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SHORTER. CONTRIBUTIONS T0 GENERAL GEOLOGY, 1914
GEOLOGY OF THE PITCH\BLE'NDE ORES OF COLORADO.

By Epson S. BastiIn.

The large amount of public interest that has recently been manifested in radium because
of the apparent cures of cancer effected by certain of its emanations makes it desirable to place
before the public as promptly as possible all available information in regard to the occurrence
of the minerals from which radium may be derived. The following account of the mode of
occurrence of pitchblende at Quartz Hill, in Gilpin County, Colo., is therefore published in ad-
vance of a much larger report on the same region in which many other types of ore deposits
will be considered. The field studies were made in the fall of 1912. As the geologic relations"
at Quartz Hill differ in important particulars from those at foreign localities, a summary of
the genetically important features of the principal European occurrences is included for pur-
.. poses of comparison. My thanks are due to Mr. Frank L. Hess, of the Geological Survey, for
generously placing at my disposal additional specimens for study.

SOURCES OF URANIUM IN THE UNITED STATES.

The quantity of uranium ore mined in the United States is exceedingly small and in 1913
appears to have been equivalent to about 38 short tons of uranium oxide (U,0;), or approxi-
mately 32 tons of metallic uranium.! This is considerably larger than the production in 1912,
which was equivalent to about 26 short tons of uranium oxide, or in 1911, which was equivalent
to about 25 short tons. Practically the entire production of 1911 and 1912 and about half that
of 1913 went to foreign countries. Of this tonnage nearly all came from sandstones of the high
plateau regions of southwestern Colorado and southeastern Utah, in which the uranium occurs
disseminated as the canary-yellow mineral carnotite (2UQ,.V,0,.K,0.2H,0) or its calcium-
bearing equivalent tjuyamunite (2UQ0,.V,0;.Ca0.2H,0). The small remaining portion of
uranium ore mined in the United States, amounting in 1912 to only 275 pounds, was uraninite,
or pitchblende, a complex uranate of variable composition to which a definite chemical formula
can not yet be assigned. This mineral occurs in two distinct ways—in small amounts in
granite pegmatites, notably in North Carolina, and in intimate association with metallic
sulphides in certain mineral veins of Quartz Hill, near Central City, Gilpin County, Colo.
The mines from which pitchblende has been obtained are all located on Quartz Hill and
include the Calhoun, Wood, Kirk, German, Belcher, and Alps mines. For many years a small
and sporadic production has come from this group and has been used mainly for specimens and
for experiments. Quartz Hill is not only the one important locality in the United States where
pitchblende occurs in mineral veins but one of the few in the world.

PRINCIPAL FOREIGN OCCURRENCES OF PITCHBLENDE.

In preparing the following summary of the principal foreign occurrences, the writer has so.
far as possible consulted original sources. The chief localities outside of the United States at
which pitchblende has been found in mineral veins are the western part of the Erzgebirge, near
the German-Austrian boundary, and the Cornwall district in Englend. A brief summary of the
* geologic occurrence of uranium minerals is also given in a recent article by P. Krusch.? .

1 Toss, . L., Preliminary statement of the production of uranium and vanadium: U. S. Geol. Survey Press Bulletin, January, 1914.
3 Uber die nutzbaren Radium-Lagerstiitten und die Zukunft des Radium-Marktes: Zeitschr. prakt. Geologie, vol. 19, pp. 83-90,1911.
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2 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914.
THE ERZGEBIRGE.

Types of deposits.—Muller* recognized in and near the granite batholiths of the western
Erzgebirge in Bohemia and Saxony four types of ore deposits, which he classified as follows:

A. Older ore-forming period:  °

1. Veins of the tin type.
2. Veins of the pyritic lead-zinc type.
B. Younger ore-forming period:
3. Veins of the cobalt-silver type.
4. Veins of the iron and manganese type.

Deposits of types 1 and 2 are connected by transitions. - The tin ores are confined to the
granite and its immediate vicinity, while the pyritic lead-zinc veins are a little farther removed
from the granite batholiths. The veins of types 3 and 4 are later than those of types 1 and 2.

At Joachimsthal, in Bohemia, and at Schneeberg, Annaberg, and Johanngeorgenstadt,
+ across the border in Saxony, the veins of principal economic importance belong to Miiller’s

cobalt-silver type (No. 3). It is with the veins of this type that the pitchblende is characteris-
_tically and exclusively associated.

Joachimsthal, Bohemia.—According to Stép and Becke ? the ores of the cobalt-silver type
in the Joachimsthal district may be further subdivided into two classes—cobalt-nickel-arsenic
ores and richsilver ores. In my opinion the ores of the first class represent the primary ore depo-
sition, and those of the second class are in all probability the result of sulphide enrichment
acting on the primary ore. The pitchblende, with its accompanying gangue minerals, quartz
and dolomite, has rarely been observed in actual contact either with the rich silver ores or with
the cobalt-nickel-arsenic ores. Usually the uranium and its gangue minerals have as metallic
associates only variable amounts of pyrite and chalcopyrite, which appear to be in part earlier
and in part later than the pitchblende. In a few places, however, the pitchblende, quartz, and
dolomite coat ore containing cobalt or nickel minerals (smaltite, chloanthite, or niccolite), and
therefore apparently are later than those minerals. The relation of the uranium ores to the
rich silver ores can be inferred only from museum specimens in which ruby silver or proustite
occurs in vugs in the pitchblende ore and in minute veinlets traversing it. It appears fairly
well established, therefore, that the uranium ores of Joachimsthal were deposited somewhat
later than the nickel-cobalt-arsenic ores but before the development of rich silver sulphides,
which in these deposits were probably formed by enrichment due to the action of meteoric
waters. The deposits are now controlled by the Austrian Government.

Annaberg, Sazony.—In the Annaberg region also the cobalt-silver type of ore is economically
the most important, and its veins in many places cut or even materially displace the earlier tin,
copper, and pyritic lead-zinc veins. According to Muller ® the pitchblende is characteristically
though nowhere abundantly associated with the cobalt-silver type of veins. It usually forms
compact spherulitic or grapelike masses, some of which have shell-like or concentric structure,
as a coating on siderite and fluorspar. Rarely it forms layers as much as 7 centimeters thick.

The primary minerals of the cobalt-nickel veins are, according to Miiller, barite, fluorite,
quartz, siderite, rammelsbergite (NiAs,), niccolite, chloanthite, smaltite, native bismuth, tetra-
hedrite, stibnite, chalcopyrite, pyrite, reddish sphalerite, and berthierite (FeS.Sb,S;). The
pitchblende, together with siderite, calcite, and some pyrite and chalcopyrite, is later than the
cobalt-nickel group of minerals but earlier than the rich silver minerals whose origin, in my
opinion, may be attributed with much probability to downward enrichment.

Johanngeorgenstadt, Sazony.—In the Johanngeorgenstadt district, which has been described
by Viebig,* the most valuable uranium ores also belong genetically with Miiller’s cobalt-silver
type, but they are characterized by an unusual abundance of native bismuth and bismuth
compounds and are valuable mainly as a source of that metal and only subordinately for the

1 Miiller, Hermann, Die Erzgiinge des Annaberger Bergrevieres, Erleuterungen zur Specialkarte des Konigreichs Sachsen, p. 66, Leipzig, 1894.

2 Stép, Josef, and Becke, F., Das Vorkommen des Uranpecherzes zu St. Joachimsthal: K. Akad. Wiss. Sitzungsber., vol. 113, pp. 585-618,
Wien, 1904. :

8 Miiller, Hermann, op. cit , pp. 94, 98-100.

¢ Viebig, W., Die Silber-Wismutgiinge von Johanngeorgenstadt in Erzgebirge: Zeitschr. prakt. Geologie, vol. 13, pp. 89-115, 1905.
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nickel, cobalt, or silver they carry. The principal primary minerals-of these veins are arseno-
pyrite, cobaltite, chloanthite, native bismuth, quartz, dolomite, siderite, calcite, andrarely
barite and fluorite. The pitchblende is invariably associated with the veins of this type. It
is in part disseminated and in part in solid crusts or bands some of which reach a thickness
of 6 to 8 centimeters. Kidney-shaped and concentric forms are common. Characteristic
metallic associates are fine-grained galena and chalcopyrite and native bismuth, small masses
of these minerals being locally inclosed in the pitchblende ore. The common gangue mineral
is an iron-manganese carbonate. In other parts of the Erzgebirge the pitchblende is irregularly
distributed in nests, but in the Gottes Segen Spat mine, in this region, it occurs in considerable
quantities and with much regularity.

Schneeberg, Sazony.—In the Schneeberg district, according to Muller, pltchblende is a
characteristic though not an ‘abundant accompaniment of the cobalt-silver type of veins. Its
kidney-shaped or rounded shell-like masses are ordinarily associated with chalcopyrite, galena,
and brown carbonate. Miiller regarded the pitchblende and its accompanying minerals as of
slightly later formation than the primary cobalt and nickel minerals and earlier than the rich

silver minerals.
CORNWALL DISTRICT, ENGLAND,

In and near the granite batholiths of Cornwall occur not only tin and copper lodes but
also, usually at a greater distance from the granite, younger lodes of two types—(1) those con-
taining uranium and nickel ores and (2) iron-manganese lodes.? In the vicinity of Bodmin,
for example, there occur certain lodes containing arsenic and copper minerals and smaller
quantities of umnium, cobalt, and nickel ores. These lodes cross the tin and- copper lodes
that are the main mineral resources of the district and are therefore somewhat younger, although
it is believed that all the lodes are genetmally connected with the granitic intrusives of the
region.

In the St. Austle Consols mine, &ccordmg to Williams,? uranium minerals have been found
in certain small veins that cross the main tin-copper lode. The associates of the uranium
minerals in the cross veins are locally copper ores but more commonly ores of nickel and cobalt.
The uranium minerals also occur on the sides of the veins.

At Dolcoath, according to Pearce,* pitchblende occurred ‘‘associated with native bismuth
and arsenical cobalt in a matrix of red compact quartz and purple fluorspar.” At South
Tresavean it occurs With “kupfer-nickel, native silver, and rich argentiferous galena.” “I
believe,”’ says Pearce, “in all the localities I have named it was found in httle veins crossing
the lodes” (that is, t;he tin lodes).

At the South Terras or Uranium mine, in Cornwall® “The uranium lode * * * jg
said to vary in width from 3 to 5 feet, but the uranium ore is confined to a leader a few inches -
in width, consisting partly of pitchblende and calc and copper uranites with copper pyrites,
mispickel, and galena, and small quantities of nickel, cobalt, and chromium ore in a veinstone
of quartz and green garnet rock.”

PITCHBLENDE IN THE QUARTZ HILL DISTRICT, COLO.

GENERAL GEOLOGIC RELATIONS.

The predominant rocks of Quartz Hill and neighboring parts of Gilpin County are pre-
Cambrian igneous and sedimentary rocks and Term&ry intrusive rocks in the form of dikes and
stocks.

The oldest pre-Cambrian rocks are those of the Idaho Springs formation, predominantly a
quartz-mica schist, which is believed to be a metamorphosed sediment. This schist is intruded by

! Miiller, Flermann, Der Erzdistrikt von Schneeberg in Erzgebirge, in B. von Cotta’s Gangstudicn, vol. 3, pp. 129-138, 1860.

8 Ussher, W. A, E., Barrow, G., and MacAlister, D. A., The geology of Bodmin and St. Austell: Geol. Survey England and Wales Mem.,
Expl. Sheet 347, p. 134, 1600,

8 Williams, R. H., Notice of the occurrence of nickel and cobalt at St. Austle Consols mine, near St. Austle, Cornwall: Roy. Inst. Cornwall
Thirty-ninth Ann. Rept., pp. 32-34, 1857,

4 Poarce, Richard, Note on })ltchbl(mdl) in Cornwall: Roy. Geol. Soc. Cornwall Trans., vol. 8, pp. 103, 104, 1875.

8 Ussher, W. A. E., Barrow, G., and MacAlister, D. A., op. cit., p. 157.
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pre-Cambrlan granites of at least two ages—an older granite that has been dynamometamor-
phosed to a granite gneiss and a younger granite that has not been notably dynamometa-
morphosed and is commonly massive. Granite pegmatite offshoots from both these granites are
numerous and in places intrude the Idaho Springs. formation so mtlmately as to produce an
injection gneiss. Where the Idaho Springs formation lies near or is inclosed by considerable
- bodies of granite rock, it has commonly been contact-metamorphosed to a hornblende schist.

All the pre-Cambrian rocks are intruded by dikes and stocks of monzonite porphyry and of
bostonite porphyry (enmrely orthoclase). These are believed to be of Tertiary age. :

The mineral veins of the vicinity are the result of combined fissure filling and replacement
along a series of fractures characterized by easterly to northeasterly strikes and commonly
by steep dips. The veins cut both the pre-Cambrian rocks and the Tertiary intrusives. On
the basis of mineral composmon they can be divided into two types, which may be designated
the pyritic type and the lead-zinc type. They have been worked principally for their precious-
metal content, though yielding also considerable amounts of copper and lead.

The principal primary minerals of the pyrltlc type are pyrite and quartz; chalcopyrite
and tetrahedrite are almost invariably present in subordinate amounts, and enargite, fluorite,
and rhodochrosite occur here and there. The primary minerals commonly present in the
veins of the lead-zinc type are galena, sphalerite, pyrite, chalcopyrite,. quartz, and calcite.
Some parts of the district are characterized solely by one or the other of these types of mineral-
ization, but in many of the veins both types are present. Insuch veins it has been demonstrated
by repeated exposures that the lead-zinc type is somewhat later than the pyritic type and that
the minersls of the former commonly line vugs or fractures in those of the latter. It is believed,
however, that the lead-zinc mineralization followed close upon the heels of the pyritic mineral-
ization, and that the two types represent merely successive epochs in one great vein-forming
period. Although the mineral veins cut the monzonite prophyry dikes and stocks, it is believed
that both came from a common deep-seated source, the ore-bearing solutions following the
monzonite intrusion after a short interval.

Sulphide enrichment in the upper portions of many véins of the lead-zine type has developed
seconda’ry silver minerals in considerable abundance, and such veins are known as “silver-
veins,” their principal value being in that metal.

