Buttes speci-
mens.” I can not find that the name was ever
published in connection with descriptions of
the Black Buttes specimens, and it seems that
when Lesquereux’s description of the Black
Buttes material was first published he changed
the name of the long-leaved conifer noted at
that place to Sequoia acuminata.? It is certain
that he nowhere definitely recorded Sequoia
longifolia as coming from Black Buttes, nor
has it since been found there.

If the above interpretation is correct, it
establishes Point of Rocks, Wyo., as the type
locality for Sequoita longifolia and excludes
Black Buttes. The type specimens are the
originals of figures 28 and 29 of Plate LXI of
Lesquereux’s ‘“ Tertiary flora” and are Nos. 73
and 74, respectively, of the -United States
National Museum collections. This disposi-

‘tion, however, leaves the specimen shown un-

der this name in figures 14 and 14a of Plate VII
of the “Tertiary flora’ still to be accounted
for. This specimen is said by Lesquereux to
have come from the ‘“ Haley coal mine, 10 miles
northeast of Greeley, Colo. (A. C. Peale);” it
is No. 61 of the National Museum collections.
I was informed by Dr. Peale that this state-
ment, so far as he was concerned, is in error,
for he did not obtain the specimen and in fact
was never at this locality.  Inasmuch as
Lesquereux points out certain marked differ-
ences between the Point of Rocks and Greeley
specimens .and adds “It may be, therefore,
that these specimens represent different spe-
cies,” it seems justifiable to restrict the name
to the Point of Rocks specimens and such oth-
ers as may be identified with them, and to
consider the Greeley specimen as entitled to
separate standing. '

Up to the present:time, however, the Greeley
specimen has remained unique and the exact
locality has not been identified. According to

1 Lesquereux, Leo, On the Tertiary flora of the North American Lig-
nitic: U. S. Geog. and Geol. Survey Terr. Rept. for 1874, p. 298, 1876.

2 Lesquereux, Leo, On some new species of fossil plants from the
Lignitic formations: U. S. Geol. and Geog. Survey Terr. Bull., 2d ser.,

No. 5, p. 384, Jan. 8, 1876.
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the geologic map of Colorado by R. D. George,
published in 1913, a point 10 miles northeast
of Greeley would be in an area of the Laramie
formation, but now for the first time speci-
mens that can not be distinguished from the
type have been obtained in the Fox Hills
sandstone about this distance southwest of
Greeley. Whether there is any significance in
this circumstance is impossible to say, but the
species has not been recognized in the exten-
sive recent studies of the plants of the Laramie
in the Denver Basin, and it is, to say the least,
uncertain as to whether the Greeley specimen
came from the Laramie or the Fox Hills.

The material here described, which was ob-
tained within about 100 feet of the top of the
undoubted Fox Hills, consists of a dozen or
more specimens of branches and branchlets and
two or three cones. It is all more or less frag-
mentary, the three specimens here figured being
the best. The one shown in figure 2 is indis-
tinguishable from the original Greeley speci-
men. It is a branch about 8 centimeters in
length and 3 millimeters in diameter. The
leaves are broad, linear, rather abruptly nar-
rowed to the base, acuminate at the apex, and
2.5 to 3 centimeters in length. The specimen
shown in figure 3 is 13 centimeters long and
shows the raised bases of the leaves. The cone
(fig. 1) is very fragmentary, but so far as can
be made out it is oblong, the long diameter
being about 4.5 centimeters and the short diam-
eter about 2.5 centimeters. Another speci-
men, too poorly preserved to figure, is very
instructive. It is a thick leafy branch about 7
centimeters long bearing at the apex a cone
that appears to be of about the same size as
the one here figured.

As indicated in the synonymy, Lesquereux’s
Sequoia longifolia was at one time transferred to
the genus Geinitzia, but the position and char-
acter of the cones above described undoubtedly
preclude this reference, for they are not at all
the cones of Geinitzia.

For the reasons set forth above, a new name
has been given to the original Greeley specimen
and the specimens from the Fox Hills sand-
stone identified with it.

Occurrence: About 1 mile northeast of Milli-
ken, Colo., in the SE. + NW.  sec. 1, T. 4 N,
R. 67 W.; probably within 100 feet of top of
the Fox Hills sandstone; collected by T. W.
Stanton, July, 1915.
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Cephalotaxus? coloradensis n. sp.
Plate XV, figure 4.

Branchlets relatively slender, strongly
marked by the leaf bases; leaves apparently
arranged spirally but disposed in a single plane
by torsion of the petioles; leaves linear-lanceo-
late, rather abruptly narrowed at the base to a
short petiole, narrowly acuminate at the apex;
veins three, slender.

Although there are several specimens evi-
dently belonging to this form, they are all so
fragmentary that it is difficult if not impossible
to formulate a satisfactory description of it.
The best specimen is the one figured, and this is
only a fragment of a branch or branchlet 5 or
6 centimeters long and showing not more than
six leaves. The stem is rather slender for the
size of the leaves, though the leaf bases are
prominent. The leaves are about 4 centime-
ters long and about 4 millimeters broad; there
seem to be three nerves or veins, though appar-
ently the specimens show the upper side of the
leaves, and possibly each leaf has a single strong
midrib which, when pressed down and viewed
from the upper side, makes it appear to be
three-ribbed.

The generic reference is uncertain and has
been questioned. The specimens appear to
approach the living Cephalotaxus most closely,
but it will require more and better-preserved
material to settle the question with certainty.

Occurrence: About 1 mile northeast of Milli-
ken, Colo., in the SE. $ NW. } sec. 1, T. 4 N,,
R. 67 W.; collected by T. W. Stanton, July,
1915. .

Podocarpus? stantoni n. sp.
Plate XV, figure 5.

Leaf evidently very thick and leathery in
texture, narrowly lanceolate in shape, slightly
narrowed below to a broad, apparently sessile
base, apparently acuminate at the apex;
nerves five, the middle one a little stronger
than the others, slightly converging in. the
apical portion, outer pair smallest, running into
the margin about three-fourths the length from
the base; space between the nerves finely and
irregularly wrinkled.

This form is represented only by the speci-
men figured, which is a detached leaf now 8.5
centimeters long, but it lacks the apex, which
would probably make the length about 10
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centimeters when complete. The width is
nearly 2 centimeters at the broadest point, not
far above the base. The leaf has the appear-
ance of having been sessile and attached by
nearly half the width, but it is slightly broken
at this point and it may have had a short
petiole.

It is unfortunate that this form must be
described from a single detached leaf, for an
error in interpretation is thus easily possible.

The apex and point of attachment can not be |

determined with absolute certainty, and this
may mean much or little in its correct alloca-
tion. This leaf appears to be referable to the
genus Podocarpus in its broad application,
or better to the section Nageia, which is
sometimes accorded separate generic rank.
Thus, in general appearance this leaf strongly
suggests Nageiopsis longifolia Fontaine,! from
the Potomac group of Virginia and Maryland,
though the latter differs markedly in having a
short, slightly twisted petiole, 9 to 12, usually
10 nerves or veins, and noncoriaceous leaf sub-
- stance. In discussing the genus Nageiopsis
Berry writes as follows:

The diagnostic characters which deserve emphasis are
the branching habit, the persistent leaves, and the small
veins, which do not converge to any great extent in the
apex of the leaf.  All these serve to distinguish the species
of Nageiopsis from the cycadaceous fronds or leaflets with
which they are most likely to be confused.

In view of the incompleteness of the mate-
rial T have decided to refer it to the genus Podo-
carpus with the query, and to wait until better
collections are obtained before fixing its posi-
tion more definitely. It is believed to be
sufficiently well characterized in the above
description and figure to permit subsequent
recognition.

Occurrence: About 1 mile northeast of
Milliken, Colo., in the SE. } NW. 1 sec. 1,
T. 4 N., R. 16 W.; collected by T. W. Stanton,
July, 1915. ‘

Miyrica torreyi Lesquereux.
- Plate XVII, figure 7.

Myrica torreyi Lesquereux, U. S. Geol. and Geog. Sur-
vey Terr. Ann. Rept. for 1872, p. 292, 1873; The Ter-
tiary flora: U. 8. Geol. Survey Terr. Rept., vol. 7, p.
129, pl. 16, figs. 3-10, 1878.

This species was first recorded from Black

Buttes, Wyo., where it was found in beds then

and long afterward regarded as of Laramie
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age but believed by me to be slightly younger
than Laramie. Later, however, it was found
that this species was fairly abundant and widely
distributed in the beds of the Montana group,
occurring, for instance, at Point of Rocks,
Wyo., and in the Vermejo formation at Rock-
vale, La Veta, and Walsenburg, Colo. It is
also present in the Laramie of the Denver
Basin, having been found on Crow Creek about
25 miles southeast of Greeley, Colo. "
The only example noted in the present col-
lections is the fragment figured, which is a
segment from the upper portion of what ap-
pears to be a normal leaf of the species.
Occurrence: Wildcat Mound, 24 miles south
of Milliken, Colo.; collected by T. E. Williard.

Ficus speciosissima Ward.
Plate X VI, figure 3.-

Ficus speciosissima Ward, U. S. Geol. Survey Sixth Ann.
Rept., p. 552, pl. 45, fig. 1, 1886; U. S. Geol. Survey
Bull. 37, p. 39, pl. 21, fig. 3, 1887.

The collection contains several leaves of
this form, the large one figured being not only
the most perfect one but the most complete
leaf in the whole collection. It is believed
to be a small leaf of Ward’s Ficus speciosis-
sima, -differing in being slightly broader in
proportion to the length and not so deeply
heart-shaped at the base. The nervation is
of precisely the same type in both, except as
regards the basal tertiaries.

The specimens also resemble an unnamed
species of Ficus from the Vermejo formation
of southern Colorado and adjacent parts of
New Mexico, but the latter is still smaller and
differs in a number of minor particulars.
They are also very much like what Lesque-
reux ? called Ficus planicostata latifolia, from

‘Black Buttes, Wyo.—in fact, they hardly

differ except in size, the Wyoming leaf being
considerably smaller. It thus appears that
there are several forms to which different
names have been given but which differ only
in minor particulars, and it seems quite pos-
sible that study of a considerable number of
each form, if they can be procured, will show
that they should be combined into a single
species. For the present, however, it seems
best to keep them apart, and on account of
the stratigraphic position of the leaves under
consideration they are regarded as small

L CL. Berry, E. W., Maryland Geol. Survey, Lower Cretaceous, p. 384, -

pl. 61, 1911,

2 Lesquereux, Leo, The Tertiary flora: U. S. Geol. Survey Terr. Rept.,
vol. 7, p. 202, pl. 31, fig. 9, 1878,
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specimens of IFicus speciosissima, slightly
broader and less distinctly heart-shaped than
the type.

Occurrence: Wildeat Mound, 2} miles south
of Milliken, Colo.; collected by T. E. Williard
and T. W. Stanton.

Rhamnus? williardi n. sp.
Plate XVI, figures 1, 2; Plate XVII, figures 1-4.
Ficus sp. Cockerell, Colorado Univ. Studies, vol. 4, p.
152, 1907.

Leaves very thick in texture, ovate-lanceo-
late, slightly unequal-sided, rather abruptly
rounded below to an almost truncate base,
very gradually narrowed above to an acumi-
nate apex; margin perfectly entire; petiole very
strong; nervation exceedingly strong, consist-
ing of a thick, perfectly straight midrib, and
some 15 pairs of nearly as strong secondaries,
which arise at an angle of about 45°, curve
slightly upward, and are camptodrome, each
usually curving just inside the margin and
joining the one next above; nervilles very
numerous, strong, mainly percurrent, and
approximately at right angles to the second-
aries, with finer nervilles dividing the areas
between the main nervilles into quadrangular
areole. Length about 12 to 14 centimeters;
maximum width, not far above the base, about
5 centimeters, though there are several leaves
hardly more than 4 centimeters wide. The
petiole is at least 2 centimeters long, but it is
broken at this point and there is of course no
means of knowing how much longer it was.
On the upper side of the leaf the midrib and
secondaries and even some of the nervilles are
very deeply impressed, and on the under side
they stand out in strong relief.

With the exception of Halymenites this
species is the most abundant form in the col-
lection, though no absolutely perfect leaf was
found. The five leaves selected for illustra-
tion give, however, a very complete concep-
tion of the whole leaf.

To judge from the figure alone this species

would appear to be most closely related to or
perhaps even identical with Rhamnus elegans
Newberry,! from Belmont, Colo. This leaf is a
little smaller and not quite so abruptly truncate
at the base, but in nervation there appears to be
very little difference. The type specimen of
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Rhamnus elegans, however, which is preserved
in the United States National Museum (No.
10958), presents an entirely different aspect.
The nervation is very thin and delicate and the
nervilles are made out with much difficulty.
Concerning it Newberry says:

This is a remarkably neat and symmetrical leaf, both as
regards its outline and nervation. Its lines are all grace-
ful, with little of the rigidity that characterizes the leaves
of most of the Rhamnaces and more of the aspect of the leaf
of a lauraceous tree, but the numerous parallel side nerves,
terminating all in the margins, form a character which the
laurels never have.

Notwithstanding the agreement between the
leaves in outline, disposition of nervation, etc.,
1t is impossible to believe that the two could
belong to the same species. They present a
wholly dissimilar appearance when placed side

" by side.

Some years ago Prof. Junius Henderson, of
the University of Colorado, collected a frag-
mentary leaf from the Fox Hills sandstone at
the mouth of Thompson Creek, just west of
Evans. This leaf was described by Cockerell 2
under the name Ficus sp. nov., but on account
of its fragmentary nature he did not give it
a specific name. His description in part is as
follows: ‘

Leaf large, 12 centimeters in diameter, probably about
24 centimeters long, apparently very thick, with pinnate
veination, and the margin nearly entire, but faintly
undulate, with slightly indicated and remote teeth near
the midrib. Lateral veins (secondary) few, alternate,
* % * Jleaving the middle at an angle of about 45°,
slightly curved, strongly curved upward toward their
ends, where they become parallel with the midrib, finally
branching and failing to reach the margin.

Prof. Cockerell has been kind enough to send
me a photograph of this specimen, which is here
reproduced (Pl. XVII, fig. 4). It shows frag-
ments of three leaves, all evidently of the same
species. So far as can be made out, little if
any of the actual margin is preserved in either
of the leaves, and they do not seem to agree
very well with the description. These leaves
appear to agree, so far as the characters can
be made out, with the specimens collected by
Mr. Williard, and they have been so referred.

The propriety of referring these leaves to
Rhamnus may perhaps be questioned, and con-
sequently the generic reference has been
queried. . '

1 Newberry, J. 8., The later extinct floras of North America: U. 8.
Geol. Survey Mon. 35, p. 117, pl. 50, fig. 2, 1898.

30830°—17—7

3 Cockerell, T. D. A., A new plant (Ficus) from the Fox Hills Creta-
ceous: Colorado Univ. Studies, vol. 4, p. 152, 1907.
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The species has been named in honor of
Mr. Thomas E. Williard, who™ collected the
specimens figured. :

Occurrence: Wildcat Mound, 2% miles south
of Milliken, and Thompson Creek, 1} miles
northeast of Milliken, Colo.; collected by T. E.
Williard and T. W. Stanton.

Aristolochia? coloradensis n. sp.
Plate XVIII, figure 3.

Leaf of large size and very thick in texture,
broadly ovate in general outline; deeply cor-
date, perhaps almost perfoliate at the base, ob-
tuse at the apex; margin entire or very slightly
undulate; nervation very strongly marked,
consisting of a strong, perfectly straight midrib
. and about nine pairs of secondaries, the three
lower pairs opposite and approximately at
right angles to the midrib, the others strongly
alternate, at an angle of about 45° and curved
upward especially above; many of the secon-
daries, especially in the lower part of the leaf,
are forked near or above the middle and pro-
duce first a series of very large veins, then a
smaller series outside; nervilles very prominent,
oblique to the secondaries, mainly broken
though occasionally percurrent; finer nervation
not preserved. Length about 10 centimeters;
width about 11 centimeters. -

This large and very strongly marked species
is represented only by the specimens figured.
It is so curled and wrapped around that it
could not be photographed and has been drawn
with pen and brush as well as it could be made
out. The peculiar branching of the seconda-
ries, especially in the lower part of the blade,
is well brought out in the figure. The large
loops with the smaller ones outside, as well as
the numerous strong nervilles, are also well
shown.

There is some uncertainty about the proper
generic reference of this large and well-marked
leaf, hinging mainly on the interpretation of
the basal configuration. If it is merely very
deeply heart-shaped it may well enough belong
to the genus Aristolochia, being, for instance,
not greatly unlike A. cordifolia Newberry,!
especially in the manner of forking of the lower
secondaries with the large loops outside.
Aristolochia cordifolia, as its specific name im-

t Newberry, J. 8., The later extinct floras of North America: U. S.
Geol. Survey Mon. 35, p. 90, pl. 60, fig. 4, 1898,
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plies, is deeply cordate at the base and is also
markedly unequal-sided.

If, on the other hand, the base is really per-
foliate it would suggest certain species of Pro-
tophyllum that form a conspicuous element in
the flora of the Dakota sandstone. -These
species, however, are usually very different in
general outline and also usually have a more or
less incised margin. On the whole, it seems
best to place this leaf under the genus Aristo-
lochia with a query. Its characteristic features
are so distinct that it can be readily identified
if found again and thus must prove a valuable
stratigraphic marker.

Occurrence: About 24 miles south of Milli-
ken, Colo., in sec. 24, T. 4 N, R. 67 W.; col-
lected by T. W. Stanton, July, 1915.

* Viburnum vulpinum n. sp.
Plate XVIII, figure 1.

Leaf very firm in texture, nearly circular in
outline, slightly heart-shaped at the base, ap-
parently obtuse and rounded at the apex;
margin not preserved but presumably dentate;
nervation very strongly marked, consisting of
a nearly straight’ midrib and about five pairs
of secondaries, the lower pair opposite and the
others strongly alternate, the lower ones with
several stong tertiary branches on the lower
side, and all but the extreme upper ones with
some tertiary branches; nervilles very strong,
mainly unbroken and at right angles to the
secondary or tertiary branches between which
they run; finer nervation not retained.

This species is represented only by the ex-
ample figured, which is nearly perfect except
that it lacks the extreme margin. It is nearly
circular in shape, being about 9 centimeters long
and 8 centimeters wide. It is apparently cras-
pedodrome and presumably ended in marginal
teeth of some kind, but this feature can not be
ascertained from this specimen.

This species seems undoubtedly to be con-
generic with Viburnum antiqguum (Newberry)
Hollick, or Viburnum tilioides, as it was called
by Ward,? a species abundant and widely dis-
tributed in the Fort Union formation. The
Fox Hills leaf differs from this, however, in
having the fewer secondaries at a more acute

3 Ward, L. F., Synopsis of the flora of the Laramie group: U. 8. Geol.
Survey Sixth Ann. Rept., p. 556, pl. 61, figs. 1-7; pl. 62, figs. 1-6, 1886;
Types of the Laramie flora: U. S. Geol. Survey Bull, 37, p. 107, pl. 50,
figs. 1-3; pl. 51, figs. 1-8; pl. 52, figs. 1, 2, 1887,



FLORA OF FOX HILLS SANDSTONE.

angle and more curved upward, but the size and
general appearance are much the same in both.
The margins can not be compared.

Among living species both the present form
and the Fort Union species appear to find
their closest relationship with the European
Viburnum lantane Linné and the indigenous
American Viburnum lantanoides Michaux.

Occurrence: Wildcat Mound, 24 miles south
of Milliken, Colo.; collected by T. E. Williard.

Phyllites cockerelli n. sp.
Plate XVII, figures 5, 6.

The collection contains a number of small
organisms that on casual inspection were
thought to represent the sheaths of Equisetum,
but more careful study discloses that they can
not possibly belong to that genus. They are
funnel-shaped and, so far as can be made out,
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entire below. Diameter 5 or 6 millimeters
below and 15 or 20 millimeters above. They
are very strongly ribbed; the ribs are simple
or apparently in part forked, and each rib or
branch is prolonged into a long, very slender
spinelike projection. The number of these
spines can not be made out, though apparently
there are more than 10.

The affinity of these organisms has not been
recognized. In some ways they suggest a
stipular growth, and they also resemble a per-.
sistent, spiny calyx, such, for instance, as in
certain Labiate®e and Malvacez, but these
resemblances are probably purely superficial.

The species is named in honor of Prof. T.D. A.
Cockerell, of the University of Colorado. ,

Occurrence: Wildcat Mound, 24 miles south
of Milliken, Colo.; collected by T. E. Williard
and T. W. Stanton



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 98 PLATE XV

Ficures 1-3, SEQUOIA MAGNIFOLIA N. SP.; 4, CEPHALOTAXUS!? COLORADENSIS N. SP.;
5,. PODOCARPUS? STANTONI N. SP.; 6, 7, ANEMIA SP. X 3.



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 98 PLATE XVI

Fiaures 1, 2, RHAMNUS? WILLIARDI N. SP.; 3, FICUS SPECIOSISSIMA WARD.




U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 98 PLATE XVII

Fieures 1-3, RHAMNUS? WILLIARDI N. SP.; 4, RHAMNUS? WILLIARDI N. SP., TYPE OF FICUS SP.
COCKERELL; 5, 6, PHYLLITES COCKERELLI N. SP.; 7, MYRICA TORREY| LESQUEREUX.




U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 98 PLATE XVIIi

3

Fiaure 1, VIBURNUM VULPINUM N. SP.; 2, EQUISETUM SP.; 3, ARISTOLOCHIA? COLORADENSIS
N. SP.




A RECONNAISSANCE OF THE ARCHEAN COMPLEX OF THE GRANITE
GORGE, GRAND CANYON, ARIZONA.

By L. F. Nosre and J. Frep. HuNTER.!

INTRODUCTION.

The field work upon .which this article is
based was done in March and April, 1914.
From Garnet Canyon, near the west end of the
Granite Gorge, the route followed the Tonto
trail along the so-called lower plateau, or
Tonto platform, to Red Canyon, at the east
end of the Granite Gorge. The distance cov-
ered was ronghly 100 miles measured along the
trail, or about 40 miles measured along the
course of Colorado River. Supplies were car-
ried by pack burros, and Mr. John Walthen-
berg acted as packer and guide. Stops of sev-
eral days each were made at Garnet Canyon,
Copper Canyon, Bass Canyon, Serpentine Can-
yon, Ruby Canyon, Turquoise Canyon, and
Slate Creek, in the Shinumo quadrangle;
Boucher Creek, Hermit Creek, Salt Creek, Pipe
Creek, Lone Tree Canyon, and Grapevine
Creek, in the Bright Angel quadrangle; and

Cottonwood Creek, Hance Creek, and Red Can-

yon, in the Vishnu quadrangle.