PITCH:BLEN DE ORES.

Although few opportunities were afforded for studying the richer pitchblende ores in place,
because of suspension of mining at most of the mines, numerous specimens presented to the
Survey by men interested in these mines were polished and studied under the reflecting micro-
scope and found to show clearly the relations of the pitchblende to the sulphides which accom-
pany it in the veins.

In a number of specimens it is evident that the pitchblende crystallized contemporaneously‘
with chalcopyrite, pyrite, and probably gray quartz. A specimen from the Wood mine, obtained
through the courtesy of Mr. W. C. Denison, when polished and studied presented the appearance
shown in Plate I. Some of the intergrown chalcopyrite and pitchblende show angular outlines,
as indicated in Plate I, 4, but more commonly the pitchblende areas are ringlike in cross section
with chalcopyrite occupying the center of the ring and inclosing it, as indicated in Plate I, B.
Pyrite and gray quartz, apparently contemporaneous with the pitchblende and chalcopyrite,
are present in small amounts. Specimens from the Wood and German mines in the mineral
collections at the State Capitol in Denver show chalcopyrite and pitchblende so intimately
. intergrown as to leave little doubt of their contemporaneous crystallization. In other speci-
mens from the Wood mine botryoidal pitchblende has cores of pyrite and is in places fringed
with pyrite, as shown in Plate I, B. - To summarize, the manner in which the minerals are
intergrown in several specimens shows concluswely that pitchblende crystallized contempo-
raneously with cha,lcopynte and probably with minor amounts of pyrite and gray quartz.

- In other specimens the relations between pitchblende and sulphides are entirely different.
. A specimen of rich ore from the Calhoun mine, obtained through the courtesy of Mr. Hugh C.
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Pitchblende

CAMERA LUCIDA DRAWINGS OF POLISHED SURFACE OF PITCHBLENDE ORE
FROM THE WOOD MINE, QUARTZ HILL, GILPIN COUNTY, COLO.

Showing contemporaneous growth of pitchblende, chalcopyrite, and pyrite. In B, drawn
from another part of the same specimen as A, the pitchblende areas show rounded
outlines.
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4. CAMERA LUCIDA DRAWING OF POLISHED SURFACE OF PITCHBLENDE
ORE FROM THE CALHOUN MINE, QUARTZ HILL, GILPIN COUNTY, COLO.

Showing pitchblende traversed by later veinlets of sphalerite, pyrite, and galena.

B. MICROPHOTOGRAPH OF POLISHED SECTION OF PITCHBLENDE ORE
FROM THE WOOD MINE, QUARTZ HILL, GILPIN COUNTY, COLO.

Showing botryoidal forms characteristic of much of the pitchblende. Py, Intergrown pyrite.
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Brown, consists principally of pitchblende, but this mineral is sharply cut by veinlets one-eighth
inch or less in size, composed of sphalerite, pyrite, and some galena. An enlarged visw of some
of the smaller veinlets as seen under the reflecting microscope is shown in Plate II, 4. Another
specimen from this mine shows pitchblende in botryoidal forms fractured and traversed by
minute veinlets consisting predominantly of pyrite, chalcopyrite, and dark-gray quartz, but
containing some galena and sphalerite. In the more shattered -portions fragments of pitch-
blende lie in a matrix of these sulphides. A specimen from the Calhoun mine, obtained from
Mr. Percy R. Alsdorf, shows altered schist traversed across its foliation by a %-mch to £-inch
veinlet of pitchblende. A polished section shows that the pitchblende has in places been
shattered and that fragments of it lie in a matrix of galena, sphalerite, chalcopyrite, and gray
quartz, while other parts are traversed by minute veinlets of galena. It is clear, therefore,
that there has been some sulphide mineralization subsequent to. the deposition of the pitch-
blende.

The pitchblende ores of Quartz Hill are believed to represent merely a local and unusual
variation in the main sulphide mineralization of this region—a variation of the same order as
the occurrence of enargite in a neighboring group of veins near South Willis Gulch. I found
no evidence to support Rickard’s opinion® that the pitchblende mineralization is genetically
connected with the intrusion of the granitic rocks, whose age is pre-Cambrian; on the con-
trary, I believe that, together with the sulphides that accompany them, they are genetically
related to the Tertiary monzonite intrusives.

The significance of the contrasting and apparently contradictory modes of association of
the pitchblende with the sulphide minerals becomes apparent when it is recalled that the
Central City district is in general characterized by two types of mineralization, an earlier
- pyritic mineralization and a later lead-zinc mineralization. It is believed that the pitchblende
was deposited during the earlier or pyritic mineralization, that it was afterward fractured,
and that the fractures thus formed were filled by sulphides of the later or lead-zine mmeral—
ization.

The general geologic relations and the absence of characteristic high-temperature minerals
in the dep031ts of Qua;rtz Hill, as well as in those of Cornwall and the Erzgebirge, indicate that
the pitchblende was deposﬂced under conditions of moderate temperature and pressure. Unlike
the European pitchblende, however, the pitchblende of Quartz Hill is not associated with
nickel and cobalt minerals, which so fsu as known have never bean found in that region even in
small quantities. The occurrance of pitchblende in pegmatite as well as in mineral veins of -
the type here described shows that the mmeral may also form under conditions of high
temperature and pressure.

1Rickard, Forbes, Pitchblende from Quartz Hill, Gilpin County, Colo.: Min, and Sci. Press, June 7, 1913, pp. 851-856.






EROSION AND SEDIMENTATION IN CHESAPEAKE BAY AROUND
THE MOUTH OF CHOPTANK RIVER.

By J. FrEp. HUNTER.

INTRODUCTION.

With the unfolding of geologic knowledge during the last céntury the processes of denudation,
transportation of sediments, and sedimentation have become better understood, and to some
extent their relative effects in bringing about the present configuration of the earth’s surface
have been determined. The nature of these processes has been studied in many parts of the
globe, but owing to the large size of the units affected and the slowness of the processes there
has been little opportunity to collect quantitative data. Indeed, the data available are very.
largely conjectural, their degree of accuracy being only that of good guessing. However, with
the advent of accurate topographic and hydrographic surveys, the first steps toward actual
measurements of some of the many interesting surficial changes that are in progress have been
taken, and it only remains for time and additional observations to afford opportunities for
comparison. Resurveys, particularly by the United States Coast and Geodetic Survey, of parts
of the eastern coast of the United States at different intervals have shown in many places marked
changes of both shore line &nd sea bottom, as on Cape Cod, on Nantucket Island, and in Dela-
ware Bay. Comparisons of this kind have so far been incidental to work in engineering and
coast surveying, so that there has been little opportunity for the selection of localities particu-
larly adapted to studies of erosion and sedimentation.

Chesapeake Bay, which is really a large tidal river, is favorable for such investigations, in
that it has a drainage basin of moderate size and retains a large part of the sediments brought,
in from that basin by its tributary rivers. Moreover, this bay, since the memorable explorations
of Capt. John *Smith in 1608, has been of much interest to explorers and map makers. The
classic map made by Smith was followed by many others of varied character, such as Herman’s
“Map of Virginia and Maryland” (1670) and Griffith’s ‘‘Map of Maryland”’ (1794), both of which
were the standard maps of their time and marked great advances in the cartographic knowledge
of the bay.! In the course of the general economic development of this region further data
as to the limits and character of Chesapeake Bay and its tributaries continued to accumulate as
the result of the work both of governmental bureaus and of private concerns until in the fourth
decade of the last century the need began to be felt for a thorough topographic and hydrographic
study of the bay. In 1845 the United States Coast and Geodetic Survey began such a study,
and by 1848 had surveyed the entire bay and prepared charts on the scale of 1: 20,000 showing ~
with accuracy the shore lines and the depths of water. In 1900 it was deemed necessary to make
a similar study of the bay in connection with the work of the Maryland Shell Fish Commission,
and by 1903 a second set of charts had been completed by the Coast Survey, on the same scale
and showing the same detail as the earlier charts. Both sets of charts are accurate and are
unique in covering so well so large and important an area at dates removed from each other

1 For an interesting detailed history of the explorations and surveys of Chesapeake Bay, see Mathews, E. B., The maps and map makers of
Maryland; Maryland Geol. Survey. vol. 2, pt. 3, 1898.
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by an interval of more than half a century. Even a cursory examination of the correspondi}lg
charts of the two periods shows important changes in the position of the shore line and of the

bay bottom.
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FIGURE 1.~Sketch map of Chesapeake Bay, showing the area studied and its rela-
tion to other parts of the bay.

Mr. Charles Y&teé, of the United

- States Coast and Geodetic Survey, who

has spent a number of years on Gov-
.ernment survey work in Chesapeake
Bay and to whom the writer is in-

. debted for a number of facts used in

the preparation of this paper, has re-
peatedly urged a study of the processes
of erosion and sedimentation as brought:
out by a comparison of these charts.
Owing to the great mechanical labor
and the long time necessary for such
an investigation, the writer has con-
tented himself with the study of a
very small test area on the eastern
shore of the bay around the mouth of
Choptank River, including Tilghman,
Sharps, and James islands and the
adjacent mainland, with the purpose
of ascertaining the advisability and
possible results of a more elaborate
study of the entire bay. (See fig. 1.)
The test area, which is situated about
midway of the length .of the bay, is
representative of that portion of it
which has suffered change sufficient
to be noted by cursory examination
of the two sets of charts. Moreover,
it lies in an intermediate position,
north of which the change in shore
lines has been effected chiefly by ero-
sion and south of which there has
been a very large amount of ‘marsh
building. This small area affords an
excellent opportunity to establish cer-
tain local rates of erosion and sedi-
mentation, but of course gives no data
for many of the larger and more gen-
eral conclusions that would be expected
from a study of the entire bay. For
example, the relation of sedimentation
to land waste as studied by Hum-
phreys and Abbot in the Mississippi
River basin and by Mellard Reade,
Elie de Beaumont, Archibald Geikie,
and others in river basins of Europe
and elsewhere, suggests itself as a
subject for an investigation that could
hope to bear fruit only if pursued on
the larger scale.
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SURVEYS OF THE ARFA DISCUSSF

Thoe earliest adequate sketch of the mouth of Choptank River is on Herman’s Map
of Virginia and Maryland” (1670). Although the map shows much distortion, the chief land
fe&tu:res of the area here discussed are represented about as they exist to-day except that James
Island (called James Point) had a broad connection with the mainland. Griffith’s ¢ Map of
Maryland” (1794) shows the land features as they are now, James Island, strange to say, being
widely separated from the mainland, although a chart of the Coast Survey prepared in 1848
shows a narrow isthmus between the two. A singular though probably not very significant fact
in view of the plimitive methods of surveying and the moderate degree of accuracy of the
two early maps is that on each of them Tilghman Island is represented as having an outline very
different from its present shape and as bomg separatcd from Sharps-Island by a considerable
stretch of water. This fact is interesting in view of the current belief of the inhabitants in
a very recent land connection between the two islands. Although these maps are of interest in
view of the changes that are known to be taking place, no reliance can be put on their accuracy.

Besides the topographic and hydrographic surveys of 1847-48 and 1900-1901, a plane-table
survey of the shore lines of James and Sharps islands, the southern portion of Tilghman Island,
and Cook and Hills points was made by Mr. Yates and the writer in December, 1910, with thé
aid of the charts and triangulation stations of the Coast and Geodetic Survey. The United
States Geological Survey has published topographic and geologic maps covering the area,!
which is located partly in the Choptank and partly in the St. Marys quadrangle.

TOPOGRAPHY AND GEOLOGY.

Two principal topographic and geologic features are represented in this area. One of °
these is the plain or terrace occupied by the Talbot formation, which is thé lowermost and at the
samo time the youngest of the Pleistocene Columbia group. Although elsewhere this terrace
may rise to 40 feet above sea level, it does not reach more than 10 feet in the area under discussion.
It is built up chiefly of clay marl and sand, with scattered patches of gravel, and in most places
it is terminated by a low scarp cut by the waves, though locally it slopes gently to the water’s
edge. The other principal feature is the tidal marshes which occupy the remaining but much
smaller part of the area not covered by the Talbot formation.  They consist of low-lying,
swampy land which at high tide may be largely submerged. They are composed mainly of the
same materials as the Talbot but contain also an abundant growth of swampy sedge, or grass
which aids in filling up the depressions by serving as obstructions that retain the mud and by
furnishing a perennial accumulation of vegetable débris. The living and dead plants form a
thick nctwmk through the clay marl and peat, which, thus reinforced at the ‘water’s edge, offer -
great resistance to the cutting of the waves.

CHANGES IN SHORE LINE.
JAMES ISLAND.

Loss in area.—James Island is the southernmost of the trio of islands (James, Sharp, and
Tilghman islands) which stand in a line across the mouths of Choptank and Little Choptank
rivers and front on the bay. It is crudely wedge-shaped and is nearly cut in two by an inlet

that crosses it diagonally. It is next to Tilghman Island in size, being nearly 2 miles long and
three-quarters of a mile wide and having a present area of 490 acres. Although now deserted
except for a few families the island had at one time a much largér population, as shown by the
presence of about 20 houses, a schoolhouse, and a church. ' The land nowhere rises above 10
feet in elevation, and the sho1c scarps in pl&ccs attain 7 feet.

A comparison of the maps of 1848 and 1900 shows some remarkable changes in this island.
(See Pl ITI.) The narrow isthmus, probably no moré than a sand bar, which connected the
island with the mainland in 1848 had dlsappcarod 1n' 1900, when 0.28 mile of water separated -
the two land bodies. At the time of the survey in 1900 the west shore had receded to 4 point

. 1 Shattuck, G. B., and Miller, B. L., U. §. Geol. Survey Geol. Atlas, St. Marys folio (No. 136), 1906. Miller, B. L., U. 8. Geol. Survey Geol.
Atlas, Choptank folio (No 182), 1912,



10 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914.

500 yards beyond the head of the inlet of 1848. The inlet had been filled in and the sand bar
separating it from the bay had shifted bodily eastward. In area the island had decreased
from 975 acres in 1848 to 555 acres in 1901. It had thus suffered a loss of 420 acres, or 43 per
cent, in 53 years, showing a mean annual loss of nearly 8 acres. During the succeeding 9
years it was cut down to 490 acres, an average of over 7 acres being cut away each year, the
total loss for the period being 65 acres, or 12 per cent. During the 62 years covered by the study,
485 acres, or nearly half the island, had disappeared, an average of 7.8 acres, or about 0.8 per
cent of the original area, being carried away each year. However, as the island becomes smaller
and the coast line shorter, this average annual loss will be reduced.

Linear cutting.—As in the other islands, almost the entire cutting has taken place on the
northern and western shores, the eastern strand line remaining practically stationary during
the entire period. The cutting of the outer shores is doubtless due to the strong bay currents
and storm waves which sweep these shores, eroding and carrying away great quantities of
sediment. However, the rate of cutting has differed notably in different parts of the shores,
owing in large measure to unequal resistance of the land material. In general, where the land
is comparatively high and where the shore material consists of the clays and marls of the Talbot
formation, the cutting goes on most rapidly. In such places the low cliffs offer favorable
conditions for erosion. The marly clay, being undercut by the waves, crumbles down in clods
or lumps of various sizes. This process of breaking down is helped and to some extent regulated
by joints and narrow clay seams, probably formed by the percolation of water dashed back on
shore. In many places the shore has numerous angular and rounded reentrants, in some of
which are fashioned small caves that may extend to a distance of several feet. The presence
of trees on the shore, especially where it is high, may hasten the retreat of the strand line. As
the waves cut away the earth from around their roots they fall over into the water, carrying a
quantity of soil with them and loosening still more of it where they formerly stood.

The low-lying marl land is much more resistant to erosion than the higher clay scarps.
The salt marshes formed by this type of shore deposit support a dense growth of sedge and grass,
whosé roots are matted together in the clay and sand. This vegetation serves to hold the fine
material blown and washed over it, and the marsh is thus built up. At the same time the waves
are unable to cut this reinforced material rapidly. Out of these facts comes the explanation of
a rather curious and interesting phenomenon. The map of 1901 showed that the only remains
of the north end of the James Island of 1848 was a small island situated on the spot which
was formerly an arm of the diagonal inlet but which was later filled with marsh material. That
water in the midst of land in 1848 should become land in the midst of water in 1901 is a remark-
able result of the greater resistance of the marsh-built land. Similar phenomena have been
noted elsewhere in the course of the study; in fact, wherever the shore has been of tide-marsh
formation the erosion has been comparatively slight

Another interesting feature of the change in James Island is the shifting of the sand bar
that separates the waters of the bay from the head of the inlet. The waves probably add
about as much sand as they carry away, the accretions being largely carried over into the inlet
basin. Thus the bar seems to be moving slowly eastward. It is probable that in time the
bar will be broken through, as was the bar between the island and the mainland. Once open
the channel would be widened and the rate of erosion of the resulting two islands accelerated.

No less striking than the loss in area suffered by the island during the last 62 years is the
amount of linear advance of the bay. A comparison of the first two maps shows that the average
amount of erosion on the north and west coasts of the island during the period from 1848 to
1901 was nearly a quarter of a mile and the annual average was 24 feet. That the rate is fairly
constant is shown by the fact that during the nine years succeeding 1901 the average annual
rate was 23 feet. At this rate the island, whose maximum width is 0.66 mile, should disappear
in about 150 years. This estimate is almost exactly the same as another reached by a con-
sideration of the annual areal loss per mile of eroded shore line. Although this agreement is
interesting, the result is little more than a guess, as numerous other factors may enter to disturb
the present conditions and rate of erosion.
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SHARPS ISLAND.

Loss in area.—Sharps Island the smallest of the three under discussion, stands directly
at the mouth of Choptank River, unprotected on any side from the action of the waves. Less
than a generation ago it was a summer resort and supported a number of people throughout
the year. The north end was well wooded and the island was a favorite ground for hunting
ducks and small game. The days of its prosperity are now but a memory, and the life of the
island is a thing of the past. The trees have disappeared save for a meager half dozen; the houses
have been washed away except for the large hotel which stands alone in the center of the island,
a crumbling monument to the activity of other days; the site of an artesian well has been
tmnsmessed by the waves so that it now presents the unique feature of a well in the midst
of tho waters of the bay. The survivors of the piling that made up the long pier which formerly -
invited the voyager only add to the melancholy of the deserted and dreary scene.

Impressions and hearsay are not the only evidence of remarkable changes in the, island,
for the story told by comparison of the three maps of 1848, 1900, and 1910 is equally note-
worthy. In 1848 the island contained 438 acres; in 1900 the surprisingly small area of 91 acres,
or but 21 per cent, had survived. There had been an average annual loss of 6.7 acres, or 1.5
per cent. Owing to the decrease in the length of shore line the amount of erosion annually
during the period from 1900 to 1910 dropped to an average of 3.8 acres, which, however, was .
4 per cent of the total area of 1900. The area of the island in 1910 was 53 acres, showing a loss
of 88 per ceént in 62 years, an average annual loss of 6.2 acres, or 1.4 per cent.

Linear cutting—The maximum erosion on Sharps Island, as on James Island, has been on
the west and north sides, the east and south sides having remained substa,ntlally unchanged.
An interesting feature is the continuance of the sand spit on the south end ugtil after 1900,
when the pier was washed away. Since then the spit has moved around to the southeast corner
of the island, inclosing a small pond. The northern part of the island is made up of material
of the Talbot formation and rises out of the water as much as 7 feet. Here the erosion has been
enormous, the water advancing 0.35 mile in 52 years and 0.57 mile in 62 years. - The average
encroachment on the north and west coasts during the 52-year interval was 0.32 mile, or at the
rate of 32 feet a year. During the 10 years between 1900 and 1910 the bay adva,nccd 0.21
mile on the north shore, or at the remarkable rate of 110 feet a year. The loss on the west
coast, however, was much less, averaging about 21 feet a year during the period.

The marshland of the southern part of the island is withstanding the force of the waves
much more effectively than the rest of the island and will doubtless be the last to disappear.
It may be interesting in this connection to venture a prediction, based on the facts at hand,
as to the time of final disappearance of the island. By platting the length of the island as
ordinates against the time interval between surveys, it is evident that the rate of erosion has
greatly increased in the last 10 years. If the rate of that interval were to continue the island
would disappear before 1930. However, itis obvious from the general study that the erosion
was unusually intense during this period and furthermore that when the marshland is reached
the rate will decrease. On the basis of the rate of encroachment during the 52-year interval
and the maximum width of 0.28 mile, the time of disappearance would be put at 1947. From
a consideration of the annual areal loss per mile of shore line subject to erosion, one-half the
remaining exposed shore line being used as a basis, the average annual loss will be 1.67 acres. -
By this method the date of the island’s entire submergence would be put at 1942. At the rate
during the last 10 years on the west coast, the estlmated date would be a little later, probably
about 1950 to 1955. ‘ ,

From general considerations the writer feels that it is fairly safe to predict that Sharps
Island will be entirely gone by 1950 and that it is not beyond the range of possibility that the
island will disappear before 1940. - The higher land to the north will doubtless be cut away
first, and in 15 years, if the average yearly rate persists, the house will be reached. In 20 years
probably little will be left but the low-lying marshland.

37183°—15—2
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TILGHMAN ,ISLAND. .

Tilghman Island is the largest and most northerly of the three islands under discussion.
It is over 3% miles long and has an area of more than 3 square miles, providing homes for many

prosperous farmers and fishermen.. At its north end are located the towns of Tilghman and Ava-

lon, with a population of several hundred people. It is separated from the mainland by a narrow
strait called Knapp Narrows.

"This island has suffered much less erosion in proportlon to its area than either of the other
two. The eastern coast, as in the other islands, remained essentially unchanged during the
63 years from 1847 to 1910. Extensive erosion has taken place along the western coast, except
in the protected portion in Pawpaw Cove, a semicircular indentation midway of the island.

During the 53 years between 1847 and 1900 the area of Tilghman Island decreased from
2,015 to 1,686 acres, a total loss of 329 acres, or over 16:3 per cent. The maximum encroach-
ment of the sea has been on the southern cape (Blackwalnut Point), which has receded a quarter
of a mile in 63 years. The average annual encroachment of the sea on the western shore during
the 53-year period was 10 feet, the estimate excluding the shore of Pawpaw Cove, which has
not changed. .This is a much lower rate than those effective on the corresponding coasts of
the other islands. Only the southern portion of the west coast was surveyed in 1910, but here
the erosion has been rather rapid, averaging 29 feet a year for the 10-year period beginning
with 1900.

<

That Tilghman Island will have a much longer life than the other two islands is manifest. -

By considering as before the mean annual areal loss per mile of exposed shore line and using
one-half the remaining westerly exposed shore line as a basis, it would seem that the island
will not disappear in its watery grave for at least 570 years. However, this estimate must be
regarded only as a very rough approximation.

Although the earliest maps show a large stretch of water between Tilghman and Sharps
islands, many of the residents recount the tales told by their forbears of a generation or two
ago concerning the proximity and even the connection of the two islands. It may be inter-
esting in this connection to point out the fact that during the 63 years from 1847 to 1910 the
average annual widening of theintervening water area was 0.01 mile. As theislandsin 1910 were
3.38 miles apart, the time of their separation, if this rate of widening has prevailed continuously,
would be about 340 years ago, or about 1570. This is a hundred years earlier than the date
of the oldest map, that of Herman, which shows a considerable stretch of intervening water.

SHORES AROUND THE MOUTH OF THE CHOPTANK.

This discussion so far has considered chiefly the shores exposed to the waves of Chesapeake
Bay. It may be worth while for comparison to note the changes that have taken place on
points affected more particularly by the currents of Choptank and Little Choptank rivers.
Cook Point, which lies almost due east of Sharps Island, has been remarkably eroded. During
the 53-year interval from 1847 to 1900 this point suffered a loss of 108 acres, or about 17 per
cent of its area, thus losing about 2 acres each year. On the northwest coast of the point,
where the erosion has been greatest, the water has encroached as much as 0.2 mile in 63 years,
or at the rate of 16 feet a year. This rate, however, is a maximum—not an average for the
coast line. ' An interesting feature is the increase of the rate during the 10 years from 1900 to
1910, when the maximum cutting amounted to 0.06 mile, or 32 feet a year. Except at the
extreme end there has been comparatively little change on Cook Point. On the west side of
the point a pond inclosed by a sand bar is filling up, and is a further example of strongly resisting
marsh material. On Hills Point, south of Cook Point, there has been considerable erosion
along the northwesterly exposed shores. The average rate here is about 15 feet annually,
although' the point of maximum cutting may show nearly twice that much. The spit at the
end of this point is remarkable for its persistence throughout the 62 years. Farther south
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the west shore of Ragged Point was cut away to a distance of 0.14 mile in 52 years, or at the
considerable rate of 14 feet a year. Nelson Point, on the north side of the Choptank and east
of Tilghman Island, suffered a very considerable loss in the 53-year interval before 1900. The
former point receded nearly a quarter of a mile, while farther north the neck was cut through
by the currents, leaving the former.southern part of the peninsula an island.

In general the erosion inside the rivers has been less than on the shores exposed to
the action of the bay, although at a few favorable points the cutting has been equally
great. As might be expected, the numerous inlets which in part make up the devious shore
line of this area showed but little change at the end of the 53-year period. Except at the
localities already mentioned, the shore does not show any large losses, the maximum probably
being 300 or 400 feet. Moreover, nowhere in the area under discussion has any considerable
amount of gain been made by the building up of land. However, south of the area studied
large delta deposits are constantly growing and will add a very interesting chapter to the history
of the bay. ‘ '

CHANGES IN SEA BOTTOM.

GENERAL STATEMENT.

Comparlson of the surveys of 1847-48 and 1900-1901 not only showed very- appreclable
changes in the position of the shore lines of the bay but also more or less shifting of the sediments
on t/ho sea bottom, as indicated by the differences in soundings for the two periods. "Many of
these differences are so slight as to come within the limit of error and of the personal equation
of the hydrographers. At thé same time, in the study of a large area such as the entire Chesa-~
peake Bay, many of these small differences might rightly be taken into account, for any -
errors would probably tend to compensate rather than to accumulate. However, over a
considerable area the results would without doubt be negative; that is, they would show no
change. The area here discussed is entirely too small to obtain any very substantial or impor-
tant conclusions. Nevertheless, a few facts may be worthy of note and may suggest further
and better methods for the study of the larger problem.

The method here pursued was to draw, from the Coast Survey charts, hydrogra,phlc contours
representing depths of 6, 12, 18, and 30 fcct, below mean sea level for the two periods. By
suitably designating the two sets of contours, the areas of cut and of fill could by a little inspec-
tion be distinguished. As an intermediate step the area over which a recent contour had
shifted was hachulod differently according as it had moved toward what was higher ground,
thus showing a scouring, or toward what was lower ground thus showing a shoaling. This
greatly facilitated the mapping of the areas subject to erosion and to sedmmntatlon

AREAS OF EROSION.

The largest and most important area of scouring is that west of Tilghman and Shar ps islands.
In fact, except for a small area directly north of the mouth of Choptank River and an area west
of James Island, the slopes of the bay have experienced fairly uniform cutting. Almost every-
where, however, the erosion has been greatest near the shore, while at a depth of 30 feet the
contours show but little change. In the vicinity of the 6 and 12 foot contours the difference in
depth for the two dates very rarely reaches 6 feet, while the average would probably be much less.

Another area of extensive erosion is that north and west of James Island, at the mouths of
Choptank and Little Choptank rivers, where there has been a deepening of more than 6 feet
near shore and uniformly less toward the deep channel. An interesting and rather unexpected
aren of scour is that west of Ragged Point and southeast of Hills Point, but the amount of change
here is somewhat smaller than in the other areas mentioned. Smaller areas of scour are scattered
with little regularity over the region, the exact causal relations in many of them not being
entirely evident.
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AREAS OF DEPOSITION.