TFrom Hermit Creek eastward the Tonto trail
is often traveled by tourists and was known to
be in fairly good shape. The western part of
the trail, however, between Hermit Creek and
Bass Canyon, was not known to have been used
by any party with pack animals since 1905,
when the Shinumo quadrangle was topographi-
cally surveyed, but progress over it was made
with little difficulty. At only one place was
it impossible to pass without unloading the
pack animals. This was at the head of the
small canyon just east of Serpentine Canyon,
in the Shinumo quadrangle, where a flood and
landslide had carried away the narrow ledges

1 Field work by Mr. Noble; microscopic study of rocks by |.

Mr. Hunter. .
27These three quadrangles have been mapped by the United
States Geological Survey.

of Bright Angel shale on which the trail passes
around the head of the canyon. Except Bass
trail and the trail built by Mr. Bass between
Bass Canyon and Copper Canyon, there is now
very little west of Hermit Creek that can prop-
erly be called a trail. The traveler will find
the Geological Survey’s topographic maps of
the greatest value in making this part of the
trip, because, although nearly all traces of a
trail have disappeared, the route marked on
the maps as the Tonto trail still shows the most
feasible way along the Tonto platform.

It was thought that there would be difficulty
in finding water in many of the side canyons
where it was proposed to camp, because most
of them do not contain living streams, and
the intermittent underground flow derived
from the melting snows on the sheltered slopes
high under ‘the south rim rarely lasts long
after the opening of spring. While the beds
of most canyons proved to be dry for the
greater parts of their courses, whether on bed-
rock or on gravelly waste, water was always
found flowing for a few hundred yards where
the stream courses cross the upper layers of the
cliff-making Tapeats sandstone. Most of the
camps were made at this level and proved to
be equally convenient for the examination of
the Archean rocks below the camps and the
Paleozoic rocks above, up to the base of the
Redwall limestone. During April the small
flow of water was constantly diminishing, and
it seemed unlikely that there would be any
flow whatever by June. It was evident that
in any part of the year except early in spring
camps at intervals so short and in places so
conveniently situated would be impossible.

The chief object of the excursion was the
study and areal mapping of the Algonkian and
Paleozoic formations of the southern wall of
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the Grand Canyon in the Kaibab division. De-
tailed sections of the Tonto group were made
in seven places at intervals of 5 or 6 miles, and
particular attention was given to the interest-
ing unconformity at the summit of the Tonto
group, where the Devonian is present in some
places and lacking in others. Three sections
of the Carboniferous formations were made,
one in each quadrangle. Parts of the three
quadrangles were mapped in detail, including
all of the Bright Angel quadrangle south of
the Granite Gorge, all of the Shinumo quad-
rangle south of the Granite Gorge as far west
as Garnet Canyon, and all of the Vishnu quad-
rangle south of the Granite Gorge and west of
Red Canyon.

SHORTER CONTRIBUTIONS TO
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'are unknown. It was realized that if the
Archean could be examined at short intervals
through the Granite Gorge it would at least
be possible to determine definitely the petro-
graphic character of many of the rocks, and a
foundation would be laid for future detailed
study. Something might also be learned of
their origin and structure. It was therefore
decided to make this reconnaissance, and the
results are set forth in the present paper. A
‘second paper will be devoted to the detailed
discussion of the Paleozoic rocks, and another
to a description of the faults in the Grand
Canyon on the south side of the river. The
location of the known Archean rocks in the
Grand Canyon is shown in figure 9.

(Kanab

1P

o

25 50 -16 Miles

FicUrE 9.—Key map of northwestern Arizona showing location of exposures of Archean rocks in the Grand Canyon.

I,

Granite Gorge of Kaibab division (described in this paper); II, Lower Granite Gorge; I1I, Granite Gorge of Shivwits

division.

It had not been intended originally to make
any examination of the Archean rocks, because
an adequate study of their character and struc-
tural relations would take at least as much
. time as the writer had plannéd to devote to
the entire trip. On arrival in the canyon, how-
ever, it was found that it would not be difficult
to get down to the Archean from camp in each
of the larger side canyons and devote a part of
the time spent in each camp to the study of
these rocks. Geologic literature concerning
the Archean complex of the Grand Canyon is
very meager, and even the fundamental facts
of the lithology and distribution of the rocks

GEOGRAPHY.

Three elements in the topography of the
Grand Canyon below the Redwall in the Kai-
bab division that are important to the geologist
who wishes to study the Archean are the Tonto
platform, the Tapeats cliff, and the Granite
Gorge. All are intimately related to geologic
structure.

The Tonto platform, locally misnamed the
“lower plateau,” is the wide ledge left in the -
interior of the canyon by the wasting back of
the relatively weak Bright Angel shale from
the summit of the underlying resistant Tapeats
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sandstone.r It affords the only possible route
of travel through the interior of the canyon on
land. )

The Tapeats cliff is the outcropping edge
of the resistant Tapeats sandstone below the
Tonto platform. It is wonderfully persistent,
averages 300 feet in height, and is the chief
obstacle that bars the way to the Archean
rocks. o

The Granite Gorge (see Pl XIX) is the
deep, narrow V-shaped canyon which Colorado
River has cut in crystalline Archean rocks be-
low the Tapeats sandstone. Descending into
it, the traveler leaves the wide outer canyon,
whose walls are carved in horizontal Paleozoic
strata, and enters what is geologically and
scenically another world. At the base of the
Tapeats cliff a great unconformity of erosion
separates the Paleozoic beds from the two
underlying systems of rock—the Archean crys-
talline rocks and the Algonkian Grand Canyon
sediments, which are inset in the Archean in
places by block faulting. The-change in scen-
ery is no less abrupt than the change in geo-
logic structure. The sides of the Granite
Gorge, carved in Archean rocks, descend to
the river in steep, bare slopes whose surface
is jagged and chaotic in the extreme.

The Granite Gorge is about 40 miles long,
measured along the course of Colorado River,
and runs from southeast to northwest. The
average width between the inclosing cliffs of
Tapeats sandstone is perhaps 2,000 feet, and
the average depth, measured from the base of
the Tapeats cliff to the river, about 800 feet.
At irregular intervals of a mile or so tribu-
tary gorges are cut back into the Tonto plat-
form. Most of these do not expose the Archean
rocks far back from the main gorge of the
river, but some of the larger ones expose them
for several miles. The upper end of the Gran-
ite Gorge begins abruptly in the Vishnu quad-
rangle near the mouth of Red ‘Canyon, where
the river flows southwestward out of great
masses of Algonkian strata that dip steeply

- northeastward upstream. It ends gradually in

the Shinumo quadrangle below Garnet Can-
yon, where the. river flows southward across a
broad zone in which the Paleozoic strata dip

1The Tapeats sandstone is the basal formation of the
Tonto group of strata, of Cambrian age, which comprises the
Tapeats sandstone, _Brlght Angel shale, and Muav limestone.
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southwestward; as the dip of the strata is
greater than the grade of the stream, the river
bed is gradually carried out of the Archean
rocks into. the overlying Tapeats .sandstone.

The inaccessibility of the exposures of Ar-
chean rocks and the extreme ruggedness of the
topography in the Granite Gorge are the
chief obstacles to geologic study. The sheer,
high cliff of Tapeats sandstone along the rim
of the gorge is, In most places, an impassable
barrier to descent from the Tonto platform,
and there are only three situations in which it
has broken down enough to allow the traveler
to reach the Archean—(1) at the heads of
tributary gorges, where it is cut by stream
erosion; (2) in places where a hill or “ monad-
nock” of Archean or Algonkian rock rises
through the sandstone and excludes it; (3)
where a line of faulting crosses the sandstone
and shatters it. The most numerous breaks are
those caused by stream erosion at the heads of
tributary gorges. Once the Archean rocks are
reached progress is exceedingly difficult and
slow, except in the beds of' the larger tribu-
tary canyons, and it is impossible to travel
very far along the edge of the river, because
the walls rise steeply from the water.

The exposure of Archean rocks in the Gran-
ite Gorge is so small a part of the vast areas
buried under Paleozoic and later strata north
and south of the canyon that the chance of de-
ciphering much of the structure from it would
be remote were it not for the fact that the
northwest course of Colorado River crosses at
right .angles the dominant trend of nearly all
the structural features in the Archean. Thus
the Granite Gorge is a magnificent 800-foot
cross section 40 miles in length. The difficul-
ties incidental to the roughness of the topog-
raphy are largely compensated, for the geolo-
gist, by the clearness with which the structure
is revealed in the bare slopes.

PLAN OF INVESTIGATION.

The method of study followed was to de-
scend to the Archean rocks in every side can-
yon where a camp was made and in any other
place that could be reached by detour when
moving from one camp to another. Twenty
localities were visited in traveling the length
of the Granite Gorge. The distance between
them ranged from three-tenths of a mile to
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4 miles, but the average interval was about 2
miles. At these localities 67 hand specimens
were collected, and thin sections were cut.from
48 of them. Eight distinct groups of rocks
were crossed in exploring the Granite Gorge,
as set forth in the accompanying table. (See
also fig. 10.) In this table and the following
discussion the localities and groups of rocks
are numbered in the order of their occurrence
from west to east.

SHORTER CONTRIBUTIONS TO GENERAL .GEOLOGY, 1916,

vailing strike of the gneissoid banding is N.
60° E. and the dip nearly vertical. In places
between Garnet Canyon and Walthenberg Can-
yon the strike becomes northwesterly. Here
and there the gneiss is greatly mashed and con-
torted. The commonest type of gneiss is horn-

blende gneiss (metamorphosed quartz diorite,

specimen No. 3), and there are some bands
of a very dark hornblende schist (amphibolite,.
No. 4). A quarter of a mile below the mouth

T nge

POWELL.
ZePLF -

PLATEAU| .}

COCONINO
N
)
&
ot

GRAND

R — Rim of Grand Canyon
<«— Arrows point to approximate

e

LEGEND

Archean rocks

locations of boundaries between
the groups of Archean rocks

3 i

15 MILES

1n2°

Fi1cure 10.—Map of Kaibab division of Grand Canyon, Ariz., showing distribution of Archean rocks and localities where

the rocks were examined.
follows : A, Shinumo ; B, Bright Angel; C, Vishnu.

Quadrangles mapped by United -States Geological Survey are indicated by outline letters as
Localities examined: A, Garnet Canyon;

B, Walthenberg Can-

yon; C, Copper Canyon; D, Shinumo Creek; E, White Creek; F, Flint Creek; G, Cable Crossing; H, Bass Canyon;
I, Serpentine Canyon ; J, Ruby Canyon ; K, Turquoise Canyon; L, Slate Creek; M, Crystal Creek; N, Boucher Creek;
O, Hermit Creek; P, Salt Creek; Q, Pipe Creek; R, Bright Angel Creek; S, Clear Creek; T, Lonetree Canyon; U,
Boulder Creek; V, Grapevine Creek ; W, Cottonwood Creek; X, IIance Creek; Y, Mineral Canyon; Z, Red Canyon.

 THE ROCKS.

GROUP I. GNEISSES, AMPHIBOLITES, AND
GRANITE. :

From the west end of Granite Gorge to the
mouth of Walthenberg Canyon, a distance of
about 6 miles, the rocks are banded gneisses
cut by pink intrusives. The gneisses are of
several types and occur in parallel bands which
range in width from a few feet to over 300

feet. From Garnet Canyon westward the pre- |

of Garnet Canyon there is a 50-foot band of
biotite-chlorite gneiss (No. 5) containing nu-
merous garnets about the size of a pea, from
which Garnet Canyon was named. Within
Garnet Canyon an intrusive body of pink
granite (No. 6) is the prevailing rock.

The pink intrusive rocks that are associated
with the gneisses are granite, aplite, and peg-
matite. The granite is a medium-grained even-

textured rock which consists essentially of

quartz, microcline, soda plagioclase, muscovite,



Archean rocks epamined in Granite Gorge, Grand Canyon, Ariz.

' ’ Distance Nos. of specime 1 gt%pr?ximate
Localities where the Archean rocks were examined | between - O Specimens ; engih of exposure,
Quadrangle. and specimens collected (reading from west to east). | localities sfercot?l which tlm; Group. | Predominant type of rock. bm(;zlalsured rougfhlgf
(miles). . ons were cut. y the course of the
river (miles).a
1. Gorge of Colorado River from mouth of Garnet Hornblende gneiss, granite
-Canyon to a point 1 mile south........... .. ....ooLLlL 3,4,5 1 gneiss, and amphibolite 6
2. Garnet Canyon (0.2 mile east of mouth)........_. 1.0 6 (much injected granite and
pegmatite).
3. Gorge of Colorado River 0.5 mile southwest of »
mouth of Copper Canyon...................... 2.9 ) . : ‘s
4. Copper Canyon (near mine)..................... .3 i 1,2 11 Mlcaé‘nis‘;h;i;d (sgm eatilbxg)ected 4.2
) 5. Gorge of Colorado River at Cable Crossing. ... ... 1.9 8 gt pegm :
Shinumo.
6. Bass Canyon (nearmouth). . ................... .4 ¢ ; . . s .
7. Serpentine Canyon (head of inner canyon to river). 1.6 9,10,11 | IIT Mﬁvie%aﬂg mi;zg:;\)res (some 4.5
8. Ruby Canyon (0.8 mile southwest of mouth)..... 1.7 13 jected peghn :
Metabasite and metadiorite
9. Turquoise Canyon (0.6 mile southwest of mouth). 2.4 15,16,17,18, 20 v (much injected granite and 2
pegmatite).
10. Slate Creek (1 mile southwest of mouth)........ 2.9 | . 22,23,24, 25,26, 27 Mica schist- (little injected 5.7
. . v granite and pegmatite in :
11. Boucher Creek (0.7 mile southwest of mouth)... 1.5 31, 32,33,34 eastern part; much in west- |
: ern part).
12. Hermit Creek (head of inner canyon to river). .. 1.9 " 35,38, 39,40 Granite gneiss and amphibo- .
Bright Angel. 13. Salt Creek (0.7 mile southeast of mouth)........ 2.7 45, VI lite (much injected granite 10.4
14. Pipe Creek (0.8 mile south of mouth).......... 2.7 49, 50 and pegmatite). B
15. Lonetree Canyon (0.5 mile southwest of mouth). 4.0 53, 54 Micaschist (little injected gran-
16. Boulder Creek (0.7 mile southwest of mouth).... 1.2 Q) VII ite and pegmatite in western 3.5
17. Grapevine Creek (1.6 miles southwest of mouth). 1.5 56, 57 part; much in eastern part).
18. Camyorcn1 0.7 mile southeast of mouth of Cotton- .
wood Creek. ........................ el . 2.7 60, 61 . : .
Vishnu. 19. Hance Creek (1.5 miles southwest of mouth). ... 1.4 62,63 | VIII Gra%tgnazlcsls (?ucali;trg)ected 3.7
20. Gorge of Colorado River from mouth of Mineral 8T pegmatite).
Canyon to end of Granite Gorge.............. 1.7 64, 65, 66, 67

a Distance in straight line between east and west ends of Granite Gorge, 31 miles; by course of river, 40 miles.

b No thin sections.

¢ See U. S. Geol. Survey Bull. 549, pp. 32-37, 1914.
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and biotite, named in the order of decreasing
abundance. The aplites and pegmatites con-
sist as a rule of quartz, microcline, and musco-
vite, but in places the muscovite is absent.

Apparently the pink intrusives comprise
from one-fourth to one-third of thé rocks of
Group I, but the proportion varies consider-
ably from place to place and may be actually
much less. Some of them are in sheets parallel
with the bands of gneiss. Others, chiefly gran-
ites, are in irregular bodies that cut the gneisses.
In places the granite in these bodies grades
into pegmatite. Still others, chiefly pegma-
tites, are in dikes that cut both the gneisses and
granites.

° Petrography of specimens.t

No. 8. Hornblende gneiss (probably a metamorphosed
quartz diorite).—The rock in hand specimen is gray,
well banded, and medium grained and contains a con-
siderable amount of quartz in crystals larger than the
other mineral constituents. In thin section the
gneissoid character is less conspicuous, the rock hav-
ing a seriate porphyroid fabric in which the indi-
vidual crystals average about .1 millimeter in the
longest direction, although the quartz crystals may
be as much as 4 millimeters. Quartz, plagioclase,
hornblende, and orthoclase are the essential mineral
constituents named in the order of decreﬁsing abun-
dance. The quartz occurs in large irregularly shaped
crystals which interlock with and in places include
the other constituents. It also contains numerous
microscopic inclusions whose character has not been
determined.” The quartz crystals have no uniformity
of orientation, although some of them, particularly
those cut at a small angle to the principal optic axis,
show undulatory extinction as an evidence of strain-
ing. The plagioclase has the composition of andesine
(about AbeAns), is usually twinned after the albite
law, and is partly altered to sericite. Orthoclase is
thought to be present in small amounts but is very
much altered. The hornblende crystals are of deep
color, showing pleochroism in greens and yellows, and
for the most part are arranged with their ¢’ axes
parallel. There is a small amount of leached biotite
which is altering to epidote and a reddish mineral
thought to be chlorite. The section also contains iron
oxides, apatite, zircon, epidote, and titanite in acces-
sory amounts. The rock may have been metamor-
phosed from a granodiorite or a quartz diorite.

No. 4. Hornblende schist or amphibolite.—The speci-
men is fine grained, black, and schistose. Little else
but hornblende can be discerned with the unaided
eye. Under the microscope a thin section cut nearly
parallel to the schistosity exhibits a seriate fabric in

1The thin sections were studied microscopically by J.
Fred. Hunter in April, 1915. Only the chips from which
the thin sections were cut were available for megascopic
study.
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which very few of the individual crystals ave as
much as 1 millimeter in longer dimension. Miner-
alogically the rock consists essentially of hornblende,
quartz, and feldspar (altering to sericite), named in
about the order of decreasing abundance. The feld-
spar is almost entirely changed to sericite, which is
nearly as abundant as the quartz. Epidote and sericite
occur in narrow veinlets cutting the other minerals
and in small grains associated with hornblende.
Titanite is the commonest accessory, but iron oxides.
apatite, and zircon, in microscopic size, are also
present. )

No. 5. Biotite-chlorite gneiss, or schist.—This is -
a dark-green medium-grained micaceous rock, not
well lamellated. Its degree of metamorphism is not
apparent from the small hand specimen examined.
Mineralogically the rock consists essentially of quartz,
biotite, chlorite, epidote, sericite, feldspar, and garnet,
displaying seriate fabric in thin section in which the
-grains are as much as 3 millimeters in longer dimen-
sion and average about 1 millimeter, The thin sec-
tion shows little evidence of schistosity or metamor-
phism of the deeper and regiona” type. However,
the rock has suffered certain profound changes which
probably are due more to thermal agencies than to
dynamic metamorphism. Thus the feldspars, which
apparently were in large part plagioclase, are altered.
‘to sericite and chlorite. Some of the chlorite, par-
ticularly that which has replaced feldspar, is greenish,
but other areas of it are yellow. The yellow variety
occurs as pseudomorphs, the original nature of which
can not be determined, although the shape of the
individuals suggests that they may have resulted from
‘rhombic pyroxene. The epidote occurs in subhedral
to euhedral grains and shows noticeable pleochroism
in pale yellows to light browns. Fine grains of mag-
netite and even larger crystals of apatite are abun-
dant. This band may represent a relatively late in-
trusion into the metamorphic complex.

No. 6. Granite gneiss.—Pink medium-grained gran-
ite, the small hand specimen of which suggests a
more or less gneissoid character. Mineralogically the
rock consists -chiefly of quartz, microcline, ortho-
clase, soda plagioclase, muscovite, biotite, and iron
oxides, named in order or decreasing abundance.
The individual crystals are allotriomorphic, average
about 1 millimeter in diameter, and are arranged in
a seriate porphyroid fabric as seen in thin section.
The rock is relatively fresh, although the feldspars,
particularly the orthoclase and soda plagioclase, con-
tain a large amount of finely divided ferritic material,
which gives them a dirty reddish-brown appearance
in transmitted light. The muscovite is largely second-
ary, as are also small quantities of sericite, chlorite,
epidote, and most of the iron oxides. Apatite occurs
as an accessory. .

GROUP II. MICA SCHIST.
From the mouth of Walthenberg Canyon
to a point about half a mile east of the mouth

of Shinumo Creek, a distance of 41 miles, the
rocks are rather fine grained dull reddish or



ARCHEAN COMPLEX OF GRANITE GORGE, GRAND CANYON, ARIZ.

pinkish mica schists which are cut in places
by dikes of pink pegmatite. One of these dikes
in Copper Canyon is over 200 feet wide. In
general, however, the amount of intrusive rock
is small and the schist is free from it over
large areas, particularly in the western part
of the exposures.

The schist is rather homogeneous in compo-
sition. Specimen No. 1, from Copper Canyon,
represents the prevailing type of rock. In
places where the schist is' not too intensely
crumpled and mashed, there are numerous
alternating bands a few feet in width in which
the rock becomes denser, finer grained, and
more quartzose in appearance and changes in
color from pinkish to gray. In the field the
character of this banding strongly suggests an
original sedimentary bedding. Specimen No.
2, from Copper Canyon, is the schist from one
of these bands of denser rock.

The areas of schist that exhibit this obscure
banding are in the western part of the ex-
posures, extending from Copper Canyon to
Walthenberg Canyon. Here the prevailing
strike of the banding is northwesterly and.the
dip from 45° to 75° NE., both corresponding
in a general way with the strike and dip of the
schistosity. If the banding represents an origi-
nal sedimentary bedding and if there is no
duplication by folding or faulting, the exposed
thickness of the series can not be less than 5,000
feet and is probably much greater.

East of Copper Canyon, near the contact of
the schist with the quartz diorite of Group ITI,
there is a great deal of local twisting and con-
tortion in the schists and they are injected with
pink feldspar and milky quartz in veins and
lenses. In this area the strike of the schistosity
is approximately N. 20° E. and the dip nearly
vertical. The schist contains a great deal of
pink feldspar and some black tourmaline and
in places is rather coarse in texture. - Specimen
No. 8 is a piece of this schist obtained near the
Cable Crossing.

Petrography of specimens.

No. 1. Mica schist.—Gray, with pinkish tones; yel-
low on weathered surface. Mica and quartz indi-
viduals are easily distinguishable with the unaided
eye. The rock has doubtless been entirely recrystal-

lized during the process of metamorphism, so that no .

trace of the original structure remains. In a thin
section, cut oblique to the cleavage of the rock, the
schistosity is indicated by the parallel arrangement
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of the micas, which average 0.5 millimeter in length,
whereas the other constituents average approximately
0.3 millimeter across and a few individuals are as
much as 1 millimeter. The mineral composition of the
rock may be represented approximately as follows:
Quartz>> biotitez muscovite 2 feldspar>> iron oxides,
with accessory apatite, zircon, and garnets. The
quartz occurs in subequant anhedral grains and is
commonly filled with numerous inclusions of mica,
apatite, and minute specks whose character has not
been determined. The feldspar is likewise anhedral,
is altered to sericite and in some places to kaolin,
and generally has a lower index than that of quartz.
It probably makes less than 15 per cent of the rock.
So far as the mineral content is concerned the schist
may have been derived from the metamorphism of a
shaly arkosic sandstone or equally well from an
igneous rock having the general composition of
granite.