The areas of deposition are fewer and somewhat more interesting than the areas of erosion.
They indicate local checking of the movements of the currents, which may have resulted from
a variety of causes. Perhaps the most interesting example of shoaling is that between Tilghman
and Sharps islands, where more than 6 feet of sediment has been laid down in places, the
maximum amount being found between the 12 and 18 foot contours. Here Choptank River,
flowing westward, probably meets, for a large part of the time at least, a strong inshore current
from the bay. . The velocity of the river waters is thus diminished and deposition results. On
the opposite (south) side of the channel scouring has taken place, thus indicating an acceleration
of the river current on that side, except close to the shore, where, strange to say, the soundings
show slight deposition. As the river flows on and reaches the broad stretch of water between
Sharps Island and the shores of Trippe Bay, its velocity is again decreased, owing to the
increase in area-of cross section, with the result that deposition occurs on both sides of the
channel. .

North of the mouth of the river there is an area in which the movement of the water is
modified, owing to the junction of the bay and river currents. Here there is, for this reason, a
small area of deposition. The cause of the shoaling west of James Island is not immediately
apparent, although it may lie in the diversion of the strong river current in a southeasterly
direction by the bay currents, a portion of the water being thus backed up against the island
and east of the main channel. Other areas of deposition are those east of Janres Island and on
the east side of the Little Choptank between Ragged Point and Hills Point.

Approximately 34 per cent of the area covered by water in the territory under discussion
has been affected by erosion or by sedimentation. Of this portion about 80 per cent, or approxi-
mately 26 per cent of the total area under water, has been subjected to scouring during the
52-year interval from 1848 to 1900. It appears from a study of profiles and contours that the
vertical elements in the areas of erosion and in the areas of sedimentation are approximately
equal. Now, inasmuch as but 20 per cent of the area subject to change showed shoaling while
+ 80 per cent showed scouring, and as the vertical element is approximately the same in each case,
it becomes evident that the equivalent of at least 60 per cent of the sediments affected in -the
area must have been carried farther down the bay. The areas subjected to erosion aggregate
35-square miles and those subjected to sedimentation 9 square miles, making an excess of 26
square miles eroded. By taking 1} feet as a reasonable average for the amount of vertical
change, the total quantity carried out of the area and down the bay would approximate 0.007
cubic mile. Of course, no estimate is possible as to the amount transported through this area
from points beyond its borders. However, it.is apparent that a study of the entire bay would
yield interesting data on the amounts of material eroded and deposited in different portions of it.
If to such data could be added an estimate of the amount of sediment carried past any point
in the bay during the 52-year interval, an approximate estimate could be made of the total land
waste of the basins drained by the tributary streams above this point. Such a result would be
of fundamental importance to geologists in the consideration of the phenomena of denudation.
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" SUMMARY. ,
The quantitative results of the study can best be presented by the following table:

Results of erosion at mouth of Choptank River.

Average advance of
Interval water on eroded
e coasts.
Date of ) Area} between Ltg’s:alger
surveys. acres). surveys (dcres). For the
(years). ) period Al(lfré;lg)lly
(miles). '
L S i O O 8
James ISIand . ... oottt aes 1901 . 0.24 24
1910 . .04 23
DE. 2 b 1 e
SharpsIsland. ..o, R 1900 . %f . 1%
1910 b.04 bal
N 1847 | 20015 |oe.iii et el
Tilghman Island . ... oot i ie e eeeas 1900 09 9
1910 ¢.06 c29
1847 s A R
Coqlk POINL G, L i e e 1900 jo.....o....d 0 B3] 20 ... sl i
e €
1910 : 1.06 732
HINS PoInt. oo e { {gi‘g o o o e el s
Rogred Point. . ..ottt e { }ga[s) """"" wl i1

e North shore.

b West shore. :

¢ Only the south end of Tilghman Island was surveyed in 1910,

d %wuég to the shape of Cook Point the maximum linear cutting was measured rather than the average.
¢ For 63 yeoars.

7 For 10 years.

The most interesting feature of the study is the rapid destruction of the three islands.
Sharps Island is disappearing most rapidly and will probably be entirely effaced before 1950.
The remarkable rate of cutting during the last 10 years on the north end of this island, amount-
ing to 110 feet a year, is worthy of note. Observation shows that practically all the erosion
"has been on the west and north sides of the islands; that is,on the shores which-are most open
to the attack of the southerly bay currents and the westerly winds and their waves. In general
the cutting has been greatest along the shores having low scarps made up of the clays and marls
of the Talbot formation and least along those of the low-lying tidal marshes. For this reason
the land now being formed will in many places outlive the older and higher portions. Most of
the projecting points within the entrance to the Choptank show considerable change, although
much less than the shores of the bay proper. No building up of the land is going on within the
area studied, although farther south extensive delta deposits are being laid down.

A study of the submarine changes shows rather extensive scouring along the eastern shore
of the bay proper and less extensive though equally intensive shoaling at places within the
river mouth. The equivalent of approximately 60 per cent of the total amount of the sediments
subject to change in the area is carried farther down the bay. ‘A very rough estimate of the
quantity of material carried away from the area is 0.007 cubic mile, but owing to the fact that
this material comes from several different basins and that the amount of sediment transported
through the area is unknown no idea as to the rate of land waste could be obtained.

In conclusion, while the present work should be regarded only as a test investigation of
the erosion and sedimentation in Chesapeake Bay, it is demonstrated by the comparison of the
two surveys of 1848 and 1900 that very significant changes both in the topography and in the
hydrography of the region have taken place. Although the data here set forth are chiefly of
local importance, it is hoped that the study may suggest certain methods that are applicable to
a complete study of the bay. Such a study of the changes during an interval of over 50 years
would present some idea as to the land connections and distribution not only of the past but
likewise of the future. It would also give quantitative data on the rate of erosion and of sedi-
mentation and, if carried far enough, should furnish new and significant data on the rate of
land waste in the surrounding basins. Finally, if the study of this small area shall lead to a
more extensive investigation as to the quantitative relations of these fundamental geologic
processes, the purpose of the work will have been fulfilled.






DIKE ROCKS OF THE APISHAPA QUADRANGLE, COLORADO.

By WHITMAN Cross.

INTRODUCTION. )

Location and field work.—The Apishapa quadrangle, the geographic relations of which are
shown by Plate IV, is situated on the plains south of Arkansas River, in Colorado, about 24
miles east of the mountain front. The geology of the Pueblo, Walsenburg, Spanish Peaks, and
Elmoro quadrangles, adjoining it on the northwest, west, southwest, and south, respectively,
has been described in folios of the Geologic Atlas.!* G. K. Gilbert, assisted by F. P. Gulliver
and G. W. Stose, took up the survey of the Apishapa area in 1894. The Apishapa folio was
completed by Stose and was issued in 1913. The rocks to be described in this paper were col-
lected by Gilbert and his assistants, the present writer never having visited the area. The
following description of the occurrence of the rocks has been kindly furnished by Mr. Stose.

Occurrence of the rocks.—Forty-three dikes have been observed in the Apishapa quadrangle.
They are mostly vertical in position and trend as a rule nearly west, or somewhat to the south
of west. The greater number are from 4 to 10 feet wide, but a few reach a width of 20 feet or
more.

The trend of the dikes and the charactcl of the dike rocks demonstrate clearly that they
belong to the outer zone of the system of dikes radiating from the Spanish Peaks center, to
the southwest. Near this center similar dikes cut the Eocene Huerfano formation, and in the
Apishapa quadrangle the latest Cretaceous formation present is penetrated by some of the
rocks here described. While the dikes are therefore possibly of late Eocene age, they may be
considerably younger. Fragments of the dike rocks are found in the earliest terrace deposits
of the quadrangle.

The dikes are most numerous, naturally, in the southwestern part of the quadrangle—the
part nearest to the Spanish Peaks. The most thickly intruded tract is an elliptical upland
area southeast of Bonita Cordova ranch, where 12 dikes occur within a strip about 1 mile wide.
In a few places dikes were observed to intersect one another, but the relative ages were not
determined, though the identification of specimens has shown that in most of these places the
intersecting dikes are made up of different rocks. In Graston Butte, the dike hill east of North
Rattlesnake Butte, a long branching dike of basalt is cut by a shorter one of augite vogesite.

Where the dikes penetrate shale the shale has been indurated, as a rule for several feet
from the contact, and erosion has left the dike and the indurated wall rock projecting above
the surface of the soft shales. No noticeable mineral change has occurred in the baked shale.
A similar effect is locally found where dikes cut limestone.

The most, conspicuous of these dike ridges are Mica Butte and Blue Hill. Graston Butte,
east of North Rattlesnake Butte, and some others, unnamed, are nearly as large but are less
conspicuous because they are less isolated.

Where the dikes cut the Dakota sandstone or the T1mpas limestone (Cretaceous), they are
generally attacked more readily by weathering and erosive agencies than the wall rocks and
therefore are indicated by crevices or channels traversing the sedimentary formations.

1 Gilbert, G. K., U. 8., Gool. Survey Geol. Atlas, Pueblo folio (No. 36), 1897. Hills, R. C., idem, Elmoro folio (No. 58), 1899; Walsenburg
folio (No. 68), 1900; Spanish Peaks folio (No. 71), 1901. - -
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Several dikes contain xenoliths of foreign rocks brought up from lower levels and derived
partly from sediments traversed by the dikes and partly from the pre-Cambrian complex below.
The pre-Cambrian rocks are granites, gneisses, and schists, similar to those of the Greenhorn
Mountains, to the west. No fusion or notable metamorphism of these xenoliths was observed.

General character of the rocks.—All the Apishapa dike rocks are very dense and dark in the
unaltered state. The rock most easily determinable in hand specimens is a minette. Two
diabases are dark gray and with a hand lens one can recognize feldspar and pyroxene in them.
The largest group is that of the homogeneous-appearing aphyric aphanites; these grade into
melaphyres (in the field meaning of the term) exhibiting more or less abundant and distinct
small olivine and augite phenocrysts. Biotite tablets as much as 1 centimeter in diameter are
sporadically developed in some rocks.

A few specimens are characterized by round or irregular white grains of analcite. Although
in two specimens these grains appear like phenocrysts, it is believed that they are the filling of
small pores. In one rock a fibrous zeolite occurs beside analcite partly filling vesicles. Calcite
and chlorite are associates of the analcite in some rocks.

. Microscopical study shows that the rocks belong to a series of lamprophyres ranging from

minette to basalt. That the basalt is but one extreme of the series is shown by the gradation
through several occurrences into alkali feldspar rocks carrying abundant biotite and brown
hornblende, with augite and more or less olivine. The analyses to be presented confirm this
characterization. The dikes of the adjacent quadrangles furnish many other lamprophyric
varieties, according to Hills, making the gradation still more striking.

The Apishapa dike rocks will be described under the names minette, augite minette,
tinguaite, olivine-bearing augite vogesite, aug1te-hornblende vogesite, sodic ‘diabase, and ohvme—
plagioclase basalt. :

L PETROGRAPHY.
MINETTE.

Description.—The single dike of normal minette occurs west of the lower or north end of
the canyon of Apishapa River. It trends east-west-and is 10 feet or more in average width.
Material from a point about 5 miles west of the river has a reddish or gray-brown color due to
numerous leaves of glistening biotite, many of which are 2 or 3 millimeters across. A rude
parallel arrangement of the biotite flakes causes a marked schistosity. The matrix is pale
pinkish in tone, owing to the presence of minute biotite scales and limonite pigment. No
phenocrysts of feldspar or augite can be detected.

Under the microscope therock is seen to be a mass of interlacing leaves of fresh biotite, which
form perhaps one-third of the whole, with a matrix cons1st1ng principally of clear alkali feldspar
in blades, many of them arranged in sheaf-like bundles. Besides these predominant constitu-
ents, apatite is notably abundant in colorless cross-jointed prisms, the smaller of which are
included in the biotite. A prismatic mineral, presumably diopside, was once an abundant
element but is now almost wholly decomposed, chlorite and calcite in a very fine aggregate of
indistinct outline taking its place. Magnetite is scattered through the rock in dustlike particles
surrounded by limonitic stain. The feldspar is principally orthoclase, with which is associated
some soda-rich plagioclase, probably oligoclase-albite.

Calcite occurs not only as one of the alteration products of the prismatic mineral but also
in minute scales and irregular particles scattered through the mass. No calcite grains with
distinct cleavage have been seen. The amount of calcite corresponding to the CO, found by
analysis is much greater than the estimate from microscopical examination. This discrepancy
is explained by the presence of minute seams of calcite parallel to the schistosity, representing
a deposit from circulating solutions. These seams do not appear in the thin sections.
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RELIEF MAP OF SOUTH-CENTRAL COLORADO, SHOWING RELATION OF THE APISHAPA QUADRANGLE TO THE SPANISH PEAKS
CENTER OF ERUPTION.

The Apishapa quadrangle is outlined in white.
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Chemical composition.—An analysis of the rock just described, made by George Steiger in
the laboratory of the Geological Survey, is given in column 1 below and is accompanied by
analyses of similar rocks:

Analyses of minette and related rocks.

10). 01 100. 25 100. 88 100.01 100. 42 699,90

99. 88

a Including Zr030.02, C10.04, F 0.23, Cry03 0.04, NiO 0.02, V303 0.04, FeS2 0.06, and deducting 0.11 O for F, Cl.
1. (Auutegmmetto Aplslmpnquadmn;,le Colo. Geor; Stelger analvst
2. Augite minette, éheep Creek, Little Belt Mountams,%[out W, F. Hillebrand, analyst; rock described by L. V. Pirsson, U. S. Geol. Survey
Tw‘?;‘%ﬂ;‘,&‘é’ legtﬁlt)g ll)lfll?enpscﬁili}lr?]oﬁ)d near Dresden, Saxony. B. Doss, analyst; Min. pet. Mitt., vol. 11, p. 27, 1890.
. Minette, F mnkfmlburnnce,N T. LG Eukms analyst described ﬁyJ Iddmgs U. . Geol. Sur\:ey Bull. 150, p. 238, 1898,
5 Syenitlclmnprophym ‘I'wo Buttes, Colo. V. F. Hiliebrand, analyst; described by W, Cross, Jour. Geology, vol. 14 165 1906.