No. 2. Mica schist.—Gray, more compact, and less
micaceous than No. 1, but otherwise differing very
little, though it is finer grained and the micas are
smaller and less conspicuous, giving it a more
quartzose appearance. Its mineral constitution is the
same, and apparently it has about the same amount
of feldspar, which appears to be orthoclase or soda
plagioclase. .

These rocks resemble pre-Cambrian rocks from the
Black Canyon of Gunnison River, in Colorado." The
microscopic study does not give conclusive evidence as
to their origin.

No. 8. Muscovite schist.—Pinkish gray, with silvery
sheen in certain light; very micaceous and fissile. The
specimen indicates more or less weathering. In a
section cut transverse to the cleavage of the rock
the parallel arrangement of the micas, which average
0.6 millimeter in length, brings out the schistosity
strikingly. The other constituents are allotriomor-
phic, are equant to subequant, and average 0.2 milli-
meter in diameter. The mineral composition of the

"schist may be represented approximately as follows:

Quartz > feldspar 2muscovite %biotite (ferritized) >
iron oxides, with accessory ~apatite, and
garnets. :
The feldspar, being badly stained with iron oxide,
which gives it a reddish-brown ‘color, is easily dis-
tinguishable from the clear quartz and makes up
approximately 20 per cent of the rock. It has a low
index and appears to have been in part orthoclase,
which was somewhat altered to sericite before it was
stained by weathering. The biotite likewise is iron-
stained and nearly opaque. This rock differs from
Nos. 1 and 2 in texture, but is similar in composi-
tion, aIthough the degree of weathering has empha-
sized the abundance of the feldspars. )

zircon,

In addition to the exposures in the Granite
Gorge there is an area of the schists in the
Shinumo Amphitheater, on the northeast side

1A report on the' Archean rocks of the Black Canyon

1 region, by J. F. Hunter, is in preparation.
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of the West Kaibab fault, 2 miles northeast of

the mouth of Shinumo Creek. It extends about
3 miles southeastward in the inner canyons of
White, Shinumo, and Flint creeks and a mile
northeastward up the canyon of Shinumo
Creek. This area of schists was visited in
1908, in the course of a study of the Algonkian
strata of the Shinumo quadrangle, and a few
specimens of the chief types of rock were col-
lected from which thin sections were made.*

Three types of schist were recognized—(1)
quartz-mica schists which, in general aspect,
resemble the mica schists of the Granite Gorge,
above described, and which may contain feld-
spar, though the two thin sections studied
show little or none; (2) fine-grained quartz-
hornblende schist, consisting of about equal
proportions of quartz and green hornblende;
(8) hornblende schist, consisting almost en-
tirely of green hornblende, which occurs in a
narrow outcrop with sharp boundaries and
apparently represents a body of metamor-
phosed igneous rock of a basic type.

No definite hypothesis as to the origin of the
quartz-mica and quartz-hornblende schists was
entertained, - because no detailed study was
made of the Archean rocks in the field, but the
large amount of quartz in the schists suggested
a sedimentary origin.

The contact between the gneisses of Group I
and the schists of Group II near Walthenberg
Canyon was not examined on the present trip,
because there was no break in the Tapeats cliff
that would permit descent to the Archean
within several miles of the contact. Seen from
above it appeared to be a rather sharp line
crossing the Granite Gorge from northwest
‘to southeast and was thought to be a fault.

GROUP III. MASSIVE BASIC INTRUSIVE ROCKS.

From a point near the Cable Crossing to a
point about 1 mile southeast of the mouth of
Ruby Canyon, a distance of 43 miles, the rocks
are all coarse granular massive igneous rocks
in which no gneissoid banding or schistosity
was observed in the localities visited. For
at. least a mile up the river above the Cable
Crossing the rock is a coarse-grained quartz
diorite which is intrusive in the schist of
Group II. This quartz diorite was examined

1 Noble, L. F., The Shinumo quadrangle, Grand Canyon dis-
trict, Ariz, : U, S. Geol. Survey Bull. 549, pp. 32-35, 1914,
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in 1908 near the mouth of Bass Canyon and
has been described as follows:

The quartz diorite in the river gorge east of Cable
Crossing is a coarse-grained, dense, resistant rock of
typical granitic texture, which tends to weather into
roughly angular blocks and thus to assume forms that
distinguish it in the mass from the Vishnu schist.
It is dark gray, looks remarkably fresh, and contains
visible particles of white striated feldspar, dark horn-
blende, and glistening black biotite. The rock is uni-
form in texture throughout the exposures observed,
is apparently without contact modifications, and
shows no gneissoid banding.

Under the microscope it is seen to be a coarse-
granular rock of granitic texture. Its dominant
mineral constituents are plagioclase and common horn-
blende, the plagioclase ranging from oligoclase to
labradorite. Microcline, orthoclase, and quartz are
present in about equal proportions, but their total
amount does not equal that of the plagioclase.

-Brown biotite appears in somewhat less quantity

than the hornblende, and titanite and magnetite are
accessories. Occasionally the quartz is poikilitic in
the orthoclase. The feldspathic and ferromagnesian
mi_nerals occur in about equal proportion. The micro-
scope reveals no cataclastic structure nor other evi-
dence of dynamic action, and the minerals are fresh
and unaltered.

In 1908 the rocks of the Granite Gorge
were not examined beyond a point 1 mile up
the river from the Cable Crossing. It could
be seen clearly, however, that they are massive
igneous rocks at least as far as the mouth of
Ruby Canyon. All the rock in the Granite
Gorge between Bass Canyon and Ruby Canyon
was .therefore mapped as intrusive quartz
diorite, but the statement was made in the
text of Bulletin 549 that the eastern limit of
the diorite had not been located, and the east-
ern part of the exposure was indicated on the
geologic map as outlines by a reconnaissance
survey. :

- On the present trip, when what was supposed

| to be the quartz diorite was examined in Ser-

pentine Canyon, the next canyon up the river
from Bass Canyon where access to the Archean
was possible, the rock was found to be a gray
porphyritic hypersthene gabbro. Specimens
Nos. 9 and 11 came from this locality. No. 10
is a specimen containing one of the phenocrysts.
No. 13 is hypersthene gabbro from Ruby Can-
yon, 2 miles southeast of Serpentine Canyon.
The hypersthene gabbro is exposed over an
area of about 4 square miles and is the largest
single body of massive igneous rock in the

2 Idem, pp. 35, 36.
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Granite Gorge. It is characterized throughout
by a well-marked sheeting or jointing that
strikes northwest and dips 20°-30° NE. Tt
decays more readily than any other rock in the
Archean, so the sides of the Granite Gorge in
the area occupied by the gabbro have a much
gentler slope than elsewhere and the Tapeats
cliff has retreated nearly twice as far from the
river as it has in the area between Bass Canyon
and Serpentine Canyon where the diorite is
exposed. The boundary between the diorite
- and the gabbro must be at the point where this
change in the topography takes place and is
therefore not far down the river from the
mouth of Serpentine Canyon. It was not pos-
sible to visit the locality on ‘the present trip,
and the nature of the contact is unknown.

Petrography of specimens.

No. 11. Hypersthene gabbro.—Gray, with greenish
tones when viewed at an angle to the surface, por-
phyritic with large poikilitic crystals of hornblende.
Under the microscope the rock is found to have a
poikilitic structure, large crystals of plagioclase and
hornblende serving as hosts for "hypersthene and
augite, which are subhedral to euhedral and 3 milli-
meters in maximum length., The mineral composition
of the rock may be represented approximately as fol-
lows : Plagioclase> augite%hypersthene>hornblende>
biotite>iron oxides>>chlorite>>epidote, apatite, zircon.
The plagioclase is extensively altered to sericite, chlo-
rite, and epidote but appears to have been at least as
calcic as labradorite. The rock is granular and with-
out schistosity or cataclastic structure and does not
seem to have suffered any considerable metamorphism
of the regional type.

No. 9. Hypersthene gabbro.—Similar to No. 11, but
the feldspars are considerably more altered and the
section shows hypersthene.

No. 13. Hypersthene gabbro.—This rock is very
similar to No. 11, is medium grained and porphyritic,
and contains large poikilitic phenocrysts of hornblende
more than three-fourths of an inch long. Microscopic
study shows the rock to be hypidiomorphic and granu-
Iar and, save for the few large phenocrysts, to have
a seriate fabric in which the individual erystals aver-
age between 1 and 2 millimeters in diameter, although
the plagioclase may be as much as 4 millimeters in
length. The composition of the rock may be repre-
sented as follows: Plagioclase>hypersthene>horn-
blende Zaugite>actinolite>>biotite>>chlorite>epidote,
with accessory magnetite, pyrite, and apatite. The
plagioclase has the composition of labradorite (ap-
proximately AbusAngs) and is altering to sericite and
epidote. The hornblende is changing to a mixture
of actinolite and magnetite. '
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No. 10. Altered gabbro.—The hand specimen con-
tains a large phenocryst of hornblende 15 millimeters
long and 7 millimeters in diameter. In section the
rock is found to consist of large euhedral crystals of
hornblende and areas of chlorite aggregates, both of
which include anhedral crystals of epidote. The sec-
tion also contains considerable sericite (after plagio-
clase), iron oxides, and a small amount of biotite.

Both the diorite and the gabbro are cut by
a great mesh of ramifying dikes of pink peg-
matite, which is very conspicuous in contrast
with the prevailing darker rock and may be
distinguished many miles away from points
along the rim of the canyon. These dikes,
however, though widely distributed, form only
a small part of the whole group of rock. In
the gabbro many of them have been injected
parallel to the sheeted structure. The peg-
matite is very coarse and consists of quartz,
microcline, and muscovite. In Ruby Canyon
the gabbro is altered to a dark hornblende or
biotite schist for a few inches away from the
contacts of the pegmatite dikes.

GROUP IV. METABASITE AND METADIORITE.

At a point about a mile southeast of the
mouth of Ruby Canyon the Granite Gorge nar-
rows abruptly in response to a change in the
character of the rock. There is a tremendous
increase in the amount of pink intrusive ma-
terial, and from this point to an undetermined
point near the mouth of Turquoise Canyon, a
distance of nearly 2 miles, the rocks are chiefly
dark-green metabasites and metadiorites, cut
by pink intrusives that in some places con-
stitute at least half of the rock. The meta-
basites and metadiorites are in bands that have
a more or less gneissoid structure. Metadiorite,
or quartz diorite that has suffered little or no
dynamic metamorphism, is the prevailing rock.
Specimens Nos. 15, 16, 17, and 18 were obtained
in Turquoise Canyon from separate bands, each
of which has a width of several hundred feet.
The strike is about due east or a little north of
east and the dip from 45° to 60° S. Some of
the bodies of pink intrusive rock are here more
than 200 feet wide, and many of them send off
numerous pegmatite veins and stringers into
the metabasites. Graphic granite, fine-grained
pink granite (No. 20), and coarse pink peg-
matite consisting of quartz, microcline, and
muscovite are the types present. Crystals of
muscovite as much as 4 inches in diameter and
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crystals of microcline measuring as much as 6 |

inches were observed in the coarser pegmatite.
Petrography of specimens.

No. 15. Metabasite—Dark - green coarse - grained,
rather granular hornblende rock in which poikilitic
crystals of hornblende 10 millimeters or more in length
predominate over smaller crystals of biotite. In thin
section the rock appears to be 80 per cent hornblende,
which occurs in large crystals, including biotite, apa-
tite, magnetite, epidote (possibly allanite), and gar-
net (?), named in the order of decreasing abundance.
The constituent minerals are usually very ragged in
outline, vary in size, and show no regularity ofp ar-
rangement. Although the rock exhibits no schistosity
or other evidence of dynamic metamorphism it has
probably been entirely recrystallized, primarily through
thermal agencies. It may have been derived from a
basic rock such as gabbro, diabase, or pyroxenite.
Rock of this type is not uncommon. In the Lake Su-
perior area it has been called a greenstone, or horn-
blendite. Other workers have called it amphibolite,
and still others metabasite. If a definite name is de-
sired it seems best to use the term metabasite for these
nonschistose, thermally metamorphosed rocks, reserv-
ing the terms amphibole or hornblende schist and am-
phibolite for the schistose phase of kindred meta-
morphic rocks. The term metabasite is applied to
metamorphosed basic rocks ranging from metadiorites
to amphibolitic schist.! ‘

No. 16. Metadiorite—Fine-grained dark-green granu-
lar rock. In section the rock has a seriate homeoid
fabric in which the individual crystals are allotriomor-
phic, many of them nearly equant, and average about
0.5 millimeter in diameter. Plagioclase having the
composition of calcic andesine is the predominant con-
stituent, and plagioclase and hornblende are the essen-
" tial minerals of the rock. The feldspar is altering to
sericite, and some epidote has been developed. The
hornblende crystals have a deep-green color, are of
irregular shape, and may not be original. Quartz, if
present, is subordinate. The rock also contains apa-
tite, titanite, and iron oxides in accessory quantities.
This rock shows no schistosity in thin ‘section or in
the small hand specimen. The character of the horn-
blende suggests that the rock has suffered some meta-
morphism. It was probably derived from a diorite,
although it may have been originally a somewhat potas-
sic gabbro. .

No. 17. Metabasite—Dark-green rock similar to No.
15, but finer grained. In thin section hornblende is
found to constitute 90 to 95 per cent of the rock. Bio-
tite, iron oxides, apatite, epidote, and possibly quartz
are present in subordinate or accessory amounts. The
hornblendes are anhedral and of ragged outline, aver-
age less than 1 millimeter in diameter, and show no
regularity of arrangement. This rock is probably
of the same origin as No. 15.

No. 18. Metadiorite.—Dark - green hornblende - rich
rock resembling No. 16 but of slightly coarser grain,

171t has been used for similar rocks in Finland by G. V.
Hackman and J. J. Sederholm.
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Under the microscope this rock is found to have a
seriate fabric in which the individual crystals are
anhedral and range from 0.5 to 2 millimeters in
longer dimensions. It consists -essentially of plagio-
clase, hornblende, biotite, and iron oxides, named in
order of decreasing abundance. The plagioclase is
altering to sericite but has the composition of ande-
sine to labradorite. The rock contains a small amount
of quartz and an accessory. amount of apatite.

No. 20. Granite—Medium - grained even - textured
pink granite. In thin section this specimen has a
seriate porphyroid fabric in which the individual
crystals are anhedral and attain 4 millimeters in
longer dimension but- average about 1 millimeter.
Mineralogically the rock consists essentially of quartz,
microcline, soda plagioclase (ranging from oligoclase
to albite), muscovite, and biotite named in the order
of decreasing abundance. A small amount of ortho-
clase may also be present, and apatite and iron oxides
occur in accessory amounts. Many of the feldspar
crystals, particularly plagioclase, have a turbid, red-
dish appearance due to the presence of very finely
divided iron oxides. They are also in small part
altered to sericite.

The rocks of Group IV are very similar in
character to those of the Gunnison River area
in Colorado, as well as to certain pre-Cam-
brian rocks of the Lake Superior region.?

It was not possible to examine the boundary
between the rocks of Group IV and the massive

gabbro of Group III, but from a distance it

had the appearance of an intrusive contact.

GROUP V. MICA SCHIST.

From a point near the mouth of Turquoise
Canyon to a point about a mile below the
mouth of Hermit Creek, a distance of 5% miles,
the rocks are a series of mica, quartz-mica,
and chlorite schists in numerous roughly par-
allel alternating bands which vary in com-
position and texture and range from a few
inches to several hundred feet in width. In
a few places there are bands of hornblende
gneiss and mica gneiss and a small amount
of hornblende schist. All these rocks are very
schistose. The prevailing strike is N. 40° E.,
and the dip ranges from steep northwest
through vertical to steep southeast. There is
a great deal of local faulting and some crump-
ling and mashing, so that there are many varia-
tions from the prevailing structure, which ap-
pears to be, roughly, that of a series of sharply
compressed folds. The thickness of the series

2 Williams, G. H., The greenstone schists of the Menomi-
nee and Marquette regions of Michigan: U. 8. Geol. Survey
Bull. 62, p. 146, 1890.
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of banded schists can not be estimated, even
approximately, but it is probably at least 5,000
feet. All the rocks of this group are cut by
dikes of pink pegmatite of the character
already described; but east of Agate Canyon

the relative amount of this intrusive material

is small. . A
Slate Creek occupies a long, straight canyon
which runs about N. 40° E. Across Colorado
River and directly in line with the canyon of
Slate Creek is the still longer gorge of Crystal
Creek, which drains the great Hindu Amphi-
theater. The rectilinear course of these two
canyons is determined by a line of faulting in
the Paleozoic strata which has guided their

erosion. All the way down the inner gorge of .

Slate Creek and all the way up the inner gorge
of Crystal Creek the strike of the bands of
schist is parallel with the course of these
gorges, and the dip is vertical or else steep to
the northwest or southeast. The same bands
of schist that are exposed in Slate Creek ap-
parently continue across the river and on up
Crystal Creek to the depths of the Hindu
Amphitheater, where a small mass of strata of
the Algonkian Unkar group overlies them, so
that the total length of the exposure of these
schist beds along the strike must be nearly 5
miles. A traverse was made across the upper
part of the inner gorge of Slate Creek, in order
to ascertain the general succession of the schist
series in this locality. Here the structure is
fairly simple, the dip being 75° SE. through-
out the exposure examined. The section given
below reads from west to east:

1. Beds of greenish-gray mica schist (specimens Nos.
22, 24, and 27), alternating with one another
and with beds of pinkish-brown quartz-mica
schist (No. 23). In some places the separate
beds have a thickness of only a few inches; in
others they are many feet thick. The contrast
between the different types of schist is greater
‘in the field than in thin section, owing to differ-
ences in color and in degree of weathering. In
the field some of the layers, notably those rep-
resented by specimen No. 27, have a well-devel-
oped slaty cleavage and might be called slates.
The name Slate Creek is derived from the occur-
rence of this rock. Many of the rocks were sup-
posed in the field to be typical chlorite schists.
The quartz-mica schists, owing to their density
and fineness of grain,,were supposed to be quartz-
ites until the thin sections were examined. In
the field there is a vague yet persistent sugges-

tion in these layers of an original sedimentary .
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cross-bedded structure which recrystallization and
shearing had not been able entirely to obliterate.
This -feature and the variation in the schists
across the strike suggested that they might be
metamorphosed sediments. Thickness, 400 feet

, or more.

2. Hornblende gneiss (No. 26), apparently represent-
ing a metamorphosed quartz diorite that was
intruded into the schists. In the field this rock
resembles some of the metadiorite of Group IV.
Thickness, 300 feet, more or less..

3. Fine-grained, finely banded granite gneiss, occur-
ring, like the hornblende gneiss, in a band par-
allel with the schist bands. Thickness, 100 feet,
more or less. B :

4. Mica schists of the same character as those of No.
1. Thickness, 200 feet or more.

Although the dominant strike is very per-
sistent, there is a great: deal of local folding
and crumpling in the schists, and they are
injected in places with pink feldspar and milky
quartz. .

In Boucher Canyon the rocks are essentially
the same as on Slate Creek, but the structure
is much more complicated by faulting and fold-
ing, so that it is difficult to pick out a dominant
strike that is characteristic of the area. The
dips, as elsewhere in the Archean, are very
steep or vertical. The rocks are in alternating
bands of varying composition; they are, how-
ever, rather more crumpled and mashed than
those on Slate Creek. No. 31 is chlorite schist
from this locality ; No. 32 is quartz-mica schist
which is hard to distinguish from quartzite in
the field; No. 34 is a very fine grained fissile
schist or slate. A bed of hornblende schist
(No. 33) occupies a band 200 feet in width"
between the mica schists.

Petrogmphy of specimens.

No. 22. Mica schist (chlorite schist).—Very fissile
greenish-gray rock, with pronounced silvery sheen.’
In the thin section, cut parallel to the schistosity, the
rock has a nearly equigranular fabrie in which the
individual grains range from 0.1 to 0.4 millimeter in
diameter and, save for the micas, are equant to sub-
equant. This particular section consisted essentiaily
of quartz, muscovite, biotite, chlorite, altered feld-
spar, and epidote, named in about the order of de-
creasing abundance. A section cut transverse to the
cleavage would give a better idea of the relative
abundance of the mica. Zircon, apatite, garnet, mag-
netite, and other iron oxides are present in accessory
amounts. The feldspars are sericitized, somewhat
kaolinized, and stained with ferritic material, so that
their character is not determinable. The. section
studied contains less chlorite than would be suspected
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from the hand specimen, but this is in part due to
the softness of the chlorite and its consequent loss
in grinding. These schists may well have been derived
from sedimentary rock.

~ No. 23. Quartz-mice schist. —Dense pinkish-brown,
very fine textured, banded quartzose rock. In thin
section the rock manifests considerable lamellation
and is nearly equigranular. The individual crystals
average less than 0.1 millimeter in diameter and,
save for the. micas, are subequant to equant. The
section consists of quartz, altered feldspar, muscovite,
chlorite, and biotite, named in about the order of de-
creasing abundance. Curiously enough, the section
shows more chlorite than that of specimen No. 22,
Like No. 22 the schist contains a rather unusual
amount of zircon and considerable magnetite, apatite,
epidote, and garnet, all in accessory quantities. The
feldspar is more abundant than in No. 22 and is very
much altered and stained with iron oxides. Both or-

- thoclase and plagioclase are present. The micas occur

in' minute individuals, a fact which accounts for the
"quartzose appearance of the schist in hand specimen.

No. 24. Mica schist—Gray micaceéous, very schis-
tose rock with silvery sheen on cleavage surface. In

thin section the rock is well lamellated and is made |

up of allotriomorphic grains mostly 0.3 to 0.5 milli-
meter in diameter. The essential mineral constitu-
ents are quartz, muscovite, and biotite, and the ac-
cessory minerals observed are zircon, magnetite, apa-
tite, garnet, and chlorite. The schist contains very
little if any feldspar but is richer in mica than
No. 23.

No. 25. Mica gneiss (or granite gneiss).—Pink, very
fine grained, delicately banded gneiss. In section the
rock has a pronounced banded structure in which the
individual crystals are allotriomorphic and average
0.15 millimeter in diameter. 7The rock consists of
quartz, feldspar (microcline, soda plagioclase, ortho-
clase?), biotite, and chlorite, named in about the
order of decreasing abundance. Epidote, apatite, zir-
. con, magnetite, and other iron oxides occur in acces-
sory amounts. The rock has the composition of a
granite and might well be called a granite gneiss.

No. 26. Hornblende gneiss.—Dark-green medium-
grained hornblendic rock with a strong suggestion of
lamellation in the hand specimen. The thin section
. studied, probably cut parallel to the cleavage of the
rock, displays little evidence of lamellation. It shows
a seriate fabric in which the individual crystals are
“allotriomorphic and are 3 millimeters or less in longer
dimension. The rock consists essentially of feldspar,
quartz, hornblende, chlorite, and biotite, named in
order of decreasing abundance. Epidote, zircon, apa-
tite, iron oxides, and garnet are present in accessory
amounts. The plagioclase is altered to sericite and is
stained with iron oxides but probably has the compo-
sition of oligoclase. The hornblende and micas have
very irregular and ragged outlines and are entirely
without crystal boundaries. The rock represented by
this specimen was probably derived from a rock hav-
ing the composition of a quartz diorite.

No. 27. Mica schist.—Very fissile, slaty silver-gray
schist. In a thin section cut nearly parallel to the
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schistosity the rock has a nearly equigranular fabric
in which the constituent minerals are subequant
to equant and average less than 0.2 millimeter in
diameter. The dominant mineral constituents are
quartz, muscovite, and biotite. The feldspar has
nearly all been altered to sericite but may have con-
stituted as much as 15 or 20 per cent of the rock.
Zircon, apatite, epidote, and iron oxides are the com-
monest accessory minerals, The rock is a mica schist
similar in composition to Nos. 22 and 24.

No. 31. Chlorite schist.—Silver-gray, micaceous, and
very schistose.. In a thin section cut nearly parallel
to the schistosity the rock has a seriate fabric in
which the individual grains are allotriomorphiec and
range in size up to 0.4 millimeter in length. Quartz,
chlorite, biotite, and muscovite are the dominant min-
eral constituents, and iron oxides, zircon, apatite,
tourmaline, epidote, and garnet occur in accessory
amounts. TFeldspar, in large part altered to sericite,
is present in subordinate amount. The chlorite is
probably slightly more abundant than either of the
micas, so the rock may be called either mica schist or
chlorite schist.

No. 32. Quartz-mica schist.—Gray compact quartzose
schist with inconspicuous micas. In thin section the
rock is found to be very fine grained, few of the lar-
gest crystals being as much as 0.2 millimeter across
and the micas usually being measured in hundredths
of a millimeter. It consists essentially of quartz, mus-
covite, biotite, feldspar, and chlorite, named in about
the order of decreasing abundance. The feldspar is
subordinate in amount and is in part plagioclase
(about oligoclase) in fresh individuals, showing good
albite twinning. XEpidote, zircon, apatite, calcite, and
iron oxides are the commonest accessory minerals.

No. 33. Hornblende schist.—Dark-green, moderately
schistose hornblende rock. The thin section exhibits
a schistose structure in which hornblende ecrystals
making up 90 per cent of the rock, are as a rule from
0.5 to 1 millimeter in length and are entirely without
crystal boundaries. Quartz, feldspar, and epidote
occur in subordinate amounts; iron oxides, calcite,
and apatite are accessory. The feldspar is probably
all plagioclase, but is extensively altered to sericite.

No. 34. Mica schist.—Very fine fissile, gray schist
with thin slaty cleavage. The thin section exhibits
fine lamellation, in which the banding ranges from
0.02 to 0.06 millimeter in width, although the indi-
vidual micas are commonly 0.3 to 0.5 millimeter in
length. The principal constituents of the rock are
quartz, muscovite, biotite, chlorite, iron oxides, and
epidote. TFeldspar is present in subordinate amounts,
but owing to the fineness of grain and the abundance
of dark minerals its reliative proportion is difficult
to determine.

The mica schists of Group V strongly sug-
gest metamorphosed ‘sediments, but, as is usu-
ally the case, microscopic evidence can be con-
sidered only auxiliary to the field evidence.
The rocks of this group likewise resemble the

quartz-mica schists of the Gunnison Canyon .-
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area, which have been separated from the more |
prevalent biotite schist type of that region.
The character of the boundaries between
Groups IV and V and between Groups V and
VI could not be determined on the present trip.

GROUP VI. GRANITE GNEISS AND AMPHIBOLITE.

From a point about a mile west of the mouth
of ' Hermit Creek to a point about a mile west
of the mouth of Clear Creek, a distance of
about 9% miles, the rocks are chiefly granite
gneiss and amphibolite, ‘

On Hermit Creek the prevailing rock is a
coarse pinkish granite gneiss (No. 35). The
gneissoid character is strongly developed, and
the banding is very wavy and crumpled in
detail. The strike of the gneissoid banding is
N. 20° E. and the dip 80° SE. In places
the mica in the gneiss is partly segregated
in curious porphyritic lumps. No. 40 is a
specimen of this phase of the rock. There
arve areas of a finer-grained gneiss (No. 38),
and here and there narrow bands of chlorite
schist (No. 39), probably inclusions.

The gneiss is everywhere crowded with pink
pegmatitic injections. The pegmatite consists
of quartz, microcline, muscovite, and biotite.
Some of the bodies of pegmatite are several
hundred feet wide and contain crystals of
muscovite as much as 6 inches in diameter.

The gneiss in the canyon of Salt Creek
(No. 45) is somewhat less micaceous than that
on Hermit Creek but differs little in general
appearance. It suggests a sheared granite in
the field. The strike of the gneissoid banding
is N. 20° E. and the dip 75° SE. The gneiss
contains some bands of amphibolite (No. 46),
which occur at intervals of about 100 feet and
range from 1 foot to 6 feet in width. They
have the same strike and dip as the gneisses.

The Archean was next visited at the “ cork-
screw ” on the Cameron trail, where the trail
descends to Pipe Creek in the line of the
Bright Angel fault. The rock west of the fault
isa pink medium-grained granite (No.49) that
is somewhat less gneissoid than the gneisses
already described but otherwise resembles them
in appearance. The rock on the east side of the
fault and on the east side of Pipe Creek is a
much-contorted greenish hornblende schist
(No. 50), which is much injected with pink

pegmatitic material. The strike is northeast- .
30830°—17——38
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erly and the. dip nearly vertical. This horn-
blende schist was also found underneath the
tiny cap of Unkar strata that lies below the
end of the long promontory of Tapeats sand-
stone jutting -out east of Pipe Creek, and
it appears to be exposed over a considerable
area to the southeast up Colorado River.

ey g

" ‘Petrography of specimens.

No. 85. Granitc gneiss.—Coarse, :lamellated mica-
ceous rock with large crystals of feldspar and quartz.
In thin section the rock exhibits evidence of crushing
and partial granulation. The individual crystals have
very ragged outlines and are entirely without crystal
boundaries. They range in size from a fraction of a
millimeter to 3 millimeters. The rock consists chiefly
of quartz, biotite, muscovite, sillimanite, and feldspar,
with accessory apatite, zircon, garnet, and magnetite.
The larger quartz crystals show undulatory extinc-
tion. - The feldspar is altered and iron stained, but is
determinable as orthoclase and soda plagioclase. The
sillimanite occurs in myriads of long, slender needles,
which give it a fibrous appearance, and is probably
of the variety called fibrolite.

No. 38. Granite gneiss.—Pinkish-gray, rather fine
grained. The gneissoid structure of the rock is well
shown in the thin section by the parallel arrangement
of the micas. The individual crystals are of irregular
outline, and the largest are 1.5 millimeters in longer
dimension. Quartz is the most abundant constituent,
and with altered feldspar, muscovite, biotite, and
chlorite makes up most of the rock. Garnet, iron
oxides, apatite, and zircon are the commonest acces-
sory minerals. The feldspar is sericitized and stained
with iron oxides, but is in part determinable as soda
plagioclase. The gneiss was probably derived from a
granite and may be called either a granite gneiss or
mica gneiss.

No. 39. Chlorite schist. — Greenish-gray schistose
rock. In thin section the schistosity of the rock is
very pronounced. The bands of chlorite alternate
with quartz and sericitic muscovite, which has ap-
parently been derived from the alteration of feldspar.
The rock is rather fine grained, the quartz crystals
and pseudomorphs after feldspar being, as a rule, not
more than 0.3 millimeter in longer dimension, alfhough
the chlorite crystals may be as much as 3 millimeters
in length. Quartz, chlorite, and sericitic muscovite are
the chief mineral constituents; subordinate amounts
of feldspar and iron oxides, with accessory apatite,
zircon, garnet, and epidote, are also present.

No. 40. Segregation in gneiss.—The chip is largely
muscovite in a well-lamellated, contorted structure,
with feldspar and quartz. The microscope reveals a
mixture of quartz, altered feldspar, muscovite, chlo-
rite, and iron oxides. Some of the muscovite crystals
are very large and poikilitically include the other con-
stituents. The feldspar is altered to sericite, some-’
what kaolinized and iron stained, but apparently was
originally orthoclase and soda plagioclase. Zircon
and apatite were observed in accessory amounts. The
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mineral constituents of the rock are entirely without
crystal boundaries, and many of the mica crystals are
contorted and broken.

No. 45. Granite gneiss.—Pinkish gray and well
banded. The thin section exhibits gneissoid struc-
ture with a seriate fabric in which the individual
crystals are allotriomorphic and range from a frac-
tion of a millimeter to 5 millimeters in longer dimen-
sion. Quartz, feldspar, and mica are the dominant
minerals; iron oxides, apatite, and zircon occur in
accessory amounts. The feldspar consists of micro-
cline, soda plagioclase, and orthoclase and is slightly
altered to kaolin and, in a less degree, to sericite.

No. 46. Hornblende schist or amphibolite—Dark
green, medium grained, and very schistose. In a
section cut nearly parallel to the cleavage the schis-
tosity, which is well displayed in the hand specimen,
is not at all evident. Hornblende;. soda plagioclase,
and quartz .are the principal constituents; apatite,
iron oxides, and zircon are present in accessory
amounts. The plagioclase is largely altered to seri-
cite but apparently had the composition of oligoclase
to andesine. This schist is similar to No. 4, of
Group 1.

No. 49. ‘Granite. —Pmk medium-grained biotite gran-
ite. In thin section the rock has a seriate porphyroid
fabric in which the individual crystals are allotrio-
morphic and range in size from a fraction of a milli-
meter to more than 2 millimeters. Quartz, feldspar,
and biotiterare the principal constituents; iron oxides,
zircon, and apatite occur in accessory .quantities.
The feldspar is somewhat kaolinized and consists of
microcline and plagioclase having the approximate
composition of oligoclase.

No. 50. Hornblende schist.—Dark - green medmm-
grained schistose rock, with reddish feldspar. In
section the rock shows a schistose structure produced
by the parallel arrangement of the hornblende crys-
tals. The individual minerals are allotriomorphic and
range from a fraction of a millimeter to more than
2 millimeters in longer dimension. The rock consists
essentially of hornblende, plagioclase, quartz, and
biotite, named in -about the order of decreasing abun-
dance. The plagioclase, which has approximately
the -composition of andesine, has a reddish color due
to inclusions of numerous minute specks of iron oxide.
Apatite, titanite, epidote, iron oxides, and calc1te were
observed in accessory amounts.

About a mile west of the mouth of Clear
Creek, on the north side of the river, there is
a huge irregular body of what appears to be
massive granite in the gneisses. Owing prob-
ably to its massive character this rock resisted
the pre-Cambrian erosion and now projects

well above the plane of the unconformity at the .

base of the Tapeats sandstone and excludes
the sandstone entirely. This monadnock was
noted by Davis.* It is, so far as known, the
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highest monadnock of Archean rock in the
Kaibab division of the canyon, although it is
several hundred feet lower than a number of
the monadnocks of Algonkian quartzite.

GROUP VII. MICA SCHIST.

From a point half a mile west of the mouth
of Clear Creek to a point near the mouth of
Grapevine Creek, a distance of 3% miles, the
rocks are a series of mica schists and mica
quartzites which strike northeast and dip verti-
cally or steep northwest. These rocks, exposed
southwest of Vishnu Temple, were named the
Vishnu terrane by Walcott,> who recognized
theirsedimentary origin. Intheexposure across
the strike there is probably some duplication
by folding or faulting, but the thickness must
be at least 5,000 feet. The same rocks are ex-.
posed for a distance of 2 miles along their
strike in the gorge of Clear Creek, on the
north side of Colorado River.

In Lone Tree Canyon the prevailing rock is
a fine-grained pinkish to greenish gray quartz-
sericite schist (No. 53), which is the least meta-
morphosed rock of supposed sedimentary origin

' that was found in the Archean complex in the

Grand Canyon. The original bedding can be
made out in places and corresponds in the main
with the direction of the schistose banding;
the separate beds are distinguished by slight
differences in color and texture. Nearly all
the rocks have a very fine, almost paper-thin
slaty lamination. Some beds display a faint
cross-bedded structure. The prevailing strike
is between N. 20° E. and N. 70° E., and the
dip between 45° and 80° NW. They are cut
by numerous faults of small throw. It seemed
probable in the field that the rock was origi-
nally a micaceous shaly sandstone like the
Dox sandstone of the Algonkian Unkar group
or like many beds in the Cambrian Tonto
group. Curiously, many of the beds show
numerous small circular spots of a magenta
color which are similar to the spots found all
through the strata of the Unkar and Tonto
groups. ‘

Specimen No. 54 is a piece of sandstone from
the overlying unmetamorphosed Tonto group
taken for comparison with the Archean speci-
men No. 53. When the labels are removed it

1 Davis, W. M., An excursion to the Grand Canyon of the
Colorado : Harvard Coll. Mus, Comp. Zoology Bull. 38, geol.
ser., vol. 5, No. 4, fig. 15 p. 174, 1901.

2 Walcott, C. D., Pre-Cambrian igneous rocks of the Unkar
terrane, Grand Canyon of the Colomdo, Ariz.: U. 8. Geol.
Survey Fourteenth Ann. Rept., pt. 2, p. 506, 1894.
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is impossible to tell with the unaided eye which
is the unmetamorphosed rock, and in thin sec-
tions the resemblance is almost as close.

The rocks of Lone Tree Canyon greatly re-
semble in the field those of Group V in Slate
Creek, in the Shinumo quadrangle, but are
less metamorphosed. There are no pink in-
trusions in the schists of Lone Tree Canyon,
but there is a small amount of milky quartz in
thin veins and stringers. '

In the canyon of Boulder Creek the rocks
and structure are practically the same as in
Lone Tree Canyon.

In the canyon of Grapevine Creek, near the
east end of the exposures of Group VII, the
rocks are mica schists and quartz-mica schists
in alternating bands, injected by dikes of coarse
pink pegmatite. There is a great deal of
milky quartz in the schists, in veins and
stringers. The pink intrusive rocks are of the
same character as those in other groups of the
Archean. In this locality they occur for the
most part in very irregular masses, some of
which appear to be mashed and folded with the
schists. Specimen No. 56 is mica schist from
the canyon of Grapevine Creek; No. 57 is
quartz-mica schist. There is a great deal more
evidence of metamorphism here than in Lone
Tree Canyon. The schists are greatly mashed
and contorted and no prevailing strikes and
dips are obtainable. These rocks in the canyon
of Grapevine Creek resemble in the field those
near the eastern boundary of Group II, at the
Cable Crossing, in the Shinumo quadrangle.

Petrography of specimens.

No. 53. Quartz-sericite schist.—White, with pink
tones on cleavage surface. Thin:bedded, platy,-with
fine sandy texture on surface transverse to cleavage.
In thin section quartz is the most abundant mineral
and occurs in allotriomorphic grains usually less than
0.2 millimeter in diameter, although there are coarser
segregations in which the crystals may be as much as
0.5 millimeter across. These coarser areas show less
interstitial material and may represent pebbles in the
original sediment. The quartz grains are cemented
together by a finely comminuted aggregate composed
chiefly of sericitic muscovite, chlorite, and epidote,
which may have been derived from the cementing
material of the original rock. Considerable feldspar
may have originally been present, but it is now almost
entirely altered to sericite and in minor degree to
kaolin. Muscovite, biotite, and epidote occur in sub-
ordinate amounts; zircon, tourmaline, apatite, and
iron oxides are the commonest accessory minerals.

The rock has the appearance of a more or less meta- |
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- morphosed shaly sandstone or grit, although it does
| not show pronounced evidence of recrystallization and
pressure. The term quartz-sericite schist is suggested

as indicating its content and structure without con-
noting its origin. The terms mica quartzite or sericite
quartzite might be used equally well. The rock is
strikingly similar in structure and composition to
specimen No. 54, from the Cambrian Tapeats sand-
stone, although it is less even grained and -apparently
contains more interstitial material. However, a sec-
tion oblique to the cleavage would have been more
satisfactory for comparison of the two rocks than
the one studied.

No. 54. Tapeats sandstone.—Bluish-gray thin, platy
sandstone. The section, cut obliquely to the cleavage
of this rock, resembles No. 53 rather closely. More
than 90 per cent of the rock is quartz in grains of
irregular shape, averaging about 0.2 millimeter in
diameter. Mica, chiefly biotite, and sericitic mus-
covite have been developed and occur in bands about
0.5 millimeter apart, giving the rock its good cleav-
age. A few relics of much-altered feldspar are pres-
ent, and chlorite, epidote, zircon, and iron oxides
were observed in subordinate or accessory quantities.

No. 56. Mica schist.—Gray, with silvery sheen on
cleavage surface, well lamellated and fine grained.
In section the rock has a pronounced schistose struc-
ture in which the individual grains are allotriomorphic

~and are usually less than 0.2 millimeter in diameter,

although the micas may be as much as 1 millimeter in *
longer dimension. Quartz, muséovite, and biotite are
the chief mineral constituents of the rock. The feld-
spar has been almost entirely altered to sericite and -
kaolin but was probably subordinate to the minerals
named. Epidote, zircon, apatite, and iron oxides were
observed in accessory amounts.

No. 57. Quartz-mica schist.—Fine grained, compact,
dark gray, quartzose. In thin section the rock has a
vague schistose structure, and the individual crystals
are allotriomorphic and average about 0.2 millimeter
in diameter. Quartz, feldspar, biotite, and muscovite
are the dominant mineral constituents, named in about
the order of descending abundance. The feldspar is
altering to sericite and in less degree to kaolin but

apparently was originally orthoclase and -soda’ plagio-
‘clase. The micas are not so abundant as in most of

the other schists and occur in fine leaves. Zircon,
apatite, epidote, and iron oxides are the commonest
accessory minerals.

Specimens Nos. 56 and 57 resemhle Nos. 31 and 32,
respectively.

As was the case with most of the other groups
of Archean rock, neither the eastern nor the
western boundary of Group VII could be
reached on the present trip because there was
no place near them where a break in the Ta-
peats cliff would permit descent. Viewed from
a distance, the boundary between Groups VI
and VII appeared to be a fault, but the in-
creasing intensity of metamorphism and the
injected character of the eastern border of
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Group VII suggested that the boundary be-
tween it and Group VIII may be an intrusive
contact.

GROUP VIII. GRANITE GNEISS.

Group VIII is exposed from a point near
the mouth of Grapevine Creek to the east end
of the Granite Gorge, a distance of 3{% miles.
The rocks were examined in the small canyon

half a mile east of Cottonwood Creek, in the |

canyon of Hance Creek, and in the Granite
Gorge between Mineral Canyon and Red Can-
yon. In the locality east of Cottonwood Creek
the prevailing rock is a much-contorted pink-
ish gneiss (No. 60), which in places grades into
a more micaceous gneiss (No. 61). The gneiss
is much injected by pink pegmatite and milky
quartz, which appear to be folded with it, and
is cut by younger bodies of pink pegmatite.
Because of the intense crumpling of the gneiss
there is no general strike and dip traceable
over any large area.

The gneiss in the canyon of Hance Creek
resembles that just described. There are two
chief types which grade into each other—a
pink granite gneiss (No. 62) and a gray mica-
ceous gneiss (No. 63). The amount of pink
pegmatitic material is even greater than in
the locality east of Cottonwood Creek, and
some of it may be folded and mashed with the
gneiss. In places the gneiss itself grades into
pegmatite and aplite. The contortion is so
great that no prevailing strike and dip can be
made out. ’

Between Mineral Canyon and the edst end
of the Granite Gorge the rocks are in gneiss-
oid bands of varying composition, but the
prevailing rock is pink granite gneiss (Nos. 64
and 66). There are scattered bands of garnet-
iferous mica schist (No. 65) and bands of bio-
tite schist (No.67), also considerable pegmatite.
In general, the strike of the gneissoid banding
is northeasterly and the dip nearly vertical.

Petrography of specimens.

No. 60. Granite gneiss.—Red, fine-grained,
banded. The section, which is cut parallel to the
banding, exhibits a seriate porphyroid fabric in which
the individual crystals range fromr a small fraction
of a millimeter to. more than 1 millimeter in diameter.
Quartz, feldspar, and biotite are the principal con:
stituents. The feldspar consists of orthoclase, micro-
cline, and microperthite, in nearly equal amounts, and
plagioclase having about the composition of oligoclase.
The plagioclase and orthoclase particularly and the

“and-
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microcline to a less degree are weathered and stained
and include numerous fine grains .of iron oxides
which give them a reddish color. The biotite is
leached out and is altering to chlorite.. Muscovite,
apatite, zircon, and iron oxides occur in subordinate
or accessory amounts.

No. 61. Mica gneiss.—Well-banded gneissoid rock
containing considerable mica. Under the microscope
the rock exhibits a gpeissoid structure and is made
up of allotriomorphic crystals, the majority of which
range between 0.5 and 1.5 millimeters in longer
dimension. Quartz, plagioclase (chiefly oligoclase),
biotite, and orthoclase are present, named in about
the order of decreasing abundance. As in No. 60, the
feldspars are weathered and iron stained and the
biotite is being leached and altered to chlorite. Zir-
con, apatite, and magnetite are present as accessory
minerals ; chlorite, iron oxides, and epidote are largely
products of surface alteration. The composition of
this rock hardly permits its being considered a meta-
morphosed granite of the normal microcline type.
The uneven fracture, the segregation of the several
constituents, and the general appearance in the hand
specimen, together with the predominance of plagio-
clase over potash feldspar in the thin section suggest
that it .is an injection gneiss.

No. 62. Granite gneiss (or gneissoid granite).—
Pink medium-grained granitic rock. The thin section
exhibits a seriate intersertal fabric in which the indi-
vidual crystals are allotriomorphic and range in diam-
eter from less than 0.5 to 2 millimeters. The rock
consists of quartz, microcline, soda plagioclase, ortho-
clase, biotite, and muscovite, named in approximately
the order of decreasing abundance. The orthoclase
and plagioclase are extensively altered to sericite
and kaolin and are colored red by fine inclusions of
iron oxides. Apatite, zircon, and magnetite occur in
accessory amounts, and muscovite, epidote, chlorite,
and iron oxides are for the most part products of
alteration. Many of the larger individuals, particu-
larly the microcline, show poikilitic structure in thin
section, and a few of the quartz grains show undula-
tory extinction. This feature, togethér with the in-
tersertal fabric, is indicative of the mashing ,and par-
tial recrystallization suffered by the original granite.