6. Apatite minette, northwest bank Columbm vaer, opposite Northport Wash, W. F. Hillebrand, analyst; describe b F.L. Ransome,
Am, Jour. Scl., 4th ser., vol. 26, p. 337, 1908.

Analysis No. 1 shows low silica and alumina, corresponding to the dominance of biotite;
potash is strongly in excess over soda; and phosphoric acid is very high, in agreement with the
abundance of apatite. The decomposition of the pyroxene and especially the infiltration of
calcite account for the high carbonic acid. It must be assumed that the biotite is rich in
magnesia, and probably a large part of the titanic acid is to be found in the mica, as no
ilmenite or titanite has been detected.

A comparison with other analyses of minette, after all due allowance has been made for
the calcite present, shows the Apishapa rock to be unusually femic. While good analyses of
minette are rare, the few found in literature are of rocks much richer in silica, alumina, and
magnesia. None of those cited is so comparatively rich in potash. The Colorado rock has
also a larger amount of titanic acid than the others. It is exceeded in phosphoric acid con-
tents only by the apatite-rich minette of Washington (No. 6). The Washington rock is also
rich in titanic acid, and it seems not improbable that these two minettes were, When unaltered,
closely allied rocks.

In general mineral and chemical chzu‘acter this minette is about as closely related to the
peculiar lamprophyric rock (prowersose) from Two Buttes, Colo. (No. 5), as it is to any of the
analyzed minettes. That rock is richer in orthoclase and diopside and poorer in biotite than the .
minette. It has also much less normative apatite and ilmenite. The Two Buttes rock was
described as ‘‘a syenitic lamprophyre allied to minette.”” - \

Classification.—The described characters of this rock clearly place it under minette in the
qualitative system. It was no doubt originally an augite-bearing minette, though perhaps
approaching the pure biotite variety. The rarity of minette free from auglte or hornblende
has been commented on by Rosenbusch.!

The position of this rock in the quantative system may be approximately determined in
spite of its high content of carbonic acid, for, as has been pointed out, the greater part of the

1 Rosenbusch, H., Mikroskopische Physiographie der massigen Gesteine, 4th ed., p. 666, 1907,
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calcite is not due to decomposition of rock constituents. The norm and systematic position of"
the rock are as follows:

Norm and systematic position of minette from Apishapa quadrangle, Colo.

1 42.2
Class: I§:m =33 12—-1 11, sa,lfemaue, III.

Order: %: ﬁ%=0, perfelic, gallare, 5.
K,0’4+NaQ¥ 76

Rang: G0 —o0=% peralkalic, 1, orendase.

Subrang: m=ﬁ=5.33, dopotassic, (1) 2 (unnamed).

Symbol: ITI.5.1.(1)2.

Unless more soda has been removed than there is discernible reason to suppose this is one
of the most distinctly potassic rocks known. But the degree of alteration, as well as the transi-
tional position of the rock shown by the ratio K,0:Na,O, renders it inappropriate to name
the subrang from this occurrence. The minette from Washington (No.6) contains both nephe-
lite and leucite and a large amount of diopside in its norm. It seems evident that the Apishapa
‘rock may have contained so much pyroxene that normative lenads would have appeared if
the analysis had been made on fresh material.

AUGITE MINETTE AND TINGUAITE.

AN

Mica Butte, situated west of Apishapa River, in the southern portion of the quadrangle,
is traversed by an east-west dike, the single specimen of which at hand exhibits two distinct
rocks, one cutting the other in very intricate fashion. No recorded observations give further
data on the field relations. The specimen consists chiefly of a brown, fine-grained, plainly
biotite-bearing rock, much brecciated, and penetrated by dull pale-green tongues of apparently
crystalline character. A poikilitic fabric is indicated in both parts by the cleavage luster of
large feldspar grains, some nearly 1 centimeter across. The chadacrysts*® are irregularly dis-
tributed through the orthoclase and all other primary constituents occur in this manner.

From the name given to the butte where this dike occurs it may be inferred that biotite
is developed in much of the rock in larger crystals than in the specimen. The green material,
of tinguaitic character, is so different from the minette that some considerable development
must also beassumed for it.

Under the microscope the minette part of the specimen is found to consist of biotite, augite,
alkali feldspar, apatite, magnetite, and brown glass. Fresh feldspar grains of various sizes
inclose many augite and apatite needles of perfect crystal form and wholly irregular orientation.
Some of the augite prisms betray the presence of the sgirite molecule by color and pleochroism
but retain a large extinction angle. Smoky glass acts like the feldspar as matrix for the other
minerals in many spots. Titanite is present in a few large grains penetrated by apatite needles.

This augite-bearing minette gives reason for the suppositon that the altered prismatic
mineral of the other minette described was augite, but the latter rock is much richer in biotite
than the specimen from Mica Butte.

The tlngualtlc material, injected in fine veinlets all through the minette, varies greatly in
texture and in the degree to which it is mixed with the minette minerals, especially biotite.
Some narrow arms are coarse grained and consist of alkali feldspar, aegirite, apatite, titanite,
magnetite, and glass. In such parts the sgirite occurs’in irregular bunches or interstitial
grains between the larger and more abundant alkali feldspars.

. 1 Chadacrysts are the crystals or grains inclosed in the oikocryst, or ‘‘host’’: Iddings, J. P., Igneous rocks, vol. 1, p. 202, 1909.
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In other tongues there is a felt of segirite needles in a fine granular mass of feldspar, and
here augite of the same habit is more or less mingled with eegirite, as is also more or less biotite,
in minute flakes. Sodalite or noselite in regular crystals is variably developed in some veinlets.

‘While this occurrence of tinguaitic character is worthy of note, the lack of observations as
to its occurrence and the nndequate materml at hand for its study make further description
at this time undesirable.

OLIVINE-BEARING AUGITE VOGESITE. -

Description.—The most abundant variety of these Apishapa dike rocks is made up princi-
pally of augite, olivine, magnetite, apatite, and a colorless matrix, which in most rocks consists
mainly of alkali feldspar but in some is in part a glass. Biotite is a very common and brown
hornblende an occasional constituent of small quantitative importance. All these rocks appear
to be domafic! in general character, but the analysis of a typical rock of this group shows that
the salic molecules actually predominate in the norm and they probably do so also in the mode.

Most of these vogesites are dopatic or perpatic microphyres, megaphenocrysts of olivine,
augite, or biotite heing rare. Both olivine and biotite sporadically reach dimensions of 1 centi-
meter or more. Under the microscope it is seen that olivine is commonly and augite occasion-
ally developed in prominent phenocrysts. But the porphyritic texture is locally obscured by
the seriate development of augite from the largest to the minutest particles. In afew specimens
white grains of analcite are conspicuous, but these are believed to be the filling of small vesicles,
and though possibly formed immediately after the consolidation of the magma, the analmtc is
not, p1op011y a phenocryst.

Augite is the most abundant constituent of these rocks, possibly exceeding 35 per cent in
some dlkcs It is pale green in color, prismoid in form, and generally of euhedral or subhedral
development. In size it ranges from microphenocrysts several millimeters long to minute
particles requiring a high-power lens for their identification. It is almost 1nvar1ably unaltered.

Olivine was probably present in all these rocks, and in many of them it is still fresh, but
in a few it is entirely altered to a chloritic or pilitic aggregate. Biotite is seldom lacking among
the minute particles of the gToundmass, and here and there hornblende of similar brown color
is associated with it.

The brownish color of the base in some rocks is found by high magmﬁcatlon to be due
mainly to minute scales of biotite or short prisms of hornblende, and in others it is caused by
ferritic globulites. Both hornblende and biotite may be developed in equant grains of similar
appearance. Magnetite occurs in many small and nearly uniform grains, but is less abundant
than might be expected in such basic-looking rocks. Apatite is variable in amount but is
unusually abundant in most dikes.

The felsic? element of these rocks plays the part of a base holding the mafic constituents.
It is holocrystalline in a few rocks, partly crystalline in some, and almost or quite hyaline in
others. In the most distinctly crystalline form it is anhedral and granular and consists of
apparent alkali feldspar having a refractive index always distinctly less than that of balsam.
More commonly the base exhibits but faint polarization and has a pale-brownish color when
examined with low power. TUnder high magnification the mass often appears fibrous, the
fibers being outlined by pale-brownish globulites between them.

The rock of this group, of which an analysis is given on page 22, is representod in Plate V.
Plate V, A shows the appearance in ordinary light. Olivine in large crystals is represented by
white areas having a rough surface. Augite is developed in clouded prisms corresponding to
the olivines in size and also in many small prismoids and grains. The white irregular base is

1 Mafic applies to the whole group of ferromagnesian minerals developed in rocks and to rocks in which such minerals dominate. Tt is distinet
from femic, which applies properly only to normative nonaluminous ferromagnesian molecules. Cross, Iddings, Pirsson, and Washington, Jour.
Geology, vol. 20, p. 561, 1912,

3 Felsic, a term complementary to mafic, has been proposed for the group of modal feldspar, feldspathoids, and quartz, to which the normative
term salic is often incorrectly applied. Cross, Iddings, Pirsson, and Washington, idem.
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alkali feldspar, some of the radiating and branching groups of needles being visible in the center
of the figure. Biotite is here very subordinate and its small flakes can not be distinguished
from magnetite in the photograph.

Platc V, B brings out the rather prominent bundles of alkali feldspar needles and the
irregularly granular, anisotropic character of the rest of the white base of Plate V, A.

In afew of these augite vogesites there is some isotropic or very faintly polarizing substance
that plays the same textural part as the feldspar aggregate of the rock illustrated by Plate V.
Some alkali feldspar accompanies this-base, Whlch is supposed to be glass. It is clouded by
minute brownish particles.

In several rocks there is also another 1sotroplc substance, of dusty appearance and low
refractive index, which is usually associated with chlorite and calcite and is believed to be
secondary analcite.

Indications of plagioclase are entirely lacking in most of these olivine-bearing augite
vogesites. Nephelite is possibly present in small amount in the very fine grained- base, which
consists largely of alkali feldspar, but it nowhere assumes a distinctly recognizable form.

Chemical composition.—An analysis of a fresh typical olivine-bearing augite vogesite is given
in column 1 below, together with analyses of chemically analogous rocks, for comparison.

Analyses of olivine-bearing augite vogesite and related rocks.

1 2 3 4 5 6 7
44,31 44.39 44. 87 43.64 42. 80 44. 66 44. 52
*14.10 13.12 14.05 13.12 12.49 12.97 14.28

4,75 4.19 . 03 6. 40 4,32 3.84 6.36
6.02 7.38 7.79 5.52 6.06 7.55 5.39
7.80 9.54 8.87 9.36 7.62 9.35 7.13
9. 66 9.55 9.76 9. 52 10.43 8.82 10.20
3.74 4.17 4.65 3.89 4.33 4.24 3.76
2.8 2.22 2.31 2.18 2.75 2.78 2.59
3.29 1.96 .62 49 4.92 69 } 3.53
881 ..., P 16 |.......... 48 "
2,10

’ - 100. 49
B O P g .05

100. 44

e Including Cos, 0.16. : b Including Cr:0g, 0.01, and NiO, 0.26.

1. Olivine-bearing augite vogesite, dike south-southeast of Dripping Spring, Apishapa quadrangle, Colo. Analyst, George Steiger.

2. Feldspar basalt, Friedrichstolln, Der Meissner,.Allendorf, Hesse. Cited by F. Beyschlag, Erliiuterungen zur geologischen Spezialkarte von
Preussen, Blatt Allendorr p. 47, 1886.

3. Essexite, Haselba,ch Passau, Bayrischer Wald, Bavaria. Analyst, G. Vervuert. Described by A. Frentzel, Geogn. Jahresheften, vol. 24

162, 191
P 4. Nephellte basanite, La Garrinada, Olot, Spain. Analysis and description by H. 8. Washington, Am. Jour. Sci., 4th ser., vol. 24, pp.

233-240,
5. Leucxte basalt, Hertinghausen, Hesse-Nassau, Germany. Analyst, Dittrich. Described by R. Bernges, Neues Jahrb., Beil. Band 31,

633, 1911.
P 6. Basalt (trachydolente), Sverres Fjeld volcano, Bock Bay, Spitzenbergen. Analyst, Dittrich. Described by V. M., Goldschmidt, Viden-

skapsselsk. Skr.-naturv. Kl., 1911, No. 9.
7. Nephelite basanite. “Jesserken 1 Berg, Bohemian Mittelgebirge. Analyst, C. Fr. Eichleiter. Described by G. Irgang, Min. pet. Mitt., vol.

28, pp. 55-57, 1909.

‘The agreement in chemical character among these rocks is notable, yet the names assigned
to them show how,greatly the conditions of consolidation affect the mode. The seemingly
small variations of the different oxides have in fact an important effect on the normative or

- potential mineral character of these magmas, as appears from the table of norms given below.
Titanic acid is notably high.
Classification.—The norms of the rocks whose analyses have been quoted will be found
in the table below. Those for the cited rocks of this and succeeding tables have been calculated
by H. S. Washington.!

1 Dr. Washington has kindly given me free access to the extensive material he has compiled for a new edition of his invaluable tables of rock
analyses, now nearly ready for publication.
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PHOTOMICROGRAPHS OF ANALYZED AUGITE VOGESITE.

A, With one nicol; B, with crossed nicols. Magnified 51 diameters
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Norms of olivine-bearing augite vogesite and related rocks.

1 2 3 4 5 6 7
12.79 16.12 16.68 15.57
15.58 7.86 9.96 10. 48
11.95 6.95 7.51 14.18
11.08 15.34 13.92 11.64
23.76 26. 46 23.12 25.68

8.68 6. 81 13. 66 4.93
4.64 6.26 5.57 9.23
8.66 6.38 5.32 3.95
2 R R P
1.68 4,02 2.69 1.34

The position of the Apls}mpa rock (No. 1) in the quantitative system is determined by
the following data:
Class: FS(:%L 3(; %E(’)-—l 11 =III, salfemane.

Order: —-——=0 376=6, portugare.

Rang: KQOC:OI\iaQO = 2% =1.936=2/, monchiquase.
_ 30

K,0/
Subrang: NazO’ e =(.49 =’4, monchiquose.

The other rocks have the following symbols:

2....T11.6.2.4 4....TI1.6.2/.4 6....111.6.2.4
3....II1.6(7).2.4 5....T11.6/.2.4 7....111.6.2(3Y .4

The Apishapa rock comes well within the central parts of the salfemane class and its lendo-
felic order, portugare. Itis domalkalic butintermediate toward the alkalicalcic rang limburgase.
As to subrang it is dosodic but intermediate toward the sodipotassic shonkinose. With regard
to the femic elements it is dopolic, prepyric, premiric, and premagnesic, and in these Tespects
the rocks compared with it are closely analogous.

In the mineralogic or qualitative system the Aplshapa rock must be called an olivine-
bearing augite vogesite, for it has no plagioclase. Manifestly its feldspar is highly sodic and
hence the rock is not a typical vogesite. ‘ .

Bearing the name vogesite, the Apishapa rock parts company with its chemical analogues
so far that no suggestion of close similarity with them is conveyed by their current names.

C’ompamson of morm and mode.—In the vogesite from Colorado norm and mode do not agree
at all closely in some important respects. That rock is purely of an alkali feldspar type, yet
it has more normative anorthite than most of the chemically analogous rocks containing plagio-
clase. It has a large amount of normative nephelite but little in the mode, while the reverse
is true of augite and olivine. No doubt the augite contains much of the lime and alumina of -
the normative anorthite, and the abnormative amounts of olivine and augite release some
silica, which presumably served to decrease the nephelite and increase the albite of the rock.

It is interesting to note that the rocks compared with this vogesite also exhibit differences
of norm and mode. The basalt of the Meissner (No. 2) is a well-known rock cited by Rosen-
busch, Zirkel, and others as typical of the doleritic basalts of intersertal texture, without mention
of nephelite as a constituent. Beyschlag, however, notes that among the petrographers who
have studied the Meissner basalt Senft and Mohl have reported nephelite, a determination which
he regards as requiring confirmation. The quoted analysis of the Meissner basalt seems clearly
to be the most reliable of those cited by Beyschlag, but lie unfortunately gives no special desc1ip- ‘
tion of the material analyzed. Alkali feldspa,r is present, though not in large amount, in a
section of rock from the Meissner given to me many years ago by Prof. Zirkel, but I have not
been able to find nephelite in it. The norm of the Meissner basalt shows that it has potential
nephelite, and if conditions in some parts of the mass were favorable to its development nephelite
might well assume locally an important role.
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The essexite (No. 3) of the above table has abundant andesine, though its normative
anorthite is less than that of the vogesite. In spite of the name essexite Frentzel does not
mention nephelite as a constituent, although 17.46 per cent is shown in the norm. The nephelite
basanite of La Garrinada (No. 4) has abundant labradorite and some nephelite, but orthoclase
is not mentioned by Washington. The leucite basalt (No. 5) has so much glass that its holo-
crystalline mode can not be safely inferred, but its abnormative leucite is certainly not-due to
low silica or high potash contents.

The basalt of Bock Bay (No. 6) appears from the full description of Goldschmidt to have
nephelite in its groundmass, though in particles so minute that he regards the determination
as questionable. Although containing practically the same potash and more soda than the
vogesite, this basalt hasno determinable alkali feldspar. Withless lime and much less normative
anorthite than the vogesite, it has considerable plagioclase, richer in soda than in lime.

The nephelite basanite of Jesserken Berg (No. 7) presents curious relations of norm and mode,
particularly when compared with the vogesite (No. 1) and the basalt of Spitzbergen (No. 6).
It is a sanidine-bearing nephelite-hauyne basanite with oligoclase as its lime-soda feldspar, yet
it has nearly twice as much normative anorthite as the basalt from Spitzbergen and is rot so
rich in the alkali molecules. It agrees closely with the vogesite in chemical composition but
has both plagioclase and lenads much more prominently developed.

HORNBLENDE-AUGITE VOGESITE.

Description.—A group of vogesites differing but little from the group just described in
megascopic appearance is characterized by an abundance of camptonitic brown hornblende,
equaling or exceeding augite in amount, with biotite of the same brown color, and a variable
development of plagioclase, which is always subordinate to alkali feldspar. Olivine is or was
a constituent of less importance than in the other group, and it is commonly decomposed to a
pilitic aggregate, while the other mafic silicates are fresh. Apatite and magnetite are abundant.

Some of these vogesites are unevenly panautomorphic, granular except for the alkali
feldspars, and so coarse that their texture can almost be recognized by the unaided eye. Others
are microphyres, and in these hornblende and biotite are chiefly or wholly in the groundmass,
while a part of the augite appears in distinct microphenocrysts along with olivine.

The mafic silicates predominate somewhat, but feldspars are more abundant than they seem
to be, because of the occurrence of the alkali feldspars as the matrix. Plagioclase is most com-
monly developed in stout crystals of 1mperfect form and is labradorite or andesine.

Analcite occurs in round phenocrystic grains and some of it seems as if it might be primary,
but this is questioned because small pores of the same size containing chlorite, calcite, and
sometlmes analcite are present in the same rocks.

© Plate VI reproduces photomicrographs of the hornblende-augite vogesite of which an
analysis is submitted below. This rock came from a dike 3 miles west of the upper end of
Apishapa Canyon and east of Mica Butte. Plate VI, 4, taken in with one nicol, shows the general
texture very well. The large prism to the left of the center and nearly all other prisms and
grains of the same shade of gray are augite. Many darker-gray crystals are brown hornblende,
which is intergrown with augite at one end of the large prism and in many other crystals. Three
decomposed olivine crystals appear near the center. Biotite is very subordinate in this rock.
The black grains of Plate VI, 4, are all magnetite, and several long needles of apatite appear in
the left-hand portion. The feldspathlc base is resolvable only in polarized light between crossed
nicols. Plate VI, B, brings out the multiple twmnmg (albite and pericline laws) of a stout crystal
near the upper border and albite twinning appears in-a few other grains but is less easily distin-
guished in the illustration. Some clear alkali feldspar needles, which are also visible in 4, appear
more sharply defined in B, lying in a fine aggregate of feldspathic character.

Chemical composition.—‘—The augite-hornblende vogesite of a dike 4 miles west of Apishapa
Canyon has the composition given in column 1 on page 25, according to an analysis by George
Steiger. Analyses of some of the most closely allied rocks are given for comparison.
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PHOTOMICROGRAPHS OF ANALYZED HORNBLENDE-AUGITE VOGESITE.

A, With one nicol* B, with crossed nicols. Magnified 51 diameters
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Analyses of augite-hornblende vogesite and related rocks.

L. Augite-hornblende vogesite, Aplshap's quadrangle, Colorado.

2. Limburgite, Woodend, Macecdon, Victoria, Australia. Skeats and Summers, Geol. Survey Victotia Bull. 24, ]g) 28, 1912.

3. Olivine momomte Smalmgen, Fahlun, Sweden., Analyst, L. Schmelck. Described by W. C. Brogger, Die Eruptivgesteine Kristiania-
gebiotes, vol. 2, p. 46, 1895,

4, o 0) clfto basanno Cruzeat, south of Olot, Spain.: Analysis and description by H. S. Washington, Am. Jour. Sci., 4th ser., vol. 24, pp.
233-24

5. Nephcllto basanite, Montsacopu near Olot, Spain. Analysis and description by H. S. Washington, loc. cit.

This type is more basic than the vogesite described above, having less silica, alumina, and
alkalies and more magnesia and lime, but these differences are not enough to obscure the general
similm'ity of the two rocks. The cumulative effect of the differences is best appreciated by a
comparison of the norms of the two rocks.

Classification.—The norms of the hornblendic vogesite and the correlated rocks ‘are as

follows:
Norms of augite-hornblende vogesite and related rocks.o

1 2 3 q 5
15.01 | 1223 22.8| 13.90 13.34
1.00 | 13.10 11.0 9.43 14.15
16.40 | 15.29 183 1473 15.01

.11 2,84 6.5 11.64 9.37
23,48 | 21.99 23.6 | 24.28 21, 86
9.48 | 1779 131 1 9.73
8.58 4.87 3.5 4.64 6.73
3.9 6.38 .8 7.75 8. 06
1.78 2.35 1.0 1.34 1.68
94.79 | 96.84| 100.4| 9582 99.93
5.62 2.87 .5 .88 .35
100.41 | 99.71) 100.9| 99.70°|  100.28

a "The norms of Nos. 2 to 5aro as calculated by Dr. Washington. Nos. 4 and 5 differ slightly from those originally published by him (loc. cit.)."

The position of the vogesite in the quantitative system is indicated by these data£

Sal _ 47.52
Class: Tem =17 27— =1 +=III, salfemane.
Order: {—;—54—%—0 120+4-==5(6), portuor‘l.re gallare.
/
Rang: I—{i(-)-—-c%i—gg—— gg—l 12=3, camptonase-limburgase.

/
_ Subrang: %\I{OO’ —gZ—O 69=3’, ourose-kentallenose.

The symbols of the analogous rocks are:

2.... TIL &.3,3(4). 4.... IIL. 6.(2)3.4.
3.... TIL 5(6).3.3. 5.... 111/6.(2)3.4.
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The Apishapa rock is near the center of the salfemanes and by its low nephelite falls in the
perfelic order gallare, but it is transitional to portugare, in which the hornblende-fres vogesite
comes. Through low alumina and consequent lower anorthite this vogesite is alkalicalcic
and through less preponderant soda it is sodipotassic.

Kentallenose and ourose have even fewar known representatives than monchiquose and
the Apishapa rock has few very close analogues, as the above table shows.

The motex ! of this rock places it in the mineralogic system as a lamprophyre of dominant
alkali feldspar with hornblende, augite, and olivine as its mafic silicates. By the appearance
of plagioclase the rock approaches the monzonitic series of lamprophyres.

Comparison of norm and mode.—In this rock, as in the olivine-bearing vogesite, the most
notable discrepancy between norm and mode is in the lime feldspar. With 16.4 per cent norma-

“tive anorthite the rock has but little plagioclase, while its nearest chemical analogues are char-
acterized by plagioclase.

OLIVINE-PLAGIOCLASE BASALT.

Description.—The basalts of the Apishapa quadrangle are dark, dense rocks, differing
from the vogesites because of their more distinctly crystalline appearance, due to the develop-
ment cf feldspar. Yet these rocks are so fine grained that only a few crystals of olivine, augite,
or plagioclase can be clearly recognized by the unaided eye even in the coarsest specimens.

The microscope shows that the olivine, augite, plagioclase, magnetite, and apatite have a
development like that most commonly found in typical basalts of dense and nearly holocrys-
talline texture. Olivine exhibits a tendency to form small phenocrysts, while augite and
plagioclase are less commonly prominent in this way. But a seriate gradation from largest
to smallest grains diminishes or destroys the porphyritic appearance. The ophitic relation of
plagioclase and augite is seldom pronounced.

Biotite in small leaves is' sparingly present in some of these basalts. Brown hornblende
has not been noted. The interstitial feldspar is orthoclase or an alkali feldspar containing
both potash and soda. In some dikes this alkali feldspar is almost lacking and in others it has
a development similar in character though not in importance to that in the olivine-bearing
augite vogesme Glass is present in some dikes in clear colorless areas penetrated by mineral
grains or prisms, but does not assume the rdle, common in basalts, of a base of smoky color
and globulitic interpositions.

Plate VII, A, represents the appearance of the basalt of which an analysis is gwen below,
as seen in ordmary light. - The large phenocrysts of rough surface are olivine. Augite appears
only in the prismoids and grains of much smaller size but forms a large part of the rock. The
interstitial white areas represent abundant plagioclase laths and irregular grains of plagioclase
or alkali feldspar, which are not readily distinguished except when seen in polarized light. The
greater part of the black areas represent dark-brown biotite and the remainder magnetite.

Plate VII, B, represents the same area as seen .in polarized light, the plagioclase laths
being here much more distinct.

Chemical composition.—The chemical analysis of the basalt is given in the subjoined table,
together with those of the nearest chemical analogues of which I have found mention:

L Moter is a convenient term by which to refer to the mode and texture of any rock. See H.S. Washington, Am. Jour, Sci., 4th ser., vol. 24,
p. 230, 1907.
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PHOTOMICROGRAPHS OF ANALYZED PLAGIOCLASE BASALT.

A, With one nicol; B, with crossed nicols. Magnified 51 diameters
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Analyses of olivine plagioclase basalt and related rocks.

99. 57 99. 68 100. 59 99.96 99.78 100. 36

a Not determined.

1. Olivino-plagloclase basalt dike 8 miles east-northeast of North Rattlesnake Butte, Apishapa quadrangle, Colorado. Analyst, George Steiger.
) 2. No})glcligt;){%asnnite, Las Planas, south of Olot, Catalonia, Spain. Analysis and description by H. 8. Washington, Am. Jour. Sci., 4th ser.,

vol. 24, p. 217 B

3.1 wsnlt,' Hilnenherg, Blatt Melsungen, Prussia. Analyst, Steffen. Described by F. Beyschlag, Erliuterungen zur geologischen Spezialkarte
von Proussen, Blatt Melsungen, p. 20, 1891. .

4. Basalt, Wostray, near Milleschau, Bohemia. Analyst, J. Hanamann. Cited by J. E. Hibsch, Min. pet. Mitt., vol. 24, p. 274, 1905.

5. Basalt, Matavuna, flow of 1805-6, Savaii, Samoan Islands. Analyst, Heuseler. Described f)y A. Klautsch, Preuss. geol. Landesanstalt
Jahrb., vol. 27 (1907), p. 174, 1010. i o .

6. Basalt, Mount Terang, Camperdown district, Victoria, Australia. Analyst, A. A. Topp. Rock described by H. J. Grayson, Geol. Survey
Victoria Mem. 9, p. 22, 1910. :

The basalt of the Apishapa quadrangle has a composition similar to that of the vogesites
but is slightly richer in magnesia and richer in soda relative to potash. The total of the alkalies
is high and the silica low for an average feldspar basalt. ‘

Classification.—The norms of the basalt of the Apishapa quadrangle and the analogous
rocks are as follows: .