No. 63. Granite gneiss.—Dark-gray medium-grained
biotite-rich gneiss. In thin section the gneiss has a
seriate fabric in which the individual crystals are
of irregular shape and range from a fraction of a
millimeter to more than 3 millimeters in longer dimen-
sion. Quartz, altered feldspar, biotite, and muscovite
are the principal constituents. The feldspars are
extensively weathered and iron stained, and kaolin
is the chief alteration- product;-although. considerable
sericite has also been developed. Some of the biotite
is brown and some green, and it is in many places
leached or altered to chlorite and magnetite. Epidote,
zircon, apatite, and iron oxides occur in minute
quantities.

No. 64. Granite gneiss.—Pinkish fine-grained granite
gneiss. In section the rock has but a suggestion of
gneissoid structure and has a seriate intersertal fabric
in which the individual crystals are allotriomorphic
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and are as a rule not more than 1 millimeter in longer
dimension. Mineralogically the rock is very similar
to Nos. 60 and 62 and consists essentially of quartz,
soda plagioclase, microcline, muscovite, biotite, and
possibly a small amount of orthoclase, with the usual
accessory and secondary constituents. The undu-
latory extinction of the quartz, the poikilitic character
of the larger crystals of microcline, and the inter-
sertal fabric are evidences of the pressure and partial
recrystallization suffered by the rock.

No. 65. Coarse garnetiferous mica schist.—Coarse,
well-lamellated mica aggregates. The section shows
a schistose mixture of biotite, muscovite, garnets, and
iron oxides (chiefly magnetite). The micas are 10
millimeters or more in length, The garnets are pink,
many of them include biotite and iron oxides, and a
few are surrounded by rims of chlorite, to which the
garnet is apparently altering. A few grains of zircon
were observed, and a small amount of badly stained
feldspar may be present in one of the two slides studied.
No quartz was recognized in the sections, although
a little may be present in the hand specimen. °

No. 66. Granite gneiss.—Pinkish gray and gneissoid.
Under the microscope the rock is found to have a
seriate intersertal fabric in which the individual
crystals are allotriomorphic and range in size from
a small fraction of a miilimeter for the interstitial
_ crystals to 4 millimeters and more for the larger ones.
The rock is very similar to the granite gneisses
already described and consists of quartz, orthoclase,
microcline, soda plagioclase, biotite, muscovite, and
iron oxides, named in about the order of decreasing
abundance. Apatite and magnetite occur in accessory
amounts, and chlorite, sericite, kaolin, epidote, and
iron oxides have resulted from weathering and other
processes of alteration.

No. 67. Biotite schist.—Dark gray, with obscure
pinkish tones; well foliated and reddish brown on
weathered surfaces. A section cut parallel to the
schistosity discloses a nearly equigranular fabric in
which the individual crystals are allotriomorphic and,
save for micas, are rarely as much as 0.2 millimeter
in diameter. The micas are of irregular and ragged
outling and are usually about 0.3 millimeter in longer
dimension. Feldspar, extensively altered to sericite,
quartz, and biotite, are the principal mineral con-
stituents, and apatite, iron oxides, epidote, zircon, and
garnet were observed in accessory amounts. The

feldspar is too much altered for determination but

- was originally present in quantity equaling or exceed-
ing the quartz. Inclusions of apatite prisms are
unusually numerous, but muscovite of the sericitic
variety is rare or absent. This rock has been entirely
recrystallized and has been rendered completely
schistose during the process of metamorphism, so
that no trace of its original structure remains. How-
ever, it was most probably derived from a massive
igneous rock of granitic character., It resembles Nos.
1, 3, and 4 and other mica schists already described,
although under the mieroscope it is found to have a
higher feldspar content. It is very similar to the
most prevalent type of biotite schist of the Gunnison
River area in Colorado.
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CONCLUSIONS.
CORRELATION.

It will be apparent to the reader that the
present study, which was made at points where
the topography permitted access to the Ar-
chean rather than in places where the impor-

‘tance of Archean structure demanded attention,

has yielded data that are rather too frag-
mentary to be of much value in solving the
problems of Archean structure and history in
the Grand Canyon region. Yet it has afforded
a fair estimate of the general character of the
rocks, and a few conclusions may be drawn.

- The three groups of mica schist (Groups II,
V, and VII) are apparently parts of a single
series of rocks. They are practically identical
in mineral composition, are similar in appear-
ance in the field, and are supposed to have had,
for the most part, a similar origin.

Groups I, VI, and VIII, chiefly granitic
gneiss, hornblende gneiss, and amphibolite,
comprise rocks which, collectively, are very
similar in lithology and structure. They may
be included in one series and called gneisses,
although the rocks within the groups represent
several periods of geologic time and doubtless
when a detailed study is made they will be dif-
ferentiated into more than one series on the
evidence of their origin and history.

The relations of the greenstones comprising
Group IV are uncertain, but the metabasites
resemble many of those in the gneiss series. It
seems probable that this group belongs with
the gneisses, though further investigation may
show that the metadiorite is a part of the
diorite of Group IITI that has suffered thermal
metamorphism,

The massive basic rocks are the quartz diorite
and hypersthene gabbro of Group IIL. They
probably represent postdeformation intrusions
or, at any rate, relatively late intrusions in the
complex.

The pink siliceous intrusive rocks comprise
granite, aplite, and pegmatite and are the
most widely distributed of the Archean rocks.
They probably represent several periods of
igneous activity. The older material is as-
sociated chiefly with the gneisses and in places
appears to be mashed and folded with them.
Tt does not appear to be associated with the
schists except in places near the borders of the
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schist groups. The younger material is by far
the most abundant and widely distributed rock
of the series. It is chiefly coarse pegmatite,
which occurs typically in dikes that cut every
group of rock in the Archean.

Estimated roughly, the gneisses comprise
perhaps 50 per cent of the rocks exposed in the
Granite Gorge, the mica schists 80 per cent,
the basic intrusive rocks 10 per cent, and the
pink siliceous intrusive rocks 10 per cent. The
relative amount of the pink siliceous rocks is
hardest to estimate because of their wide
though irregular distribution. It may be very
much more than 10 per cent.

ORIGIN AND HISTORY.

The mica schists are clearly the products of
regional metamorphism, for nearly every-
where they are thoroughly schistose and en-
tirely recrystallized. Those in Lone Tree
Canyon are the least metamorphosed, and in
that locality there is evidence that they rep-
resent an originally sedimentary series. Inas-
much as the mica schists in all the. other
localities are very similar in mineral character
to those in Lone Tree Canyon, it seems not
improbable that they also are in large part, if
not entirely, of sedimentary origin.

Both the field relations and the microscopic
study indicate that the gneisses are igneous in
origin, but it is clear that they have had a
long and complex history. Most of them are
medium to coarse grained rocks with a pro-
nounced gneissoid structure, which is in gen-
eral parallel in trend with the similar structure
in the schists. These gneisses, with the schists,
have gone through at least one period of
regional metamorphism. Many of the gneisses
are thoroughly recrystallized; some appear to
represent metamorphosed quartz
others, metamorphosed granites; still others,
metamorphosed basic rocks. Some of the
granite gneisses are injection gneisses; others,
very little altered, are pressed granites.
Throughout the gneisses granitic rock,* whether
older and very gneissoid or younger and little
sheared, is the predominating type. In places
the gneiss contains bodies of chlorite or mica
schist that are thought to be inclusions.

Perhaps the most important problem of the
“Archean geology of the region is the relation

> The term granitic is used here in a broad sense for rocks
that were originally granite, granodiorite, monzonite, or
quartz diorite.

diorites;
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of the gneisses to the schists. . If the schists
are, as the evidence seems to indicate, a meta-
morphosed sedimentary series, are the gneisses
the basement upon which these old sediments
were laid down, or are the gneisses wholly or
in part intrusive in the schists? The solution
of this problem must depend on future study
in the field. Unfortunately, on the present
trip, none of the boundaries between the groups
of rocks were near the places where access to
the Archean was to be had, and so they could
not be examined. These boundaries are the
critical localities of the Archean, and the study
of them will undoubtedly lead to the decipher-
ing of much of the geologic history.

Some evidence that may aid in solving this
problem was obtained on the present trip. On
Slate Creek a broad band of hornblende gneiss
was found between the prevailing bands of
mica schist; associated with the hornblende
gneiss is a band of mica gneiss or granite
gneiss. The study of these gneisses in thin sec-

- tion indicates that the hornblende gneiss is a

metamorphosed - quartz “diorite and that the

“mica gneiss is a metamorphosed granite. The

hornblende gneiss and the mica gneiss appear
to represent quartz diorite and granite in-
truded into the schists before the close of the
period of regional metamorphism. Thus it is
probable that a part, at least, of the rocks of
the gneiss series are intrusive in the schists.

The great amount of pegmatitic material in
the schists near the eastern boundary of Group
VII suggests that this boundary may prove to
be an intrusive contact between the schists and
the granitic gneiss (probably an injection
gneiss) of Group VIII. ‘

It is the impression of the writers that when
the history of the gneisses and schists is worked
out it may be found that some of the greatly
wrinkled and contorted granitic gneisses are
the oldest rocks of the Archean and are a part
of the original basement upon which the schist
series of metamorphosed sediments was laid
down; that both before and for some time
after the deposition of the sediments there
were long periods of complex igneous intrusion
now represented by amphibolite, granite gneiss,
and metadiorite; and that some of these intru-
sives penetrated the sediments after they were
deposited.

The most obvious event in the Archean his-
tory is the regional metamorphism that in-
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volved both the gneiss and schist series. As a
result of it most of the rocks were recrystal-
lized and nearly all of them acquired a gneiss-
oid or schistose banding which has a dominant
northeast strike and a nearly vertical dip.
This structure suggests that the compressive
forces acted either from the northwest or from
the southeast. It may be noted that a similar
structure characterizes the Archean complex in
the Globe region described by Ransome,! and
the complex on the west and southwest border
of the Grand Cfmyon district, described by
Schrader.?

The massive basic intrusive rocks of Group
IIT may be younger than the period of regional
metamorphism. The quartz diorite cuts the
schists of Group II, but the relation of the
gabbro to the diorite and that of both. the
gabbro and the diorite of Group III to the
rocks of Group IV are not known. None of
the earlier pink siliceous intrusives are found
in the diorite and gabbro, which, however, are
cut by the later pegmatites of the pink siliceous
series.

The age of the earlier granite and pegma-
tite of the series of pink siliceous intrusives
is not clear. Some of the material is asso-
ciated with certain granite gneisses in such
a way as to suggest that its intrusion accom-
panied or closely followed that of the material
from which this gneiss was derived. It was
rather difficult to determine whether this mate-
rial has really suffered deformation, whether
it was intruded during deformation, or
whether it was intruded after deformation, fol-
lowing the contortions of an already deformed
structure. Detailed study may show, there-
fore, that some of these rocks should be classed
with the gneisses, if they prove to have suffered
deformation. No doubt some of the peg-
matitic injections accompanied the regional
metamorphism. Others arve thought to have
been associated with certain injection gneisses
whose relative age is not yet known.

There are many bodies of pink granite that
are clearly later than the regional meta-
morphism. Perhaps the latest outburst of peg-

-1 Ransome, F. L., Geology of the Globe copper district,
Ariz.: U. 8. Geol. Survey Prof. Paper 12, p. 24, 1903.

3 Schrader, F. C.. Mineral deposits of the Cerbat Range,
Black Mountains, and Grand Wash Cliffs, Mohave County,
Arlz. : U. 8. Geol. Survey Bull. 397, p. 29, 1909.
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matitic activity accompanied or closely fol-
lowed the intrusion of these granites. The
pegmatites of this latest outburst cut every
group of rock in the Granite Gorge and record
the latest decipherable event in the igneous
activity of Archean time. Some of these pink
granitic intrusives are usually visible, from
whatever point the visitor may view the inner
canyon. Because of their wide distribution
and conspicuous appearance the name Granite
Gorge is not inappropriate, although pure
granite is far from being the most abundant
rock in the gorge.

The following summary, by Lindgren® of
the igneous activity in the Cordilleran region
in pre-Cambrian time is of interest in com-
parison with the present study of the Archean
in the Grand Canyon. The agreement seems
close enough to show that when the igneous
history of the pre-Cambrian in the Grand Can-
yon is unraveled it will be found to differ little
from that of the great region of which the
Grand Canyon district is a part.

Pre-Beltian:
Granitic gneisses (oldest) ; restricted areas.
Surface lavas and tuffs; restricted areas.
Granitic intrusions, now gneisses; small areas.
Basic intrusions; small areas.
Granitic intrusions; very large areas.
Pegmatitic intrusions; large areas.

Beltian: Diabase intrusions, probably with basalt

flows; small areas.

The pre-Beltian of Lindgren is the Archean
of the Grand Canyon. The Beltian is the
Algonkian Grand Canyon series; it is made up
in the Grand Canyon, as elsewhere, of diabase
intrusions and basalt flows.

The Archean complex of the Grand Canyon
is now known as the Vishnu schist in the usage
of the United States Geological Survey. It is -
evident, however, from the present study that
the name includes two or more very different
series of rocks. Doubtless it will be advisable
at some future time to restrict the name Vishnu
schist to the mica schist series and give another
name or names to the gneisses, but until a more
detailed study is made a change in the present
usage would be premature.

? Lindgren, Waldemar, The igneous geology of the Cordil-
leras and its problems: Problems of American geology, p.
246, Yale University Press, 1915.






NORTH AMERICAN UPPER CRETACEOUS CORALS OF THE GENUS
MICRABACIA.

By Lroyp WiLLIAM STEPHENSON.

INTRODUCTION.

Corals are meagerly represented in the Upper
Cretaceous deposits of North America, and
much of the material is in a poor state of preser-
vation and can not be satisfactorily identified,
either generically or specifically. It is impor-
tant, therefore, to place on record descriptions
and illustrations of some well-preserved corals
of the genus Micrabacia from the Atlantic and
Gulf Coastal Plain and from the western in-
terior of the United States. “ The specimens
from the Coastal Plain, with the exception of
those from New Jersey and one lot from Mis-
sissippi, are in a much better state of preserva-
tion than those I have seen from either the
western interior or Europe, though most of
them aroe soft and to insure their safe handling
it was found best to harden them with a dilute
solution of white shellac. ,

Seven species and two varieties have been
recognized. All are new with the exception of
Mzcmbacm americana Meek and Hayden, which
was originally described from poorly preserved
specimens found in South Dakota. They arc
all represented by small, free, disk-shaped, sim-
ple (that is, not colony: formmO) corallites, not
exceeding 10 millimeters in diameter. On ac-
count of their small size it is necessary to study
the specimens under a lens of moderately high
power, and to figure them adequately it is neces-
sary to enlarge them four to eight times.

One of the new species, M. cribraria, oceurs
in the upper part of the Black Creek formation
in North Carolina and the lower part of the
Ripley formation in Alabama. Poorly pre-
served specimens, questionably referred to this
species, have been found in the lower part of the
Selma chalk in Mississippi, and specimens in &
still poorer state of preservation but appar-

ently having the same type of basal sculpture
occur in the Woodbury clay in New Jersey.
The strata exposed at all these localities are of
approximately the same age and occur in the
upper part of the zone of Ezogyra ponderosa, a
fossil zone which has been traced from New
Jersey to Mexico. So far as known, therefore,
this species is confined within narrow stratl-
graphic limits and will probably prove to be a
valuable index fossil. ‘

All the other Atlantic and Gulf coast species
occur in the zone of Exogyra costata, which
overlies the Ezogyra ponderosa zone and which
also has been traced from New Jersey to
Mexico. Micrabacia americana Meek and Hay-
den and its variety multicostate are found in
the upper part of the Montana group of the
western interior of the United States, in beds
that correspond in age to the zone of Erxogyra
costate. None of these forms are known to
have a very wide geographic range, but within
faunal subprovinces they will probably prove
to be useful horizon indicators.

Little is known of the race history of the
genus. The oldest species referred to it is M.
beaumontii Milne-Edwards and Haime, from
the lower part of the Lower Cretaceous (Neo-
comian), Caussols, Department of Var, France.
If this species was correctly identified the ge-
nus therefore ranges through the Cretaceous,
but its pre-Cretaceous ancestors are unknown,
and apparently it became extinct before the
beginning of the Eocene.

The type species of the genus is M. coronula
(Goldfuss), from the chalk of Essen, Germany.
Milne-Edwards and Haime * have described one
species, M. beaumontii, from the Neocomian of

1 Annales sci. nat., 3d ser., vol. 15, p. 80, 1851.
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Caussols, Department of Var, France; Duncan *
has described a species, M. fittoni, from the
Gault (Albian) of Folkestone, England; and
Bolsche ? has described a species, M. senonien-
sis, from the Upper Senonian of Gehrden, Ger-
many, where it is associated with Belemnitella
mucronate Schlotheim. I have compared the
American material with typical specimens of
the type species, M. coronula (Goldfuss), and
have confirmed their generic identity. Exam-
ples of M. beaumontis, M. fittoni, and M. seno-
ntensis are not available for comparison, and
the figures are poor, so that I have not been able
to verify the correctness of their reference to
Micrabacia. . _

In 1905 T. Wayland Vaughan (see synonymy,
below) made the genus the type of the new fam-
ily Micrabaciide, under which he also included
the genera Diafungia Duncan, Microsmillia
Koby, Podoseris Duncan, and Antilloseris
Vaughan. This paper has been prepared under
the supervision of Mr. aughan, to whom I am
indebted for references to literature and for
constructive criticism in regard to the generic
relations, the classificatory value of the coral
characters, and the use of terms.

Mr. T. W. Stanton has informed me of the
stratigraphic position of the specimens from
the western interior, most of which were inade-
quately labeled.

The specimens of Micrabacia from Maryland
were collected by Messrs. Stanley Worden and
M. I. Goldman; those from North Carolina, by
me; those from the Chattahoochee region and
Alabama, by Mr. Stanton and me; those from
Mississippi, by me; those from Texas, by Mr.
R. H. Bruce; and those from the western inte-
rior by Messrs. Stanton, F. H. Knowlton,
Homer Squyer, H. M." Robinson, V. H. Bar-
nett, C. J. Hares, C. I&. Siebenthal, and W. C.
Knight.

1 British fossil corals, 2d sef., pt. 2, p. 37, pl. 14, figs. 6-9: Paleonto-

graphical Society, vol. 23, 1870.
2 Deutsch. geol. Gesell. Zeitschr. ,Band 18, pp. 472, 473, pl. 9, fig. 1, 1866.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1916.

SYSTEMATIC DESCRIPTIONS.
Genus MICRABACIA Milne-Edwards and Haime.

1816. Cyclolites. William Smith (not Lamarck), Strata
identified by organic fossils, p. 15.

Fungia. Goldfuss, Petrefacta Germaniee, vol. 1, p.
50, pl. 14, fig. 10.

Fungia. F.A.Roemer (not Lamarck), Die Verstein-
erungen des norddeutschen Kreidegebirges, p. 25.

Micrabacia. Milne-Edwards and Haime, Compt.
Rend. Paris Acad. Sci., vol. 29, p. 71.

Micrabacia. Milne-Edwards and Haime, A mono-
graph of the British fossil corals, p. xlvii, Paleon-
tographical Society.

Micrabacia. Milne-Edwards and Haime, Annales
gci. nat., 3d ser., Zoologie, vol. 15, p. 88.

Micrabacia. Milne-Edwards, Histoire naturelle des
coralliaires, vol. 3, p. 29 (amended).

Micrabacia. Duncan, A monograph of the British
fossil corals, 2d ser., pt. 2, p. 24, Paleontographical
Society, vol. 22.

Micrabacia. Meek and Hayden, A report on the
invertebrate Cretaceous and Tertiary fossils of the
upper Missouri country: U. S. Geol. and Geog.
Survey Terr. Rept., vol. 9, p. 1.

1826.
1840.
1849.

1850.

1851.
1860.

1869.

1876.

1884. Micrabacia. Duncan, Linnean Soc. London Jour.,
Zoology, vol. 18, p. 143. :
1905. Micrabacia. Vaughan, U. S. Nat. Mus. Proc., vol.

28, p. 387.
Type species, Fungio coronula Goldfuss.

The most complete previous description of
the genus is that given by Duncan:

Corallum simple, free, lenticular, broader than high,
convex above, slightly concave at the base, which has a
circular outline. Calice with a small shallow axial depres-
sion, filled by a false columella, from which the principal

_septa radiate, being joined with those of the higher orders

toward the circumference. Septa numerous, solid, imper-
forate, arched above, with a perpendicular outer edge.
Coste distinct on the base, bifurcating at the edge, a
process from two costee forming a septum. Intercostal
spaces continuous with the line of direction of the septa,
crossed by synapticula in concentric rows, and perforate
between the synapticula. Interseptal loculi crossed by
large and small synapticula, which radiate from the base
in discontinuous lines, bounding canalicular spaces con-
tinuous below with the intercostal openings and above
with the interseptal loculi high up. Coste granular.
Septa crenulate or minutely denticulate.
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Key to species of the genus Micrabacia.!

Costee absent in a sievelike central area of the base, which includes about 60 per cent of the basal diameter.
lations on septal edges ten to 1 millimeter...............

Costee extending to center of base:

Denticu-

........ M. cribaria Stephenson (p. 117, Pl. XX, figs. 1-3).

Costee of last cycle long (20 to 30 per cent of diameter in adults), thick at terminus:

Costax acute, denticulate:

Costee 96...oovee i .. et

M. americana Meek and Hayden (p. 118, P1. XX, figs. 4-5).

Costee more than 96.................. M. americana var. multicostata Stephenson (p. 119 Pl XX fig. 6).

Costze smooth.

Denticulations on septal edges eight or nine to 1 millimeter.

M. rotatilis Stephenson (p. 119, Pl. XXI, figs. 14).

Costze faintly beaded. Denticulations on septal edges nine or ten to 1 millimeter.
M. rotatilis var. georgiana Stephenson (. 120, P1. XXI, figs. 5-8).
Costee of last cycle short (7 to 18 per cent of diameter of base), thin at terminus:

Costee subacute, distinctly denticulate:
Denticulations of costee medium coarse.

septal edges ten to 1 millimeter...........
Denticulations of costee coarserthan in M. hilgards.
Denticulations on septal edges ten to 1 millimeter.

alternate in . prominence on the sides.

Denticulations of coste coarse.

Denticulations on septal edges twelve to 1 millimeter.

Corallum relatively high; sides steep. Denticulations on
...... M. hilgardi Stephenson (p. 120, P1. XXII, figs. 1-6).

Corallum large; sides evenlyrounded. Septal edges

M. marylandica Stephenson (p. 121, P1. XXII, figs. 7-10).
Lengths of

costae of last cycle more irregular and average length greater than in the two preceding species.

Costee flattish, faintly beaded:

M. inineo;ensis Stephenson (p. 122, P1. XXIII, figs. 6-8).

Corallum low, sides straight, inclined inward. Denticulations on septal edges eleven or twelve to 1
millimeter. ... M. mississippiensis Stephenson (p. 123, P1. XXIII, figs. 9-11).
Corallum high, sides nearly or quite vertical. Denticulations on septal margins seven to 1 millimeter.

Micrabacia cribraria Stephenson, n. sp.
Plate XX, figures 1-3.

Corallum subdiscoidal; base nearly flat,
upper surface convex, with axial depression
slightly less than 1 millimeter deep. Dimen-
sions of the type: Diameter 6.5 millimeters,
height 2.5 millimaters.

The under side of the wall or base to a radial
distance from the center of about 2 millimeters
is irregularly tuberculated and presents numer-
ous sievelike perforations roughly arranged in
radial rows corresponding to the positions of
the septa. The rough central area merges into
a costate marginal band, the coste numbering
96 and alternating with the septa. The coste
are thicker than the intercostal loculi, are
roughly tuberculated, and on the periphery
project prowlike somewhat beyond the edges
of thesepta. In eachintercostalloculus aresyn-
apticule separated by elongated perforations.

The septa are thin and form five complete
cycles, arranged in six groups, one group in
each of the interspaces between the six pri-
maries. Total number "of septa 96. The
secondaries extend to the columella; the ter-
tiaries fuse against the secondaries near

! Bxcluding the species M. beaumontii Milne-Edwards and Haime;
M. fittoni Duncan, and M. senoniensis Bolsche, the descriptions of which
are inadequate.

M. coronula Goldfuss (p. 124, Pl XXIIT, figs. 1-5).

the columella; the two outer quaternaries of
the group fuse against the tertiaries nearer the
center than the two inner ones; the two outer
quinaries of each of the two subgroups formed
about the tertiaries fuse against the quater-
naries nearer the center than the two inner
quinaries of each subgroup. The primary
septa are slightly higher than the members of
the higher cycles, and their upper margins
curve sharply downward into the central

.depression; the secondaries are slightly lower

than the primaries, and the tertiaries, quater-
naries, and quinaries each become progressively
slightly lower. The margins of the septa are
finely denticulate, the number being about ten
to 1 millimeter. Synapticulee are numerous;
striee are present on the sides of the septe at
the upper margins, apparently arranged fan-
like, though only partly exposed.

Colume]la elliptical in cross section, spongy,
trabecular, a certain number of the trabeculs
terminating in more or less scattered, irregu-
larly distributed papille; length of cross
section about one-fifth the diameter; width
about one-tenth the diameter. '

This species differs from the other species of
American Micrabacia in the arrangement of the
basal coste, which instead of extendmg to the
center merge into a perforated, irregularly
calcified, noncostate, sievelike area.
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Type—Collection of the United States
National Museum, catalogue No. 31996. From
Whiteley Creek Landing, Neuse River, N. C.
(5354).2

Distribution.—North Carolina: Snow Hill
marl member of Black Creek formation (upper
partof Ezogyra ponderosa zone), Whiteley Creek
Landing, Neuse River (5354) ; Kerrs Cove, Black
River (5362). Alabama: Lower part of Ripley
formation (upper part of Ezogyra ponderosa
zone), Union Springs at‘‘Conécuh Falls”’ (6820);
Central of Georgia Railway cut half a mile west
of Union Springs (6815). Mississippi: Lower
part of Selma chalk (upper part of Ezogyra
ponderose zone), questionably on the Tupelo
road 8 miles west of Fulton, Lee County (6452).

Micrabacia americana Meek and Hayden.
Plate XX, figures 4-5.

1860. erobacm coronula. Meek and Hayden, Philadel-
phia Acad. Nat. Sci. Proc., vol, 12, p. 430 (not
M. coronula, Milne-Edwards and Haime).

1876. Micrabacia americana. Meek and Hayden, A report
on the invertebrate Cretaceous and Tertiary fos-
sils of the upper Missouri country: U. 8. Geol.
and Geog. Survey Terr. Rept., vol. 9, p. 1, pl. 28,
figs. la—d.

The descmptlon given in the second _paper
cited above is as follows:

Corallum small, subplano-convex, or slightly concave
below, and ‘convex with a rather deep central depression
above. Intercostal foramina of the mural disk oval and
numerous. Rays or costee of the under side straight,
about 12 in the middle, but bifurcating so as to number
near 100 around the periphery, apparently denticulate.
Septa few at the center, but increasing by the intercala-
tion of smaller ones between, so as to equal the number
of costee, with which they alternate on the periphery, very
finely and sharply denticulate on the upper and lateral
edges.

This description can hardly be improved so
far as the type material is concerned, but that
material is so poorly preserved as scarcely to
permit satisfactory identification of other
material with it. The number of coste is
probably 96 on the periphery, and the group-
ing. of the coste and septa is probably the
same as in all the species described in this
paper, with the exception of M. americana var.
multicostata, which has a greater number of
costee and a slightly modified arrangement of
the coste within the groups.

Specimens from one locality in Wyoming
and several localities in Montana, all from the

1 Numbers in parentheses refer to United States Geologxca.l Survey
collection numbers, unless otherwise indicated.
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upper part of the Montana group, are referred
to this species, and one of them with well-pre-
served coste, associated in the same piece of
rock with M. americana var. multicostata, is
figured in Plate XX, figure 4. In this figured
specimen the coste, which number 96, are
arranged in six groups, 16 in a group; they
are acute, becoming thicker on the periphery,
and are . distinctly and rather finely denticu-
late. The bifurcations of the separate cycles
are at irregular distances from the center;
the coste of the highest cycle are relatively
long (1.5 to 2 millimeters), in this respect re-
sembling those of M. rotatilis. The synapti-
culee in the intercostal loculi extending to the
center number 12 or more and are separated
by radially elongated perforations. The sy-
napticulee and perforations are not definitely
arranged in concentric rows. Other fragments
in the same matrix indicate that the septa
are thin and correspond in number to the
coste®, with which they alternate; on the sides
of the septa are striee and rows of synapticule
and tubercles radiating fanlike from a point
near the base of the columella. The septa are
attached to the wall by a row of synapticule
that connect with the intercostal synapticulze.

The strongly denticulate coste serve to dis-
tinguish this species from M. rotatilis and M.
rotatilis var. georgiana, its nearest allies in the
Coastal Plain.

Type.—Collection of United States National
Museum, Catalogue No. 456. From Moreau
River, S. Dak.

Occurrence—Fox Hills sandstone, Moreau
River, S. Dak. (U.S.N. M. catalogue No. 456);
questionably identified from the Bearpaw
shale, Forsyth project, sec. 26, T. 1 N., R.
34 E., Montana (8133); questionably identified
from the Pierre shale (upper part), 4 miles
northeast of Moorcroft, Wyo. (7208); ques-
tionably identified from the Montana group
(probably upper part), 20 miles southwest of
Mingusville, Mont. (Homer Squyer collection,
U. S. N. M. catalogue No. 22976); and from
“Montana,” probably from the Montana group
(upper part), and perhaps from the locality 20
miles southwest of Mingusville (Homer Squyer
collection, U. S. N. M. catalogue No. 21896).

Range.—Upper part of the Montana group,
including the upper part of the Pierre shale and
the Fox Hills sandstone. '
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Micrabacia americana var. multicostata Stephenson,
n. var.

Plate XX, figure 6.

This variety is based on one specimen 7 milli-
meters in diameter, showing only the under
side of the wall (base). In the same matrix
are other specimens and fragments which prob-
ably belong to M. americana Meek and Hayden.
The costee are acute, sharply defined, distinctly
and finely denticulate and number 123 at the
periphery; two coste fail to reach the margin,
being suppressed or crowded out by adjacent
ones. In general appearance the sculpture of
the base resembles that of M. americana Meek
and Hayden. The coste are separable into
six groups, but the number of coste extending
to the margins of the group is not uniform,
some of the cycles not being complete. The
number of coste in the six groups taken in suc-
cession about the disk are 22, 22, 20, 22,.19,
and 18; one costa is crowded out in each of the
last two groups.
cycle are at very irregular distances from the
center. The intercostal loculi are crossed by
synapticulee, which in the loculi extending to
the center number 12 or more.. The synapticu-
lee are separated by radially elongated perfora-
© tions. '

This variety diffars from all the known spe-
cies of Micrabacia in that it possesses 123
instead of 96 costee. The lack of uniformity in
the number of coste in the groups and the
obvious crowding out of one costa in each of
two groups suggests that the type specimen
may be abnormal. The fact that three of the
six groups of costee number 22 suggests that
the total number of costee in a normal specimen

would be 132, though this would mean at least.

one incomplete cycle of costee.
Type.—Collection of United States National
Museum, catalogue No. 31997.
Occurrence.—Cretaceous of ‘““ Montana,” prob-
ably from the upper part of the Montana group,
and perhaps from the locality 20 miles south-
west of Mingusville (Homer Squyer collection).

Micrabacia rotatilis Stephenson.
Plate XXI, figures 1-4.

1916. Micrabacia rotatilis. Stephenson, Maryland Geol.
Survey, Upper Cretaceous, pp. 753-755, pl. 49,

figs. 1-4. .
Corallum subdiscoidal ; moderately high, with
flat to rather strongly concave base; sides steep

The bifurcations -of each:
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below, rounding evenly into the subflattish top;
axial depression 1.5 to 2 millimeters deep.
Dimensions of the type: Diameter 9 millime-
ters, height about 4 millimeters.

The coste on the base are thin.and sharply
defined and alternate with the septa; they start
with six at the center and by successive bifur-
cations increase to 96 on the periphery; they
are nearly smooth and increase slightly in thick-
ness from the center to the periphery. The
costee are in six groups corresponding to the
groups of septa. Each group starts with one
costa (first oycle), which bifurcates near the
center to form two costee (second oycle) ; these
bifurcate 0.5 millimeter from the center to
form four coste (third cycle); the four bifur-
cate about 1 millimeter from the center and pro-
duce eight costee (fourth cyecle); and the eight
bifurcate 1.5 to 2 millimeters from the center,
producing 16 costee (fifth cyle) ; in the last cycle
the bifurcations producing the two outer and
the two middle pairs of - the. group. take. place
nearer the center than those of the other four -
pairs; in the largest specimens the pairs of
costee in the last cycle are 2.5 to 3 millimeters
long. The ends of the coste are prowlike but
scarcely project beyond the edges of the septa.
The intercostal loculi are narrow and are crossed
by small synapticule separated by radially
elongated perforations; in the type the perfora-
tions in the intercostal loculi extending to the
center number 18; the intercostal synapticulse
and -perforations are roughly arranged in con-
centric rows. .

The septa are thin and form five complete
cycles arranged in six groups, one group in each
of the interspaces between the primary septa.
Total number of septa 96. The secondaries
extend to the columella; the tertiaries fuse
against the secondaries near the columella; the
two outer quaternaries of the group fuse against
the tertiaries nearer the. center than the two
inner ones; the two outer quinaries of each of
the subgroups formed. about the tertiaries fuse
against-the quaternaries nearer the center than
the two inner ones. The primary septa are a
little higher than the members of the higher

-cycles, and the septa of each of the succeeding

cycles appear to be a little lower than those of
the preceding cycles. The edges of the septa
are finely and distinctly denticulate, the num-
ber of denticulations being eight or nine to 1
millimeter; the inner edges of the primaries and
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secondaries are bifid, each presenting a trough-
like depression with serrated margins descend-
ing to the top of the columella; sides of septa
with strie, tubercles, and rows of synapticule
radiating fanlike from a point near the base of
the columella. Each septum is joined to the
wall (base) by synapticule that connect with
the intercostal synapticulee. These are sepa-
rated by perforations that conmect with the
intercostal perforations.

Columella elliptical in cross section, spongy,
trabecular, some of the trabecule terminating
above in more or less scattered, irregularly dis-
~ tributed small papille; length of cross section
about one-sixth the diameter; width about one-
twentieth the diameter.

This species differs from other species of
Micrabacia from the Coastal Plainin the greater
sharpness and smoothness of the basal coste,
the greater irregularity in the distance of the
bifurcations of the several cycles from tho
center, the greater length of the coste of the
last cycle, the greater number of intercostal
perforations, and the greater size attained by
the adults. It is distinguishable from M.
‘rotatilis var.. georgiana by its smoother and
slightly thicker coste. M. americana Meek
and Hayden and its variety, multicostata, have
more strongly denticulate bases. In M. coro-
nula (Goldfuss), of the European Cretaceous,
the denticulations of the septal edges are
markedly coarser than those of any of the
American species.

Type.—Collection of the Maryland Geo-
logical Survey, on deposit in the United States
National Museum. From a locality seven-
eighths of a mile southwest of Brightseat, Md.

Distribution.—Prince Georges County, Md.,
Monmouth formation (Ezogyra costata zone),
bed of small branch about seven-eighths of a
mile southwest of Brightseat and three-
cighths of a mile south of the Sheriff road;
near McNeys Corners, about a mile west of
Friendly; questionably near Seat Pleasant. -

Range.—The three localities enumerated are
within the Exogyra costata zone.

Micrabacia rotatilis var. georgiana Stephenson, n. var.
Plate XXI, figures 5-8. ‘

This variety is based on four nearly complete
specimens and several fragments from Mercers
Mill Creek near Georgetown, Quitman County,
Ga., which possess most of the specific charac-
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ters of M. rotatilis except that the coste are
thinner and sharper, producing a more open
effect, and instead of being nearly smooth are
rather faintly denticulated, though strougly
enough to produce a rougher appearance than
that of the more typical members of the
species. The synapticule on the sides of the
septa seem also to be a little coarser, and there
is a tendency for the strie to be replaced by
rows of small tubercles. The number of den-
ticulations on the margins of the septa is nine
or ten to 1 millimeter. Dimensions of the
type (Pl. XXI, figs. 5-7): Diameter, 6.5
millimeters; height, 2.75 millimeters.

Type.—Collection of United States National
Museum, catalogue No. 31998.

Occurrence.—Upper part of Ripley forma-
tion (upper part of Exogyra costata zone),
Mercers Mill Creek near Georgetown, Quitman
County, Ga. (5417).

Micrabacia hilgardi Stephenson, n. sp.
Plate X XTI, figures 1-6.

Corallum somewhat variable, but in general
moderately high, subdiscoidal, W1th steep, only
slightly convex ‘sides, suggesting a truncated
cone; base flat, slightly convex or slightly con-
cave; axial depression small and about 1 milli-
meter deep in the type, with steep sides.
Dimensions of the type (Pl. XXII, figs. 4-6):
Diameter 5.5 millimeters, height 3 mllhmeters

The costee on the base or wall start with six
and by successive bifurcations reach 96 on the
periphery; they alternate with the septa.
Each of the six original coste (first cycle) is
the focus of a group; the original divides near -
the center into two (second cycle); these split

‘| about 0.5 millimeter from the center to form

four (third cycle); the four split 1.25 to 1.5
millimeters from the center toform eight (fourth
cycle); and finally the eight split on the periph-
ery to form 16 (fifth cycle). The bifurcations
of each cycle are at rather markedly irregular
distances from the center. Up to the fourth
cycle the coste are coarsely denticulate; those .
of the last cycle are thin, sharp, and finely den-
ticulate, and form a narrow band bordering the
periphery; they project slightly beyond the
periphery. In the narrow intercostal loculi
are synapticule numbering 12 in the loculi
extending to the center, separated by slightly
elongated perforations; the intercostal synap-
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ticule and perforations are arranged in con-
centric rows.

The septa are thin and are separable into six
groups, each group -occupying the interspace
between two of the six primaries. Total
number of septa 96. The secondaries extend
to the columella; the tertiaries are fused
against the secondaries near the columella;
the two outer quaternaries of each group are
fused against the tertiaries nearer the center
than the two inner ones; and the two outer
quinaries of each subgroup formed about the
tertiaries are fused against the quaternaries
nearer the center than the two inner ones.
The primary septa are slightly higher than the
secondaries, and their inner edges descend
steeply to the top of the columella; the mem-
bers of each of the succeeding cycles are slightly
lower than those of the preceding cycles. Mar-

" gins of the septa finely denticulate, the denticu-
lations numbering about twelve to 1 millimeter.
Sides of septa with striee, tubercles, and synap-
ticulse radiating fanlike from a point near the
base of the columella. Each septum is joined
to the wall (base) by synapticule that connect
with the intercostal synapticulee; these are
separated by perforations that connect with
the intercostal perforations.

Columella elliptical, spongy, trabecular, cer-
tain of the trabecule terminating above in
more or less scattered, irregularly distributed
papille; length of the cross section a little less
than one-fifth the diameter; width a little less
than one-tenth the diameter.

This species differs from M. marylandica in
size and form, being smaller and having
straighter sides, which incline slightly more
toward the center; the coste are not quite so
thick, the costal denticulations are a little
finer, the bifurcations of the separate cycles
are at more irregular distances from the center,
and the edges of the septa on the sides of the
corallum do not alternate in prominence. In
M. cribraria the corallum is flatter and only the
outer cycle of basal coste are clearly distin-
guishable, the other cycles being obscured by
calcification; in M. rotatilis the corallum is
flatter and the costee are thinner, sharper, and
much smoother, and the coste of the last cycle
are much longer; in M. americana Meek and
Hayden the corallum is flatter, the basal coste
are thinner, and the costee of the last cycle are
much longer and not so thin at the extremities;
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in M. mississippiensis the corallum is flatter,
the basal coste are thinner and smoother, and
the bifurcations of the separate cycles are at
less regular distances from the center. In the
European species M. coronula (Goldfuss) the
denticulations on the margins of the septa are
markedly coarser.

Type.—Collection of United States National
Museum, catalogue No. 32001. From Lee’s
old mill site, Union County, Miss. (6873). -
Named in honor of Prof. E. W. Hilgard, former .
State geologist of Mississippi.

Distribution.—Mississippi: Ripley formation
(Exogyra costata zone), Lee’s old mill site, 2
miles northeast of Keownville, Union County
(6873). Chattahoochee region: Upper part of
Ripley formation (Ezogyra costata zone),
Eufaula, Ala. (854); Mercers Mill Creek near
Georgetown, Ga. (5417); Chattahoochee River,
2 miles below Eufaula (857).

Range.— Exogyra costata zone.

Micrabacia marylandica Stephenson.
Plate XXII, figures 7-10.

1916. Micrabacia marylandica. Stephenson, Maryland
Geol. Survey, Upper Cretaceous, pp. 755757, pl.
48, figs. 1-4."

This species is based on seven good speci-
mens and a few fragments from the Monmouth
formation of Maryland.

Corallum low to ‘moderately high, subdis-
coidal, base flat or slightly convex, top evenly
convex with a small axial depression about 1.25
millimeters deep in the type. Dimensions of
the type (Pl. XXII, fig. 10): Diameter 7 milli-
meters, height 3 millimeters.

" The under side of the base or wall is orna-
mented with a system of radiating bifurcating
costee which alternate with the septa; the sys-
tem starts with six costa, which by successive
bifurcations form -cycles of 12, 24, 48, and 96
coste. Each of the original six coste (first
cycle) is the focus of a group; the original of
each group splits near the center into two (sec-
ond cycle); these split 0.5 millimeter from the
center into four (third cyecle); about 1.5 to 1.75
millimeters from the center the four costz
divide, to form eight (fourth cycle); and about
2.5 millimeters from the center in the type
the eight divide, producing 16 coste (fifth
cycle) on the outer rim. The bifurcations of

‘each cycle are at nearly equal distances from

the center. The costee up to the fourth cycle
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are relatively thick and coarsely nodular;
those of the last cycle are thin, finely denticu-

late, and form a band about 0.75 millimeter -

wide, bordering the outer margin; they ap-
pear not to project beyond the edges of the
septa. The intercostal loculi are very narrow
and are occupied by 12 or 13 synapticule sepa-
rated by perforations, most of which are slightly
elongated radially; the synapticule and perfo-
rations are arranged in concentric rows.

The septa are very thin and are arranged in
six groups, one group in each of the interspaces
between the primary septa. Total number of
septa 96. The secondaries extend to the
columella; the tertiaries fuse against the
secondaries near the columella; the two outer
quaternaries of the group fuse against the
tertiaries nearer the center than the two inner
ones; in each of the two subgroups formed
about the tertiaries the two outer quinaries
fuse against the quaternaries nearer the center
than. the two inner ones. The primary septa
are slightly higher than the members of the
higher cycles, which appear to be of about
equal height. On the sides of the corallum
the septa distinctly alternate in prominence.
Margins of the septa finely denticulate, the
number of denticulations being about ten to 1
millimeter. Sides of septa with strie and
rows of synapticule and tubercles radiating
from a point near the base of the columella.

Columella elliptical, spongy, trabecular, some
of the trabecule terminating in more or less
scattered, irregularly distributed, small papille;
length of cross section between one-fifth and
one-sixth the diameter; width about one-tenth
the diameter. .

Micrabacia hilgards differs from this species
in size, form, and ornamentation of the base;
its corallum is smaller, the sides straighter
and more inclined, and the septal edges on the
sides of the corallum do not alternate in promi-
nence; the bifurcations of its separate cycles
of costee are at more irregular distances from
the center, and the coste are thinner and more
finely denticulate. In M. cribraria the coste
and perforations of the base are largely
obscured by irregular calcification, and the
costee project more prominently on the periph-
ery. In M. mississippiensis the basal coste
are narrower, smoother, and flatter, the bifur-
cations of each cycle are more irregularly
spaced with reference to the center, and the
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profile of the side of the corallum is not so
steep and is slightly truncated. In M. rotatilis
the basal coste are thinner, sharper, and
much smoother. In M. americana Meek and
Hayden the coste are narrower and sharper,
and the bifurcations producing the last cycle
are much nearer the center and at less regular
distances from the center. In M. coronula
(Goldfuss) the corallum is higher and the
septal denticulations coarser.

Type.—Collection of the Maryland Geolog-
ical Survey, on deposit in the United States
National Museum. Found seven-eighths of a
mile southwest of Brightseat, Prince Georges
County, Md.

Occurrence.—Monmouth formation (Erogyra
costata zone), bed of small branch seven-eighths
of a mile southwest of Brightseat and three-
eighths of a mile south of the Sheriff road,
Prince Georges County, Md.; half a mile west of
Friendly, Prince Georges County, Md.

Micrabacia mineolensis Stephenson, n. sp.
Plate XXIII, figures 6-8.

The description of this species is based on
two imperfect specimens, of which the one
shown in Plate XXIII, figure 6, is taken as the
type.

The corallum is crushed in both specimens
but appears to be of moderate height, with
steep to nearly vertical, gently convex sides;
axial depression of moderate size and about
0.75 millimeter. deep in the type; base slightly
concave in both specimens. Dimensions of the
type: Diameter 5.5 millimeters, height 2.5
millimeters ( ?).