Norms of olivine-plagioclase basalt and related rocks.

1 2 3 4 5 6
10.56 11.12 10. 56 8.34 11.12 10. 56
12.58 15.20 14.67 13.10 8.91 14.67
14.18 14.18 13.62 16.12 12.79 16.96
8.52 6. 82 8.24 9.37 8.80 5.40
24,53 22.02 21.04 23.89 25.41 22.14
16.24 14.10 18.62 18.16 17.78 15.75
5.34 5.34 7.89 9.98 6.50 7.66
3.80 9.42 A8 [l 6.54 5.02
2.12 1.34 2.12 1.01 1.01 1.68
97.87 99. 54 97.24 99.97 98. 86 99. 84
1.58 4 3.54 .00 1.14 62
99.36 100.01 100.78 99.97 100. 00 100. 46

The quantitative classification of No. 1 is shown by the ratios cited below:

Sal 45.84
Class: m=m=0-881=111: salfemane.
L_ 852

Order: T—37 35—0-228="6, portugare.

/ 4 f
Rang: IS‘%?,&ZQ-=?5—%=1.45=’3, limburgase.

/
Subrang: 1%=;—g=0,345=4, limburgose.

The symbols of the rocks express the degree of normative resemblance between them.

1..0. IT1.76./3.4. 3.... TI1.76.(2)3.4. 5...\ T11.6.(2)3.4.
2.... TIL.(5)6./3.4. 4.... 111.6.3.4. . 6.... IIL.5(6).3.4.

37183°—15—3
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The classification by motex places the Aplshapa rock among the olivine- plagioclase basalts.
That it is not a typical feldspar basalt is shown in the discussion of norm and mode.

Comparison of norm and mode.—While the mode of the basalt of the Apishapa quadranglo
is more nearly normative than those of the associated vogesites, in that anorthite is at least
more fully developed in plagioclase, its norm contains a considerable amount of nephelite which
probably does not appear in the mode. This nephelite shows the basalt to belong potentially
with the nephelite .basanites rather than with the common basalts falhng in auvergnose or

camptonose. The potential significance of this normative nephelite is fortunately illustrated
in striking manner by the nephelite basanite of Las Planas (No. 2 of table), which is very near
to the basalt of the Apishapa quadrangle in chemlcal composition but has less normative
nephelite.

The basalts of Hiinenberg (No. 3) and Wostray (No. 4) are not described in detail in the
publications cited, but presumably they contain no recognized nephelite.

The lava of Matavuna volcano (No. 5) is, according to Klautsch, largely vitreous, but it
contains labradorite, both in small phenocrysts and in microlites.- Klautsch points out a
chemical similarity between this lava and the nephelinite of Katzenbuckel and the. nephelite
basanite of Hundeskopf.

The basalt of Mount Terang (No. 6) is also largely glass, but shows some augite and feldspar.

SODIC DIABASE

Three dikes of the Apishapa quadrangle have a general dla,ba,sm character in that the
. specimens from them are largely augite-plagioclase rocks with ophitic texture more or less
distinctly developed. They are of very simple mineral composition, and their principal char-
acteristic is the highly sodic-character of the plagioclase. This appears to be oligoclase or
oligoclase-albite, no andesine or labradorite havmg been noticed.

The rock nearest to common diabase in texture forms a dike 7 miles south-southeast of
Dripping Spring. It is a grayfine-grained ophitic rock in which the fabric is more evident to
the unaided eye than in any other dike of the quadrangle, yet few of its largest feldspar and
augite crystals exceed 1 millimeter in length. The plagioclase crystals are more nearly euhedral
than the augite crystals and often penetrate them, but the augite grains are not large enough to
emphasize the ophitic fabric.

Plagioclase predominates over augite, to whlch the other constituents, embracing biotite,
titaniferous magnetite, apatite, and probably some monoclinic alkali feldspar, are all decidedly
subordinate. Chlorite, calcite, and analcite (?) are the noteworthy secondary minerals. Of
these, chlorite seems to represent, in part, a former prismatic constituent, of much less abundance
than augite, which is tentatively thought to have been hypersthene, for augite does not undergo
visible alteration to chlorite in these rocks, nor does the brown hornblende of other dike rocks
of the region. Olivine is not present and the long prlsms replaced by chlorite are of a form
not assumed by olivine in the associated rocks.

Plagioclase, the principal constituent of the rock, occurs in tablets of multiple alibitic
twinning, appearing very ‘‘dusty’ in ordinary light, but it is really not much decomposed.
Its refractive index in most sections is near that of Canada balsam but is prevailingly lower,
and the maximum extinction from the trace of albite twinning plane is about 7°. It seems
probable that ollgoclase—alblte is the term best expressing the composition. Some monoclinic
alkali feldspar is probably present, but none was deﬁmtely identified. A colorless, isotropic
mineral of low refraction occurs in small amount, in association especially with calcite and
chlorite, and is referred to analcite. .

One of these diabasic rocks forms a dike running east from the mesa 5 miles west of Drlppmg
Spring. It is similar in texture and grain to the rock just described and differs from it in com- -
position mainly in the character of the plagioclase, which is more distinctly oligoclase. Biotite
and hornblende of the same deep-brown color are equally abundant, but are far subordinate to
pale-green augite. ‘
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RELATIONS OF THE APISHAPA ROCKS TO THE SPANISH PEAKS.

The dikes of the Apishapa quadrangle belong to a great system of radial dikes, with
associated sills, which surround the Spanish Peaks, an eruptive center situated 25 miles south-
west of the border of the quach angle. (See Pl. IV.) The rocks of this center and of the dikes
and sills, so far as they occur in the Spanish Peaks, Walscnburg, -and El Moro- quadrangles, have
been described in a general way by R. C. Hills, in the folios dealing with these areas. No
chemical analyses accompanied the descriptions by Hills. The description of the Apishapa
rocks and especially the four analyses presented in this paper indicate in some measure the
interest attaching to the rocks of this remarkable center of associated differentiates. A sum-
mary of the data given by Hills will make this still clearer. ‘

At the Spanish Peaks there are three great stocks penetrating Eocene beds. The rocks of
these masses ave called by Hills granite porphyry, augite granite porphyry, and augite diorite.
The granite porphyry is described as containing abundant large phenocrysts of orthoclase and
quartz and some plagioclase. The groundmass is rich in quartz, partly in micrographic inter-
growth with feldspar, presumably orthoclase. No mafic constituents are mentioned as present
in this rock, but it grades within a narrow transition zone into the augite granite porphyry,
which is characterized by both augite and biotite. Augite diorite is a collective name for some-
what different rocks variably rich in. auglbe, biotite, hypersthene plagioclase, orthoclase, and
quartz.

On the map of the Spanish Peaks quadrangle Hills represents 240 dikes. A ‘large and
perhaps ecqual number are said to occur in the unmapped area west of the center of eruption.
At 10 or 15 miles from the peaks begins a zone marked by thin sills of rocks like those which
. occur in dikes, and in several places dikes and sills are visibly connected. In the Walsenburg
quadrangle 70 dikes and 20 sills were mapped, most of which belong to the Spanish Peaks
system. Ten dikes and several sills occur in the El Moro quadrangle, south of the Apishapa.

The dike and sill rocks are referred by Hills to five principal groups, which at their inter-
sections exhibit certain rather definite age relations. In the folio legends these groups are
designated ‘‘early monzonite porphyry” (76 dikés), ‘‘early lamprophyre” (10 dikes), ‘‘late
monzonite porphyry” (13 dikes), ‘‘late lamprophyre” (88 dikes), and ‘‘basalt” (34 dikes).

. The monzonite porphyries carry both plagioclase and alkali feldspar in large amount. In
the earlier group the mafic constituents are augite and brown hornblende, while in the later
group these minerals ‘are less prominent than biotite. Quartz is present in the groundmass of
some of the later porphyries.

The lamprophyres exhibit great variety in composition both as to feldspars and as to
mafic silicates. They range ‘‘from a near approach to the syenites, at one extremity, through
the hornblende vogesites and monzonites, to the camptonitic varieties, at the other.” " A
basic variety of the earlier group, ‘‘containing but little hornblende, shows an abundance of
biotite, with more or less augite and olivine as phenocrysts, and magnetite in the groundmass ”
Some of the later lampr ophy1 es are ophltlc in fabric.

Under ‘‘basalt’ Hills groups various rock types, some of which he says are nearly related
to certain lamprophyres through abundance of hornblende and biotite and the presence of
alkali feldspar. There are, however, some ‘‘normal basalts,” which constitute the only excep-
tions to ‘‘the general statement that alkali feldspars in Vzu‘ying proportions range through the
Spanlsh Peaks rocks from one end to the other.”” No minette is mentioned by Hills as occur-
ring in either one of the quadrangles surveyed by him. It is evident that the Spanish Peaks
area is a rich ﬁcld for detailed petrographic work.

DISCUSSION OF RESULTS.

It is clear that the chemical and mineral characters of the Apishapa dike rocks illustrate
some of the most puzzling and important problems of petrology. But while this is true, the
great complex of associated rocks at and about the Spanish Peaks must be thoroughly studied,
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with adequate chemical analyses of many types, before the significance of the facts observcd in”
this small number of rocks can be fully apprecmted

The Apishapa rocks have a considerable range in chemical composition, but very much less
than is exhibited in the great series to which they belong. Those analyzed are all low in silica,
but vary as to their bases from the potash-rich minette to a basalt with soda strongly dominant
over potash. Lime and magnesia are very prominent, and titanic acid appears to be one of
the notable chemical features.

The mafic silicates, augite and olivine, are abundant in nearly all the rock varieties; biotite
is also common and is the leading constituent in the minette, and brown hornblende is strongly
developed in several types. Of the felsic silicates alkali feldspar is characteristic of the greater
number of the rocks and plagioclase is quantitatively important in relatively few.

The modal development of the rocks requires most of them to be classified in the current
system 'as alkali feldspar rocks. The vogesites are soda-rich, and so apparently are the dia-
basic types. Even in some of the basalts alkali feldspar is abnormally developed. The per-
sistence of alkali feldspars is probably the most notable modal feature of the whole series of
intrusive rocks about the Spanish Peaks.

The prominence of the alkali feldspars must undoubtedly lead petrographers accustomed
to refer all igneous rocks to either an alkalic or a calcic series to assign these rocks to the former
category. But even the small group in the Apishapa quadrangle has some basalts with little
alkali feldspar, and it seems altogether probable that the series ranges in fact from alkah-rlch
rocks to those of normal basaltic character—that is, to rocks which are intrinsically equivalent
to typical basalts of the calcic, subalkalic or ‘‘Pacific series.” As has been pointed out in the
preceding pages, there has been some prevalent condition in the Apishapa region which has
brought the alkali feldspars into great prominence and obscured for most rocks their potential
anorthite. It is true of many rocks of the Apishapa quadrangle, and presumably also of the
large series .about the Spanish Peaks, that they are not so strongly alkali-rich rocks as they
seem to be from their mode.

This brings us to the problems of greatest general and theoretical interest presented by
the rocks under discussion. It has been shown that the nearest known chemical analogues of
the vogesrnes and the associated basalt are for the most part rocks of notably different modes.
This is most stnkmg in the case of the olivine-bearing augite vogesite. These rocks emphasize
anew the fact that for magmas of intermediate-chemical composition, containing all the common
bases in considerable quantities, there is a great possible range in the minerals which' may develop
on crystallization. Aside from the evident problems of classification under these circumstances,
there is the more fundamental question as to the genetic significance of the observed relations.
Are these facts capable of interpretation as expressing other definite natural relations, if not a
dependence of mineral upon chemical characters? Are the several mineral combinations possible
from such magmas as those of the Apishapa district due to conditions attending their differenti-
ation In various regions, or are they due to variable conditions of consolidation, or to both %

For the Apishapa rocks the point of most critical interest relates to the conditions that
prevented normative anorthite from entering into plagioclase, as it more commonly does in
rocks of similar chemical composition, and to the place at which these conditions were effective.
In the olivine-bearing augite vogesite 13 per cent of normative anorthite has been taken into
other minerals, most of it going undoubtedly into augite. Such entrance of anorthite molecule

'into augite is common enough, but the conditions under which it takes place are not yet deter-
mined.

Inhis study of the variation in mineral composition of the rocks of Yogo Peak, P1rsson shows
that in a series of rocks ranging from granite porphyry to shonkinite, lime and alumina enter
into augite apparently in proportion as magnesia acquires a molecular dominance over lime in
the magmas. In a shonkinite, with 9.2 per cent MgO and 9.7 per cent CaO, there is but 10 per
cent of plagioclase to 35 per cent of aluminous augite.

1 Pirsson, L. V., chapter on petrography in Geology of the Little Belt Mountains, Montana, by W. H. Weed: U. S. Geol. Survey Twentieth
Ann, Rept., pt. 3, p. 567, 1900,
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Such a control by magnesia does not exist in the Apishapa rocks, for it is in the olivine-
augite vogesite with lowest actual and relative magnesia that the anorthite is entirely sup-
pressed and in the basalt with highest actual and relative contents in magnesia that plagioclase
is most abundant. Nor is it a question of the amount of normative anorthite, for the horn-
blende-augite vogesite, with 16.40 anorthite, has little plagioclase, while the plagioclase basalt
has but 14.18 anorthite, only 1 per ccnt more than appears in the norm of the plagioclase-free
vogesite.

Ignoring the dlsturbmg effect of assimilation of forelgn substances and assuming that the
formation of a series of magmatic differentiates in a given region is a result of certain forces,
known or unknown, characteristic of that region, we must also recognize that in the course of
eruption and crystallization these magmas come under the influence of pressure and temperature
differing from those of the site of deep-seated differentiation, causing more or less pronounced
reactions. When we consider also the possibilities of the absorption by the magma of various
potent substances while passing from one place to another, it seems scarcely overdrawn to say
that a magmatic solution may become the plaything of conditions qulte unrelated to those of
the place of its origin, that these independent conditions may vary in one district from time to
time, and that they surely must vary from one province to another, when magmas of the same
. chemical composition are involved.