The coste on the base start with six at the
center and by successive bifurcations reach 96
on the periphery; they alternate with the septa.
The coste are in six groups, each group having
as its focus one of the original six costee (first
cycle); the original divides near the center into
two (second cycle); the two divide about 0.5
millimeter from the center to form four (third
cycle); these divide about 1 to 1.25 millimeters
from the center to form eight (fourth cycle);
and the eight divide 1.25 to 2 millimeters from
the center to form 16 (fifth cycle). The coste
of the fifth cycle are 0.75 to 1.5 millimeters
long. The bifurcations forming the costee of
the third, fourth, and fifth cycles are at rather
markedly irregular distances from the center.
Up to and including the fourth cycle the costee
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are thick and coarsely denticulate; those of the
fifth cycle are thin, sharp, and finely denticulate
and project a little beyond the edges of the
septa. The interseptal synapticule, which
number 12 or 13 in the loculi extending to the
center, are separated by radially elongated
perforations.

The septa are thin and are separable into six
groups, each group occupying the interspace
between two of the six primaries. Total num-
ber of septa 96. The secondaries extend to the
columella; the tertiaries fuse against the sec-
ondaries near the columella; the two outside
quaternaries of each group fuse against the ter-
tiaries nearer the center than the two inner
quaternaries; and the two outside quinaries of
each subgroup formed about the tertiaries are
fused against the quaternaries nearer the center
than the two inner ones. The primary septa
are slightly more prominent than the second-
aries, their inner edges descending steeply to
the top of the columella; the members of each
of the succeeding cycles appear to be slightly
lower than those of the preceding ones. Mar-
gins of the septa finely denticulate, the beads
numbering 12 to 1 millimeter. Sides of septa
not uncovered.

Columella elliptical, the length of the cross
section at the top being about one-fifth the
diameter and the width about one-tenth the
diameter. The columella is spongy and trabec-
ular, certain of the trabecule terminating
above in more or less scattered, irregularly dis-
tributed papille.

This species is most nearly related to M.
hilgardi and M. marylandica, from which it
may be distinguished by its coarser and more
roughly denticulated base and by the greater
average length of the coste of the last cycle.

Type.—Collection of United States National
Museum, catalogue No. 32006.

Occurrence.—Probably Navarro formation
(Exzogyra costata zone), well of Hoard Oil & Gas
Co., 7 miles east of Mineola, Wood County,

" Tex.; collected at a depth of 3,146 to 3,160 feet
(9369). ,

Micrabacia mississippiensis Stephenson, n. sp.

Plate XXTII, figures 9-11.

This species is based on one specimen from
the Ripley formation of Mississippi. Coral-
Jluna low, subdiscoidal, with flat base, moder-
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ately steep, slightly convex sides, and axial
depression about 0.75 millimeter deep. Di-
mensions: Diameter, 6 millimeters; height, 2
millimeters.

Under side of wall (base) ornamented with
sharply defined, moderately thick, flattish,
coarsely but rather faintly nodular . coste
which alternate with the septa; they start
with six at the center and by successive bi-
furcations reach 96 on the periphery. Each
of the original six coste is the center of a
group. The original (first cycle) of the group
divides near the center into two (second cycle),
"and these divide to form four (third cycle) at
less- than 0.5 millimeter from the center; of
the four costee the two outside ones divide
about 1 millimeter and the two inside ones
about 1.5 millimeters from the center, form-
ing eight (fourth cycle); of the eight coste the
two outside ones.divide about 1.75 millimeters,
the two middle ones about 2.25 millimeters,
and the other four about 2.5 millimeters from
the center, forming 16 (fifth cycle). The dis- '
tances of the bifurcations of each cycle from
the center are thus rather markedly irregular.
The costee of the last cycle are thinner than
those of the lower cycles, their ends are
prowlike, and they project slightly beyond
the septa. The narrow intercostal loculi are
crossed by concentrically- arranged synap-
ticulee numbering 12 or 13 in the loculi extend-
ing to the center; the synapticul® are separ-
ated by radially elongated perforations. 4

The septa are thin and are arranged in six
groups with six primaries and four complete
higher cycles, making a total of 96 on the
periphery. Each group occupies one of the
interspaces between two of the primaries.
The secondaries extend to the columella; the
tertiaries are fused to the secondaries near the
columella; the two outside quaternaries of
each group are fused to the tertiaries nearer the
center than the two inner ones; in each of the
subgroups formed about the tertiaries the two
outer quinaries are fused against the quater-
naries nearer the center than the two inner
ones. The primary septa are slightly higher
than the members of the higher cycles, and
those of each of the succeeding cycles are

| slightly lower than those of the preceding

cycles. The margins of the septa are set with
beadlike denticulations, the number being

about 11 or. 12 to 1 millimeter. The inner



124

edges of the primaries where they descend to
the top of the columella are set with a double
row of denticulations. The sides of the septa
are not well exposed except in one small area
near the top, on which are rows of prominent
tubercles radiating fanlike from within.-

Columella elliptical in cross section, spongy,
trabecular, some of the trabecul® terminat-
ing in more or less scattered, irregularly dis-
tributed nodular processes. Length of cross
section about one-sixth the diameter; width
about one-tenth the diameter. 4

The other American species of Micrabacia
differ from this species in the following charac-
ters: In M. cribraria the irregular calcification
has obscured all but the last cycle of basal
coste; the corallum of M. hilgardi is higher, the

sides are steeper, and the costz of - the last |

cycle.are shorter; in M. marylandica the bifur-
cations of the separate cycles of coste are at
more regular distances from the center, and
the average length of the coste of the last
cycle is less; in M. americana Meek. and
Hayden and M. rotatilis the costee are thinner
and sharper, and the coste of the last cycle are
markedly longer. The septal denticulations of
M. coronula (Goldfuss) of the European Cre-
taceous are coarser than in any of the Ameri-
can species.

Type.—Collection of United States National
Museum, catalogue No. 32008.

Occurrence.—Ripley formation (Ezogyra cos-
tata zone), Lee’s old mill site, 2 miles northeast
of Keownville, Union County, Miss. (6873).

Micrabacia c_oi'onula (Goldfuss).
Plate XXTII, figures 1-5.

1826. Fungia coronula. , Goldfuss, Petrefacta Germanize,
vol. 1, p. 50, pl. 14, fig. 10.

Fungia coronula. F. A. Roemer, Die Versteinerun-
gen des norddeutschen Kreidegebirges, p. 25.

Micrabacia coronula. Milne-Edwards and Haime,
Compt. Rend., vol. 29, p. 71. .

Micrabacia.coronula. Milne-Edwards and Haime, A
monograph of the British fossil corals, p. 60, pl.
10, figs. 4, 4a-c (with a synonymy), Paleontographi-
cal Society.

Micrabacia coronula. Milne-Edwards, Histoire natu-
relle des coralliaires, vol. 2, p. 29 (with synony-

my).

1840.
1849.

1850.

1860.

1862.
2d ed., vol. 1, p. 47, pl. 14, fig. 10.

1884. Micrabacia. Duncan, Linnean Soc. London Jour.,
Zoology, vol. 18, p. 143.
1905. Micrabacia. Vaughan, U. 8. Nat. Mus. Proc., vol.

28, p. 387 (Duncan’s description quoted).

Fungia coronula. Goldfuss, Petrefacta Germanize, |
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An account and illustrations of Micrabacia
coronula (Goldfuss) are included for purposes
of reference and comparison. The descrip-
tion of Milne-Edwards and Haime is quoted in
full below: -

Corallum simple, lenticular, short; its under surface
horizontal or slightly concave; its upper surface somewhat
convex. Mural disk completely naked and regularly
perforated by small intercostal pores. Coste closely set,
almost straight, equally narrow, not prominent, and but
slightly echinulated; only 12 of them arise in the center
of the disk, but these soon bifurcate, and the 24 costa so
formed soon divide again; at about half the distance from"
the center to the circumference of the disk each costa
bifurcates once more, and the two terminal coste so
formed are grouped two by two toward the periphery of
the disk. The granulations which form all these coste are
not very distinct and are arranged in single lines. Calic-
ular fossula small and not very deep, but well marked and
rather elongated laterally. Columella very small, oblong,
and. subpapillose. Septa forming five complete cycla,
and corresponding to the intercostal spaces; those of the
last cyclum quite rudimentary; the others tall, thin,
straight, and united by subspiniform trabicule. Those
of the first cyclum larger than the others and augmenting
slightly in thickness toward the middle; the secondary
ones almost aslarge; all delicately denticulated along their
upper edge, and much thinner toward their outer and
inferior angle than in any other part. Diameter, three or
sometimes four lines; height, one line and a half.

" The above-described fossils were found in the Green-
sand at Warminster, in Wiltshire, and according to Wil-
liam Smith, who was the first author that mentions this
fossil, are also met with at Chute Farm and Puddle Hill,
near Dunstable.

By an attentive comparison with the specimens de-
cribed- by Goldfuss and belonging to the Poppelsdorff
Museum at Bonn, we have ascertained the specific iden-
tity of this British coral with the Fungia coronula found in
the chalk of Essen. Specimens exist in Mr. Bowerbank’s
cabinet and in the collections belonging to the Geological
Society, the Museum of Paris, the Museum of Bonn, and
M. Defrance at Sceaux, who has designated it by the un-
published name of Fungia dubia.

Duncan’s description of the genus, which
amounts to a nearly complete description of
the species, is quoted on page 116." To these
descriptions I may add that, as in the Ameri-
can species, the septa probably start with six
instead of 12, and by successive intercalations
in four additional complete cycles increase to
96 in the adult. Likewise the basal coste
start with six and by successive bifurcations in
five complete cycles reach 96 on the periphery.

Compared with the American forms the den-
ticulations on the edges of the septa are some-
what coarser (seven to 1 millimeter), the axial
“depression is shallower, the adults attain a
larger size, and, though somewhat variable in
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form, the profile is in general more nearly verti-
cal on the sides..

The specimens in the two lots indicated be-
low, which are supposed to be typical of M.
coronula (Goldfuss), are in very different states
of preservation; those from the British Mu-
seum are filled with matrix; those from Hol-
land are free from matrix, but the coste are
missing and the margins of the septa are im-
perfect, so that they are scarcely specifically
identifiable with the other material.

* Distribution.—According to Goldfuss the
species occurs in the ““Mergelgrand’’ at Essen,
Prussia, and Milne-Edwards and Haime state
that in England it occurs in the [upper] Green-
sand (Albian). (See quotation, p. 124.) Milne-
Edwards gives the occurrence and distribution
as “‘Group de la craie tuffeau: Le Maus, Essen,
Warminster.” Specimens in the collection of
the United States National Museum are
labeled as follows:

U. 8. N. M. Cat. No. 155214. Folx-les-Caves, Holland,
Cretaceous, Group de la craie tuffeau. )

U. 8. N. M. Cat. No. 156436. Obtained from the British
~ Museum (no locality given).

Three specimens from the first locality,
figured on Plate XXIII, figures 3, 4, and 5, are
renumbered catalogue Nos. 32002 and 32003;
two specimens from the second lot, figured on
Plate XXIII, figures 1 and 2, are renumbered
catalogue Nos. 32004 and 32005. -

UNIDENTIFIED SPECIMENS OF MICRABACIA.

Specimens of Micrabacia too poorly pre-
served for satisfactory specific identification
have been found in the western interior at the
following localities: Pierre shale (upper part),
5 miles southwest of Marmarth, N. Dak.
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(7971), and about 3 miles southeast of Moor-
croft, Wyo., approximately 75 feet below the
Fox Hills sandstone (6520); Montana group
(upper part), Old Cooper Creek Crossing, Lara-
mie Plains, Wyo. (U. S. N. M. catalogue No.
28528); Montana group (upper part), Ben
Gaugh’s ranch, Cooper Creek, 20 miles north-
west of Laramie, Wyo. (3479). :

Specimens of Micrabacia referred by Weller!
to M. americana Meek and Hayden have been
found in New Jersey at the following localities:

Merchantville clay, near Matawan; Wood- .
bury clay, Lorillard, near Matawan and near
Haddonfield; Wenonah sand, near Crawfords
Corner. '

Through the courtesy of Dr. H. B. Kiimmel
I have examined Weller’s figured specimens
from the Woodbury clay near Lorillard, and
the lots from the Woodbury clay and from the
Merchantville clay near Matawan, all of which
appear to be too poorly preserved for satisfac-
tory specific identification. Squeezes made
from prints of the bases of the specimens from
Lorillard suggest the type of sculpture exhib-
ited by M. cribraria rather than that of M.
americand.

Dr. Weller states, in a letter recently re-
ceived, that the material from Haddonfield
examined by him was in the collection of the
Academy of Natural Sciences of Philadelphia.
Dr. H. A. Pilsbry, in response to a letter of in-
quiry, states that he can not find these speci-
mens in. the collection, and apparently they

| have been lost, a most unfortunate circum-

stance, because, according to Dr. Weller, they
were préserved intact, and not in the form of
molds, as were the other New Jersey specimens.

! Weller, Stuart, Cretaceous paleontology of New Jersey: New Jersey
Geol. Survey, Paleontology, vol. 4, p. 271, pl. 5, figs. 14-17, 1907.
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FI1GURE 4.

FIGURE 6.

PLATE XX.

Micrabacia cribraria Stephenson, n. sp. (p. 117).

Calicular view of the type, X 4, from the Snow Hill marl member of the Black Creek formation (upper
part of Exogyra ponderosa zone), Whiteley Creek Landing,-Neuse-River, N. C. (U. 8. G. S. collection
5354; U. S. N. M. catalogue No. 31996.) The periphery and margins-of all the septa are imperfect. -

. Side view of the type, X 8; the upper portions of the septal edgesare imperfect. - ,
. Basal view of the type, X 8; the ends of the costee and portions-of the surface are-imperfect.-

Micrabacia' americana Meek and Hayden (p. 118).

Basal view of a specimen; X 8, from “Montana,’’ probably from the upper part of the Montana group, and
perhaps from a locality 20 miles southwest of Mingusville. - (Homer Squyer collection, U. S. N. M. cata
logue No. 21896.) :

. View of a broken specimen in the same collection, partly restored by retouching; showing the profile through

the center and faint indications of the characters on the sides of the septa. (U. S. N. M. catalogue No.
21896.)
Micrabacia americana var. multicostata Stephenson, n. var. (p. 118).

Basal view of the type, X 8, from ‘“Montana,” probably from the upper part of the Montana group, and
perhaps from a locality 20 miles southwest of Mingusville. (Homer Squyer collection, U. S. N. M. cata
logue No.-31997.)
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F1GURE 1.

Fraure 5.

PLATE XXI.
Micrabacia rotatilis Stephenson .(p. 119).

Calicular view of the type, X 4, from the Monmouth formation (Ezogyra costata zone), bed of a small branch
about seven-eighths of a mile southwest of Brightseat, and three-eighths of a mile south of the Sheriff road,
Prince Georges County, Md. (Collection of the Maryland Geological Survey.,.on deposit in the United-
States National Museum.) The septal edges are imperfect and the mterseptal loculi are filled with
matrix.

. Side view of the type, X 8; the interseptal loculi are ﬁlled with matrix and the upper part of the corallum

is imperfect.

. Vertical internal cross section of the type, X 8; broken through the center, showing the sides of septa, the

spongy columella, and the intercostal perforations of the base.

. Basal view of the type, X 8, showing the character and grouping of the costee.

Micrabacia rotatilis var. georgiana Stephenson,.n..var..(p..120). -.

Calicular view of the type, X 4, from the upper part of the Ripley formation (Exogyra costata zone), Mercers
Mill Creek near Georgetown, Ga. (U.S.G.S. collectlon 5417; U.S.N. M. catalogue No. 31998.) The
upper edges of the septa are imperfect.

. Side view of the type, X 8; the interseptal loculi are filled with mamx and the upper part of the corallum

is nnperfect

. Basal view of the type, X 8, showing the character and grouping of the septa.
. Vertical internal cross section of a fragmentary specimen from the type locality (U S.G'S. collection 5417; .

U.S.N.M catalogue No. 31999), showing the side of a septum and the intercostal perfo:altwns of the base.
' ' T 129
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PLATE XXITI.
Micrabacia ﬁilgardi Stephenson, n. sp. (p. 120).

Calicular view, X 4, of a specu:nen from the upper part of the Ripley formation (Ezogyra costata zone),
Mercers Mill" Creek near George'oown Quitman County, Ga. (U. S. G S. collection 5417, U. S. N.'M.
catalogue No. 32000.) The upper edges of the septa are imperfect. ~

. Side view of the same specimen, X 8, showing the septal margins and the prowlike ends of the costee.
. Bagal view of the same specimen, showing the character and grouping of the costz.
. Calicular view of the type, X 4, from the Ripley formation (Exogyra costata zone), Lee’s old mill site, 2

miles northeast of Keownville, Union County, Miss. (U.8.G. S. collection 6873; U, S. N. M. catalogue
No. 32001.) The edges of the septa are imperfect and the interseptal loculi are filled w1th matrix.

. Side view of the’ type, X 8, showing the septal edges and the prowhke ends of the coste.
. Basal view of the type, X 8, showing the character and grouping of the costee.

Micrabacia marylandica Stephenson (p. 121)

Calicular view of a, spec;mcn, X 4, from the Monmouth formation (Ezogyra costata zone), bed of a small

_ branch about seven-eighths of a mile southwest of Brightseat, and three-eighths of a mile south of the
" Sheriff road, Prince Georges County, Md.- (Collection of the Maryland Geological Survey, on deposit in
the United States Na.tlonal Museum.) The edges of the septa are imperfect and the intefseptal loculi
are filled with matrix.:

. Side of the same specimen, X 8, showmg the septal edges and the prowhke ends of the costze.
. Vertical cross section of a specimen, X 8, in the same collection, showmg the sides of the septa, the spongy

columella, and the, mtercostal perforatlons of the base.
Basal view of thé type, X 8 ih ‘the same’collection, showing the character and’ groupmg ‘of the coste.
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Figure 1.
2.

3,4.

Fiaure 6.

Fi1GURE 9.

10.
11.

PLATE XXIII.
Micrabacia coronula (Goldfuss) (p. 124).

Side view of a specimen, X 4, from the British Museum. locality not stated on the label. The septal edges
are imperfect and the interseptal loculi are filled with matrix. (U. S. N. M. catalogue No. 32004.)

Basal view of a specimen, X 4; from the same locality. (U.S.N. M. catalogue No. 32005). The coste are
very much worn and imperfect.

Calicular view and basal view, X 4, of a specimen from the ‘‘Cretaceous, Group de la craie tuffeau, Folx-
les-Caves, Holland.”” (U. S. N. M. catalogue No. 32002.) The edges of the septa are imperfect, and
the costee are gone from the base, leaving only the lower edges of the septa showing.

. Side view of a specimen, X 4, from the same locality. (U. 8. N. M. catalogue No. 32003.) The ends of

the costee are missing.
Micrabacia mineolensis Stephenson, n. sp. (p. 122),

Basal view of the type, X 8, from the Navarro formation (?), well of Hoard Oil & Gas Co., 7 miles east
of Mineola, Wood County, Tex.,.collected at a depth of 3,146-3,160 feet. (U. S. G. S. collection 9369;
U. 8. N. M. catalogue No. 32006.) Shows the character and grouping of the coste.

. Calicular view of a crushed specimen, X 4, in the same collection. (U.S. N. M. catalogue No. 32007.)
. Side view of the specimen illustrated in figure 7; shows the septal edges and the prowlike ends of the basal

costee.
" Micrabacia mississippiensis Stephenson, n. sp. (p. 123).

Calicular view of the type, X 4, from the Ripley formation (Ezogyre costata zone), Lee’s old mill site, 2
miles northeast of Keownville, Union County, Miss. (U. 8. G. S. collection 6873; U. 8. N. M. catalogue
No. 32008.) The upper edges of the septa are imperfect.

Side view of the type, X 8, showing the septal edges and the prowlike ends of the costee.

Bagal view of the type, X 8, showing the character and grouping of the costee.
131






SOME PALEOZOIC SECTIONS IN ARIZONA AND THEIR CORRELATION.

By FrepeErIiCK LESLIE RANSOME.

PURPOSE AND SCOPE OF PAPER.

During the last 16 years detailed geologic
work has been done in a number of mining dis-
tricts in Arizona, several reconnaissance reports
have added to our knowledge of the geology of
the State, and sections of Paleozoic and older
rocks'in the Grand-Canyon-and at Globe, Ray,
Clifton, Tombstone, and Bisbee have been
carefully- studied;; but hitherto- the investiga-
tions in most of these fields have been uncon-
nected by reconnaissance examinations® of
intervening areas. Realization of this lack of
correlation led, in 1912, to a preliminary
reconnaissance of the country extending north-
westward from Globe to Jerome, in the hope
that light might thereby be thrown on the
nature of the changes that connect the well-
known stratigraphic section of the Grand Can-
yon with the very different succession of beds
at Globe. A visit to the Santa Catalina Range,
northeast of Tucson, in company with Prof.
C. F. Tolman, jr., who is preparing the Tucson
folio for the United States Geological Survey,
afforded an opportunity of partly closing the
gap of terra incognita between Ray and Tomb-
stone. Detailed work on the Ray quadrangle,
the full results of which are not yet published,
has supplied the materials for a much more
~ accurate description of the geologic column in
central Arizona than was heretofore possible,

and similar work in the Tombstone -district

has extended the Bisbee section northward.
Finally, some additional reconnaissance- has
been made of the Mazatzal Range and the
Sierra Ancha. '

The present paper includes (1) a brief intro-

ductory outline of the broad topographic fea-
tures of the State, (2) a description of the full
and very satisfactorily exposed geologic sec-
tion of the Ray-Globe region, with less detailed
accounts, in part abstracted from the literature,

‘of other stratigraphic sections to the southeast
and northwest, and (3) a discussion of the corre-
lation of these sections from the Grand Canyon,
in the northwestern part of the State, to Bisbee,
near the Mexican border.

The positions of the sections discussed may
be seen by reference to the outline map (Pl
XXIV) and to the diagram accompanying the
correlation chart (P1. XXV, p. 136).

TOPOGRAPHIC PROVINCES OF ARIZONA. - )

The State--of - Arizona- may conveniently- be
divided into three topographic regions—the
plateau region, the mountain region, and the
desert or bolson region. The plateau region,
which has an area of about 45,000 square
miles, . occupies : the. northeastern. .part. of .the
State and drains generally northward through
the Little Colorado and smaller streams into
the Grand Canyon. The general altitude of
this region, which is a portion of the great
Colorado Plateau, ranges from 7,000 to over

Its strata are very nearly horizontal, and with the excep-
tion of Cataract Canyon and some of its tributaries it is
not deeply scored. Low mesas, gently rolling and usually
clad with.an ample growth of pine, . pifion, and cedar;
broad and shallow valleys, yellow with sand or gray with
sage, repeat themselves over the entire area.

Here and there the Kaibab (Pennsylvanian)
limestone, the prevalent surface rock, is covered
by flows of basalt’ or bears-erosion'remnants of
| younger strata, and above it, north of Flagstaff,
rise the lofty extinct volcanoes of the San Fran-
cisco Mountains. '

The southwestern limit of the plateau trav-
erses the State in a general southeasterly direc-
tion from the Grand Wash Cliffs, near the
eastern border of Nevada, to the New Mexico
line, a few miles northeast of Clifton.! This

t Dutton, C. E., Tertiary history of the Grand Canyon district: U. 8.

Geol. Survey Mon. 2, p. 14, 1882.
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boundary along much of its course is a single
bold cliff 2,000 feet or more in height, but else-
where it is less definite or simple, owing to a
distribution of the total difference in relief
among a series of great topographic steps or to
local ‘accumulations of ‘volcanic rocks, espe-
cially basalt. In general the outer or lower
- line of cliffs separates nearly horizontal and
undisturbed strata on the northeast from
faulted and tilted beds on' the southwest, and
locally, as along the Grand Wash Cliffs, this
line is itself a fault scarp, more or less modified
by erosion.

The Grand Wash Chﬁs rise precipitously
3,000 feet or more above the plains to the west.
“According to Lee,! pre-Cambrian.granite is ex-
posed at their base and the Redwall limestone
forms their crest and the floor of the adjacent
plateau. "About 45 miles east of the Music
Mountains a second gigantic step, that of the
Aubrey Cliffs, north of Seligman? carries the
geologic section nearly to the top of the Kaibab
(Pennsylvanian) limestone, which forms the
surface of the Coconino Plateau, south of the
Grand Canyon South of the Music Moun-
tains there is another ample terrace in the
ascent from the valleys of the mountain region
to the Colorado Plateau—that of the Truxton
Plateau. This bench, which lies between the
Cottonwood and Aquarius cliffs to the west
and the Yampai Cliffs and Juniper Mountains
‘to’ the northeast; is described by Lee® as a
granitic peneplain partly covered with volcanic
rocks. -

South of Ash Fork the continuity of the
plateau escarpment is interrupted by flows of
basalt that poilred down from the plateau to
the valley of the Verde, forming a slope that
. has been utilized by the Santa Fe, Prescott &
‘Phoenix Railway between Ash Fork and
Jerome Junction. East of this railway and
north of Jerome the edge of the plateau is in
general a scarp (part of the Aubrey Cliff of

Gilbert *) over 2,000 feet in total height, with
deep reentrants and bold pinnacled promon—'

tories. East of Camp Verde a thick series of
basaltic flows with associated tuffs has cov-

1. Lee, W. T., Geologic reconnaissance of a part of western Arizona:
U. 8. Geol. Survey Bu]l. 352, p. 19, pl. 1, 1908.

3 See Darton, N. ‘H.; ""A reconnaissance of parts of northwestern New
Mexico and northern Arlzona U. 8. Geol. Survey Bu]l 435, p. 8, pl. 1,
1910.

8 Op. cit., p. 21.

4 T. 8. Geol. Stirveys W. 100th Mér. Rept., vol. 3, - 49, 1875, N

.becomes less distinct.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1916,

ered the edges of the nearly horizontal sedi-

mentary rocks; but these beds appear again
at the head of Fossil Creek and continue east-
ward past Payson in the great southward-
facing cliff that marks the descent of about

2,000 feet from the Mogollon Mesa to the

Tonto Basin. From Fort Apache eastward to
the New Mexico line the plateau boundary
Erosion has partly de-
stroyed its continuity, and vast accumulations
of volcanic rock have obscured the original
plateau surface. :

The second topographlc division, the moun-
tain region, which adJoms the plateau region
on the southwest, is essentially a broad zone

‘of short nearly para]lel ranges, among which are

the Dragoon, Chiricahua, W'hetstone Pinaleno,
Galiuro, Santa Catahna Pinal, Superstltlon

' Ancha, and Mazatzal, extendmg diagonally

across the State from the southeast corner to
Colorado River. The width of this zone may
be taken as from 70 to 150 miles, but its south-
west boundary is not susceptible of precise de-
marcation. Few of the individual ranges ex-
ceed 50 miles in length or 8,000 feet in altitude.
Their general trend is “almost, northwest, but
near the Mexican border it becomes more nearly
north, and the mountain zone as & whole coa-
lesces with a belt of north and south ranges that
extends through New Mexico and borders the
plateau region on the east.

Most of these ranges consist mamly of quartz-
ites and limestones of Paleozoic or earlier age,
resting with conspicuous unconformity upon
granitic, gneissic, and schistose rocks. All
these rocks are cut by later intrusives, -espe-
cially by diabasic and monzonitic rocks, ‘and
are partly covered by flows of lava.” Struc-
turally these ranges are characterized by the
dominant part played by faulting as compared
with folding. - The great copper deposits of
Arizona, so far as they are known, are all, ex-
cept that at A]o within this mounta,mous
zone.

Adj oining the mountain region on the south-
west is the third topographic division, the desert
region, which also contains numerous short
mountain ranges of prevalent northwesterly
trend. In this region, however, most of the
ranges are separated by broad desert plains
underlain by fluviatile and lacustrine deposits
of late geologlc age, or by undulatmg granitic



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 98 PLATE XXIV

15°

ETower Butte

(Y
ok )‘ ‘.Iilcdc{wk Spr {(\?.
J\“b g

Nl

- e = —t

M Em. R
4., “{iro ST f
L\ . % §
m.A'ruu Tt LW
»V\qr moeuenb!;ugn) a N
st \ oo
o £ ) r{ D NATIENAL ‘- / {t\\ 3l

& rc{?u-:s'r&
4 L i

LS AL FOREST &
Ly -2 el : “\ o AL FOREST
\ ?J Yy 5 j e d Butte
PR \ ; \‘"

- . RIS
— e >  — o ——

T, m:m\g‘\\)f ]
\
AR

V'3
c?conmo R4 g\,
(i)

ou.u././/

NeedlSo) { LATS) A g d o2, AL e “ ;
N ’ y oL FOREST = 4 %

-

- ..,‘,‘?“"3 ) o g
( Topto g u::j;‘)’
AN Y, e

m&‘m

Y

A
Scnle T060,000
(1] . 28

T

- 14° s’ u2° u’ \ . 10° 109°
rawn from Genéral Lend Office und .S, Fost O'I ce
tiona! forests fromlstest preclamations, (Apri lale)

MAP OF ARIZONA.



SOME PALEOZOIC SECTIONS IN ARIZONA AND THEIR CORRELATION.

lowlands partly covered with gravels and flows
of lava.! The boundary between the moun-
tain and desert regions is, as previously stated,
indefinite but may provisionally be taken as a
curved line extending from Nogales, on the
Mexican frontier, past Tucson and Phoenix to
Needles, near the California line. The main
drainage lines of both regions are transverse to
the trend of the ranges, the run-off finding its
way through Gila and Williams rivers into the
Colorado. The minor streams, many of them
intermittent, occupy in general the valleys be-
tween the parallel ranges.

RAY-GLOBE GEULOGIC SECTION.
GENERAL FEATURES.

The Ray and Globe quadrangles, as may be
seen from the diagram on Plate XXV, are in
south-central Arizona, and the Ray quadrangle
lies immediately south of the Globe quadrangle.
They include the Pinal Range and parts of the
smaller Mescal, Dripping Spring, and Tortilla
ranges. The relative positions of these ranges
are shown in the outline map of Plate XXIV.
The rocks are intricately faulted, the fault
pattern being on an extraordinarily minute
scale, and the stratified rocks have been exten-
sively invaded by diabase. Nevertheless, ex-
cellent sections, of the kind illustrated in Plate
XXIX (p. 141), may be studied in the Mescal

Range and in many of the larger fault blocks

of the Dripping Spring Range. The total
thickness of the beds below the base of the Car-
boniferous limestone and above the pre-
Cambrian crystalline rocks is about 1,600 feet.
The Carboniferous limestone is at least 1,000
feet thick and is limited above by a Mesozoic
erosion surface. No evidence of angular un-
conformity has been detected within the Paleo-
zoic sedimentary series in the Ray quadrangle,
although the exposures are so good that any
appreciable angular discordance could scarcely
escape recognition. :
PINAL SCHIST.

The Pinal schist and intrusive batholithic
masses of granite and quartz-mica diorite are
the fundamental rocks of the Ray-Globe region.
The name Pinal schist was first applied in
19032 to the pre-Cambrian schistose terrane

1 Antisell, Thomas, U. 8. Pacific R. R. Expl., vol. 7, pt. 2, pp. 130-138,
1857,

2 Ransome, F. L., Geology and ore deposits of the Globe copper dis-
trict, Ariz.: U. S. Geol. Survey Prof. Paper 12, p. 23, 1903.
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of the Globe quadrangle, the geographic term
of the designation being derived from the Pinal
Mountains, on whose slopes the schists are
extensively exposed. As was then pointed
out, these rocks probably correspond to what
Blake! 20 years earlier had called the ‘‘ Ari-
zonian slates,” but as the geographic term of
his name did not accord with the principles of
nomenclature followed by the Geological Sur-
vey and as his lithologic term was not appro-
priate for crystalline schists, that designation
could not-well be retained.- Since the publica-
tion of the Globe report the name Pinal schist
has been applied to the pre-Cambrian crystal-
line schists of the Clifton-Morenci? and Bisbee *
districts. This formation has of late years at-
tained economic importance as the principal
country rock of the disseminated copper de-
posits at Ray and Miami.

Most of the Pinal schist is light gray to
blue-gray in color and has a more or less satiny
luster on the cleavage surface. In texture it
ranges from cryptocrystalline slaty sericitic
schist through fine-granular fissile rocks to im-
perfectly cleavable, coarsely crystalline quartz-
muscovite schist carrying andalusite or silli-
manite. The coarsely crystalline varieties oc-
cur chiefly in the vicinity of granitic intrusive
masses and grade into the less intensely meta-
morphosed varieties that make up the bulk of
the formation and are ckaracteristic of most
of the exposures in the Ray quadrangle.

In the vicinity of Ray and west of that town
a considerable part of the schist is a gray fine-
grained, moderately fissile rock that has the
unmistakable aspect of a squeezed and meta-
morphosed sandstone. Thin sections of this
variety, seen under the microscope, show
rotund but irregular grains of quartz as much
as 5 millimeters in diameter in a groundmass
consisting chiefly of quartz and sericite. The
large quartz grains show the effects of granula-
tion with more or less recrystallization under
pressure.

Associated with those schists that are clearly
of sedimentary origin are very subordinate
masses of greenstone schist and other varieties
that were originally igneous material.

! Blake, W. P., Geology of the Silver King mine: Eng.and Min. Jour.,
vol. 35, pp. 238-239, 1883. :

2 Lindgren, Waldemar, The copper deposits of the Clifton-Morenci
district, Ariz.: U. S. Geol. Survey Prof. Paper 43, p. 56, 1905.

8 Ransome, F. L., The geology and ore deposits of the Bisbee quad-
rangle, Ariz.: U. S. Geol. Survey Prof. Paper 21, p. 24, 1904.
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SCANLAN CONGLOMERATE.

At the base of the sedimentary column at Ray
(see Pl. XXV) is the Scanlan conglomerate,
first described in the Globe report, where it
was said to be from 1 to 6 feet thick and com-
posed of imperfectly rounded pebbles of vein
quartz with scattered flakes of schist held in a
pink arkosic matrix. The Scanlan conglom-
erate is locally the most variable of all the
Paleozoic formations, both in constitution and
in thickness. It was evidently formed, with
little transportation, from the materials that
the waves of an advancing sea found lying on a
well-worn ancient surface -of low relief. Areas
of schist were littered with fragments of white
vein quartz, and the upper parts of granitic
masses were deeply disintegrated. Consequently
the basal conglomerate where it rests on the
Pinal schist is composed chleﬁy of imperfectly
rounded pebbles of quartz in a matrix of small
particles of schist, grains of quartz, and flakes
of mica; where it rests on granite or quartz-
mica diorite the pebbles are also mostly quartz,
but the matrix is arkosic and the layers of pebbles
may be associated with deposits of arkose that
in many places merge imperceptibly with the
underlying massive rock or the overlying Pio-
neer shale. These two varieties of the conglom-
erate, however, are connected by transition
facies. The thickness of the formation varies
widely from place to place.

In some localities the base of the Pioneer
shale may be marked only by a few sparsely
distributed pebbles or the Scanlan conglomer-
ate may not be recognizable at all. In others
the conglomerate attains a thickness of fully
15 feet and carries abundant well-rounded
pebbles, including a few of quartzite derived
from .some ancient formation that is not now
exposed in this region. Above this - well-
defined bed, which locally resembles the
younger Barnes conglomerate, and under the
typical Pioneer shale is a coarse arkosic sand-
stone from 15 to 30 feet thick. Similar arkosic
material accompanies the Scanlan conglomer-
ate in other localities and marks a change
in the conditions of deposition by which fine
material was laid down instead of coarse.
In the Barnes Peak section, in the northwestern
part of the Globe quadrangle, the lower 25 feet
of the Pioneer shale, above the Scanlan con-
glomerate, is sandy and arkosic. .

TO GENERAL GEOLOGY, 1916.

PIONEER SHALE.

In the Globe report the name Pioneer shale
was given to a series of shaly beds that overlie
the Scanlan conglomerate and underlie the
Barnes conglomerate. The typical section is
that exposed on the northeast slope of Pioneer
Mountain.

In most places the Pioneer formation consists
of dark reddish-brown, more or less arenaceous
shales composed largely of fine arkosic detritus
with little or no calcareous material. - In some
beds . fragments of pink feldspar are easily
recognizable with the unaided eye, and as a
rule the shales toward their base grade into
arkosic -grits. These arkosic basal beds are
well developed in the Apache Mountains, just
northeast of the Globe quadrangle, where they
attain a thickness of approximately 175 fect.
Up to a horizon 75 feet above the granite the
individual beds are thick, but above that
thinner beds appear and these grade upward
into the shale. Abundant round or elliptical
spots, light buff or greenish in color, caused
by local reduction and removal of the fer-
ruginous pigment, are highly characteristic
of the Pioneer shale, and in the absence of
clear structural relations serve to distinguish
that formation from certain similar beds in the
stratigraphically higher Dripping Spring quartz-
ite. Surfaces of fresh fracture generally sparkle
with minute flakes of white mica.

Although the Pioneer shale is soft in com-
parison with the conglomerates and quartzites
and weathers into smooth slopes, it is never-
theless a well-indurated, firm, and in places
not very fissile rock. The general color of the
formation as seen on the hill slopes is dark red,
maroon, chocolate, or dull purplish gray. .

In the Globe report the average thickness of
the Pioneer shale was given as 200 feet, which
is about the thickness at Pioneer, in the north-
eastern part of the Ray quadrangle. In the
ravine west of Hackberry Spring, in the south-
western part of the Ray quadrangle, the shale
is 100 feet thick. The average thickness for
that quadrangle is accordingly estimated at
about 150 feet. The Pioneer shale so far as
known is not fossiliferous and presents no
characteristics that mark it indubitably as
marine or fluviatile in origin. It is believed
to be marine and to have been deposited in
shallow water. No mud cracks have been
observed in it.
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BARNES CONGLOMERATE.

The Barnes conglomerate lies stratigraph-
ically above the Pioneer shale and below the
Dripping Spring quartzite. The formation
was first described in the Globe report and was
named from Barnes Peak, in the northwestern
part of the Globe quadrangle, where it is from
10 to 15 feet thick. There is no apparent un-
conformity either above or below the conglom-
erate, although the abrupt change from a fine
shale to.a deposit of coarse pebbles is indicative
of so extensive a modification of the conditions
of erosion and sedimentation under which the
shales accumulated as would seem to demand a
notable unconformity of contemporaneous ori-
gin somewhere within the region of deposition.

In its typical development, as near Pioneer
Mountain or on Silver Creek, in the Ray quad-
rangle, the Barnes conglomerate consists of
smooth pebbles of white quartz and hard vitre-
ous quartzite in an arkosic matrix. The peb-
bles are generally 6 inches or less in diameter
but in a few places there are some as much as 8
inches in diameter. Although smoothly
rounded, the pebbles are not globular but are
flattened ellipsoids or round-edged disks. They
are composed only of the most durable mate-
rials and doubtless passed through long and
varied processes of attrition before they came to
rest in the Barnes conglomerate. On the
whole, such meager evidence as is obtainable
appears to indicate that the conglomerate rep-
resents stream’ action rather than littoral or
marine action. The formations that supplied
the quartzitic material to the conglomerate, as
will be shown later, are exposed north of Roose-

‘velt, in the Sierra Ancha and the Mazatzal

Range. .

In some places the pebbles, which generally
lie with their flat sides roughly parallel to the
bedding planes, are in contact and the propor-
tion of arkosic matrix is correspondingly small;
in other places the matrix predominates. As
a rule, the pebbles become larger and more
abundant toward the south, although the gra-
dation is probably not wholly regular. Thus
at Barnes Peak the average diameter of the
pebbles is 3 or 4 inches and the thickness of
the formation from 10 to 15 feet. In the
vicinity of El Capitan Mountain, in the Mescal
Range, pebbles 6 inches in diameter are abun-
dant, the average size is probably a little larger

than at Barnes Peak, and the thickness of the
formation is from 15 to 20 feet. At the north
end of the Dripping Spring Range the con-
glomerate is rather variable. A small expos-
ure about 1} miles north of Walnut Spring
shows thin bands of pebbles associated with
pinkish arkose and gray shale. The pebbles,
which are chiefly white quartz and not very
well rounded, rarely exceed 2 inches in diameter
and not any over 3 inches were seen. . About
2 miles northwest of Walnut Spring the whole
formation is from 10 to 12 feet thick, but the
arkosic matrix is much more abundant than
the pebbles, which although not uniformly dis-
tributed are, as a rule, most numerous near the
base. The lower part of the bed thus presents
in some places the aspect of the typical Barnes
conglomerate, but the upper part is distin-
guishable from the overlying quartzite only by
the occurrence within it of a few small and
scattered pebbles.

Northeast of Tam O’Shanter Peak, on the
other hand, the conglomerate is about 40 feet
thick and consists of chiefly smooth, rounded
pebbles that are generally in contact with one
another, with just enough matrix to fill the
interstices. Some of the pebbles are as much
as 10 inches in diameter, but most of them are
under 6 inches. In the Tortilla Range, south
of Kelvin, the conglomerate is about 55 feet
thick and contains abundant characteristic
pebbles 8 inches or less in diameter.

The arkosic matrix of the conglomerate is
generally similar to the material of the over-
lying Dripping Spring quartzite, although per-
haps a little coarser. It varies in hardness, but
as a rule all the constituents of the conglomer-
ate are cemented by silica into a hard and dura-
ble rock in which fractures traverse pebbles
and matrix alike. A very characteristic fea-
ture of the Barnes conglomerate is the pres-
ence in the matrix of small fragments of
vermilion-red chert or jasper as much as an
inch or so in diameter.

A view of the upper part of the Barnes con-
glomerate as exposed on El Capitan Creek, in
the northeastern part of the Ray quadrangle,
is shown in Plate XXVI, C.

DRIPPING SPRING QUARTZITE.

The Dripping Spring quartzite lies conforma-
bly on the Barnes conglomerate and under the.
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Mescal limestone.! Approximately the lower
third of the formation consists of hard fine-
grained arkosic quartzites, which, as seen in
natural sections, show no very definite division
into distinct beds but do exhibit a pronounced
striping, due to the alternation of dull-red
and dark-gray or nearly black bands parallel
with the planes of stratification. These bands
as a rule are less than 1 foot thick and give a
generally thin-bedded aspect to this portion of
the formation, as may be seen from Plate
XXVII, B, although the illustration fails to
show the contrasting tints of the bands. About
midway between the top and bottom of the
formation the striped beds are succeeded by
fairly massive beds, as much as 6 feet thick, of
even-grained buff or pinkish quartzite associ-
ated with flaggy variegated red, brown, and
gray beds and with some layers of gray and
reddish shales suggestive of the Pioneer shale.

In the upper part of the formation the beds
become thin, flaggy, and rusty, with a tendency
to grade into the Mescal limestone.

The sand which became the Dripping Spring
quartzite was deposited in shallow water and
was at times exposed to the air, as may be
seen from the ripple marks, sun cracks, and
fossil worm casts visible on the surface of the
beds. The deposit is tentatively regarded as
of delta origin. It is composed throughout of
fine material, and contains no pebbles, so far
as known. This feature and the banding of
its lower beds serve throughout the Ray quad-
rangle to distinguish this quartzite from the
pebbly cross-bedded Troy quartzite, to be de-
scribed later. '

Where almost vertically upturned in the
Tortilla Range the Dripping Spring quartzite
appears to be about 500 feet thick, but the
presence of intrusive diabase detracts a little
from the reliability of this measurement, as
movements during the intrusion may have
increased the apparent thickness. Southwest
of Pioneer Mountain, where the whole of the
quartzite seems to be exposed without notice-
able faulting, the thickness obtained by calcu-
lation from the width of the outcrop as mapped,
the average dip of the beds, and the general
angle of topographic slope is between 450 and

1 This is a redefinition of Dripping Spring quartzite as the name was
originally used in the Globe quadrangle. The reasons {or the change
have been putilished (Min. and Sci. Press, vol. 102, pp. 747-748, 1911)
and are summarized on pages 143-144 of the present paper.

TO GENERAL GEOLOGY, 1916.

500 feet. At Barnes Peak, in the Globe quad-
rangle, the thickness was estimated at 400 feet.
The average thickness for the Ray quad-
rangle is taken at 450 feet, which is probably
under rather than above the truth.

MESCAL LIMESTONE.

The Mescal limestone was first recognized as
a distinct formation in the course of mapping
the Ray quadrangle and is named from the
Mescal Mountains, where it is well exposed.
Stratigraphically it is limited below by the
Dripping Spring quartzite and above by the
Troy quartzite. Some fragments of this for-
mation, most of them intimately associated
with intrusive diabase, occur in the Globe quad-
rangle, but when the report on that area was
prepared these masses of strata were supposed

to be somewhat metamorphosed portions of the .

thin Devonian beds in the lower part of the
““Globe limestone.”

In the Ray quadrangle also the Mescal lime-
stone and the diabase are closely associated.
Lying between the two heavy quartzitic for-
mations, the thin-bedded dolomitic limestone
proved an easy path for the invading diabase
magma and retains little of its former con-
tinuity. In the development of the topography
the diabase tends to wear down into swales and
hollows, and an extended view over one of
these depressions shows the generally olive-
tinted surface characteristic of diabase areas,
varied by blotches of white that represent
included blocks of the Mescal limestone, some
of which are nearly a quarter of a square mile
in area. Other portions of the formation rest
in their original position on the Dripping Spring
quartzite, and the diabase lies in igneous con-
tact above them. Still others crop out along
the bases of cliffs formed by the Troy quartzite
and lie above the intruded diabase. Rarely
the limestone lies unbroken between the two
quartzites.

The Mescal limestone is composed of thin
beds that have a varied range of color, but are
persistently cherty, the siliceous segregations
as a rule forming irregular layers parallel with
the bedding planes. On weathered surfaces
these layers stand out in relief and give to the
limestone the rough, gnarle<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>