.When a large series of eruptions or intrusions of various differentiates has occurred in one
province it is conceivable that the conditions attendant on consolidation, though independent
of those regulating differentiation, may have been so constant as to permit the development
of some highly characteristic mineral features of the rock series. But the fact that conditions
of crystallization may vary in one region during a long series of eruptions and are not the
same, unless by fortuitous coincidcncc, in different regions where the magmas may have been
similar must lead to cautlon in extending over the whole world the generahza,tlons that apply
to one area.






THE COMPOSITION OF CRINOID SKELETONS.
By F. W. CLArRkE and W. C. WHEELER.

INTRODUCTION.

\

That many rocks, now raised far above sea level, were once marine sediments and that liv-
ing organisms contributed to their formation are among the commonplaces of geology. It is
also known that radiolarians, diatoms, and sponges form siliceous deposits; that calcareous
rocks are derived in part from corals and mollusks; and that crustacean and vertebrate remains
are largely phosphatic. These facts are established in a broad, general way, but they need to
be studied in greater detail, so that the function of each class of organisms may be more exactly
known. An investigation of this kind is reported in the following pages. The special problem
covered by it was suggested by Mr. Austin H. Clark, of the United States National Museum, who
furnished the specimens for analysis.

EXISTING CRINOIDS.

In 1906 H. W. Nichols* published a number of analyses of marine invertebrates, and in
one of them, & crinoid; Metacrinus rotundus, from Japan, he found 11.72 per cent of magnesium
carbonate. This analysis attracted Mr. Clark’s attention, and at his request two other analyses

“of crinoids were made in the laboratory of the United States Geological Survey by Chase Palmer,
who dlso found that they contained abundant magnesia. These analyses, which were published
and discussed by Mr. Clark,? will be considered in detail later. They at once suggested that
crinoids generally might be highly magnesian and so play an important part in the formation of
magnesian limestones.

In order to settle this. questlon Mr. Clark supplied us with 22 specimens of recent crinoids,
representing 19 genera and covering a wide range of localities. These were analyzed by Ml.
Wheeler, and the analyses conﬁ1med the original supposition All the specimens contained
magnesium carbonate in notable proportions but varying in a most remarkable manner. The
d&ta, obtained are in detail as follows, beginning with the list of the specimens studied:

1. Ptilocrinus pinnatus (A. H. Clark). Albatross station 3342, off the Queen Charlotte Islands, British Columbia.
Latitude 52° 397 30’/ N., longitude 132° 38/ W. Depth of water, 2,858 meters; temperature, 1. 83° C. Mean of two
analyses.

%’ Florometra asperrima (Clark). Albatross station 3070, off the coast of Washington. Latitude 47° 29/ 30" N,
longitude 125° 43/ W. Depth, 1,145 meters; temperature, 3.28° C. )

3. Psathyrometra fragilis (Clark). Albatross station 5082, Yezo Strait, Japan. Latitude 44° 05’ N., longitude 145°
30/ E. Depth, 540-959 meters; temperature, 1.61° C.

4. Pentametrocrinus japonicus (P. H. Carpenter). Albatross station 5083, 34.5 miles off Omai Saki Light, Japan.
Latitude 34° 04/ 20’/ N., longitude 137° 57/ 30’/ E. Depth, 1,123 meters; temperature, 3.39° C.

5. Capillaster multiradiata (Linné). Albatross station 5137, Philippine Islands near Jolo, 1.8 miles from Jolo Light.
Latitude 6° 04/ 25/ N., longitude 120° 58’ 30/ E. Depth, 36 meters; no temperature record.

6. Pachylometra patula (Carpenter). Albatross station 5036, Philippine Islands, North Balabac Strait, 15.5 miles
from Balabac Light. Latitude 8° 06’ 40’/ N., longitude 117° 18’ 45"/ E. Depth, 104 meters; no temperature record.

7. Catoptometra ophiura (Clark). Same locality as No. 6.

1 Field Columbion Mus. Pub. 111, p. 31. 2. 8. Nat. Mus. Proc., vol. 39, p, 487, 1911.
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8. Hypalocrinus naresianus (Carpenter). Albatross station.5424, Philippine Islands, 3.4 miles off Cagayan Island,
Jolo Sea. Latitude 9° 37/ 05/ N., longitude 121° 12/ 37/ E. Depth, 612 meters; temperature 10.22° C.

9. Parametra granulata (Clark). Albatross station. 5536, Philippine Islands, between Negros and Siquijor, 11.8
miles from Apo Island. Latitude 9° 15’ 45"/ N, longitude 123° 22/ E. Depth, 502 meters; temperature, 11.95° C.

10. Craspedometra anceps (Carpenter). Albatross station 5157, 3.3 miles from Tinakta Island, Tawi Tawi group,
Sulu Archipelago. Latitude 5° 12/ 30’ N, longitude 119° 55’ 50/ E. Depth, 32 meters; no temperature record.

11. Ptilometra miilleri (Clark). Sydney Harbor, New South Wales, Australia. Latitude 33° 15’ 8., longitude
151° 12/ E., approximately. . :

12. Hathrometra dentata (Say). 'Fish Hawk station 1033, off Marthas Vineyard, Mass. Latitude 39° 56’ N., longi-
tude 69° 24/ W. Depth, 329 meters; temperature about 7.8° C.

13. Bythocrinus robustus (Clark). Albatross station 2401, Gulf of Mexico, southeast of Pensacola. Latitude 28°
38730’/ N., longitude 85° 52/ 30/ W. Depth, 255 meters; no temperature record.

14. Crinometra concinng (Clark). Albatross station 2324, north of Cuba. Latitude 23° 10/ 35/ N., longitude
82° 20" 24’/ W.. Depth, 59 meters; temperature, 26.17° C.

) 15. I3ocrinus decorus (Wyville Thomson), stem. Off Habana, Cuba. Latitude 24° N., longitude 82° W., approxi-

mately. - N ‘ : ‘

16. Same as No. 15, arms.

17. Endozocrinus parr« (Gervais), stem. Off Habana.

18. Same as No. 17, arms.

19. Tropiometra picta (Gay). Rio de Janeiro, Brazil. Latitude, 25° 54’ S., longitude, 44° W., approximately.

20. Promachocrinus kerguelensis (Carpenter). Shores of the Antarctic Continent in the vicinity of Gaussberg.
Latitude 67° S., longitude 90° E., approximately. Depth, 350400 meters; temperature, —1.85° C. Salinity of water,
3.3 per cent. ’

21. Anthometra adriani (Bell). Same locality as No. 20. Nos. 20 and 21 were collected by the German South Polar
Expedition.

In the following table the actual analyses are given. The symbol ‘‘R,0,” represents the
sum of ferric oxide and alumina, and ‘‘Loss on ignition”’ covers carbon dioxide, water, and organic
matter, the last being often very high., At thefoot of each column the CO, calculated to satisfy
. the bases is given. The deficiencies in summation are mainly due to inclosed or adherent salt,
an inevitable impurity, as was proved in the analyses of two samples, Nos. 15 and 17.!  Analysis
No. 1 is the mean of two concordant analyses of separate samples.

Analyses of crinoids.

1 2 3 4 5 6 7 8 9 10 s 11
0.04 1.11 0.37 0.16 0.12 0.04 0.07 0.40 0.15 0.17
.39 1.01 .7 .62 .63 79 .09 .50 .19 .19
3.60 3.12 3.76 4771 4.94 4.64 4. 44 4.48 5.13 4.17
40.37 34.20 38.50 38.12 41.34 40.75 45.86 41.79 42.77 38.91
.21 | Trace? .40 Trace. .43 .33 Trace. Trace. W11 .17
53.75 60. 04 55. 2-’5 54. 61 51.36 51. 80 48.32 51.44 50.28 54,61
98.36 99. 48 98.99 98. 28 98.82 98.35 98.78 98. 61 - 98.63 98. 22
35.48 31.37 34.01 35.19 37.51 36.81 41.27 37.77 39.17 |  34.90

12 13 14 15 16 .17 18 19 20 21
3.17 0.40 0.04 0.03 0.09 0.04 0.15 0.02 0.02 0.23
.31 .31 - .25 .07 .19 .20 .26 .35 .45 .37
2.49 4.56 4.75 5.08 4.70 5.09 5.04 4.51 3.02 3.27
26.12 47.08 41.78 45.67 42.77 45.42 43.41 39.57 40.68 42.49
.23 Trace. Trace. Trace. | Trace? Trace. Trace. .10 Trace. Trace.
65.25 47.17 50.33 47.54 50.59 | ~ 48.58 | = 50.00 53.64 54.53 52.22
97.57 99.52 97.15 98.39 98.34 99.33 98. 86 98.19 98.70 98. 58
22.73 | 4193 38.00 40.40 38.71 41.29 39.65 36.05 35.18 37.08

In order to make these analyses more instructive it is necessary to recalculate them into
such form as to show the composition of the true crinoid skeleton—that is, to eliminate the
highly variable organic matter of the original specimens. On doing this and recalculating to -
100 per cent, we find that they assume the following form: ’ '

1 No. 15 contains 1.27 per cent of water-soluble salts and No. 17 contains 0.21 per cent. These raise the summations to 99.66 and 99.54 per cent,
respectively. R
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Revised analyses of crinoids.

! 1 2 3 4 5 6 7 8 9 10 11
2.01 ‘ 0.05 1.57 0.48 0.21 0.14 0.05 0.08 0.47 | - 0.2¢4 | . 0.21
1.31 .48 1.41 .91 .78 .74 .95 .10 .59 .22 .24
7.91 9. 44 9.25 10.15 12.69 12.20 11.68 10.16 11.08 12.34 11.13
88.48 89.45 87.77 87.34 86. 32 85.81 86. 46 89. 66 87.86 86. 93 87.04
.29~ .58 Mrace? 1.12 | Trace. 1.11 .86 | Trace. Trace. .27 .48
100. 00 100. 00 100.00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100.00

12 13 14 15 16 17 18 19 20 21
5.73 0.42 0.05 0.03 0.10 0.04 0.17 0.02 0.02 0.28
.56 .33 .30 .08 .21 .2 .29 .43 .57 .44
.. .. 9.36 10.09 11.69 11.69 11. 42 11.62 11.96 11.77 7.86 8.23
. .. 83.47 89.16 87.96 88.20 88.27 88.13 87.58 87.51 91.55 91.05
.88 | Trace. Trace. Trace. | Trace? | Trace. Trace. .27 Trace. Trace..

100. 00 100. 00 100. 00 100. 00 100. 00 100.00 100.00 100.00 100.00 100.00

With these analyses the two made by Mr. Palmer -may-be advantageously compared,
although they were not quite so elaborate. The data are as follows:

922. Heliometra glacialis var. mazima. Iwanai Bay, northeastern part of the Sea of Japan, latitude 43° 01/ 407/ N.
Depth, 315 meters; temperature, surface 20.5° C., bottom 1.5° C. )

23. Metacrinus rotundus. Eastern Sea, off Kagoshima Gulf, southern Japan, latitude 30° 58 30”7 N. Depth,
278 meters; temperature, surface 27.8° C., bottom 13.3° C,

In No. 22, which contained much organic matter, Mr. Palmer found 2.68 per cent MgO
(=5.61 MgCO,) and 40.03 CaO (=71.48 CaCO,). In No. 23, with no organic matter, he found
4.89 MgO (=10.29 MgCO,) and 49.95 CaO (=89.19 CaCO,). Assuming that the crinoid skele-
tons consist essentially of carbonates, and recalculating to 100 per cent, we have as the content
of magnesium carbonate in these crinoids—

No. 22, 7.28 per cent.

No. 23, 10.34 per cent. :
These figures fit in well with the others and even by themselves suggest a relation between
temperature and the magnesia content of crinoids. In the following table the entire series is
arranged in the order of ascending MgCO,, with the accessory data as to latitude and locality
conveniently abbreviated. In this table the two analyses of Endoxocrinus are averaged together,
and so also are the two of Isocrinus.

Magnesium carbonate in crinoid skeletons.

No. ‘ Locality. Latitude. (IE:&&E). gﬁlen oeé?;' ];fégg':t
22 | Northern Japan. . ... .. i i 43°N_........ 315 L5 7.28
20 | Antarctic. .... L e a e et 67°S........... 375 —1.8 7.86
1 | British Columbia........................ et 52939/ N....... - 2,858 1.8 7.91
21 | Antarctic. ... . ... e 67° 8. ... 375 -1.8 8.23
3 | NorthernJapan. . ... ... . ... .. {44°N...L. (7 1.6 9.25
12 | Massachusetts. ... ... .. .o L il 39°56’ N....... 329 7.8 9.36
2| Washington.......ooo oo 47°29’ N._...... 1,145 3.3 9.44
13 | Gulf of Mexico................... e 28938/ N....... 255 ? 10. 09
4 1 Southern Japan. . ... .. . ..l 34°N......... 1,123 3.4 10.15
8 | Philippines. ..........oooiiilL R, e 9°87/ N........ 612 10.2 10.16
23 | Southern Japan. . ... .. .. i 30°58 N....... 278 13.3 10. 34
9 | Philippines 502 12 11.08
1L | Australia......... ? ? 11. 13
15,16 | Cuba............ [ §?§ ? 11. 56
7 | Philippines 104 ? 11. 68
14 | QUDA. « et 59 26. 2 11. 69
19 [ Braziloo. oo ? ?) 11.77
17,08 | Cuba. oo ? ? 11.79
Philippines 104 ?; 12.20
10..... 0 ettt 32 ?) . 12. 34
51..... o 36 ? 12. 69
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From the foregoing table it is perfectly clear that the proportion of magnesium carbonate
in crinoids is in some way dependent on temperature. /Temperature, however, is not entirely
dependent on latitude. Depth of water has also a distinct influence. The crinoids from rela-
tively shallow depths in the Tropics are highest in “their magnesmn content; those from the
Antarctic and the far north are lowest. The proportion given for No. 12, from the coast of
Massachusetts, is probably too low, for the specimen as analyzed contained over 6 per cent of
silica and sesquioxides—evident impurities, due to adherent mud from which the delicate struc-
ture could not be wholly freed. If these are rejected, the MgCO, is raised from 9.36 to 10 per
cent, which gives the crinoid a better and more probable rating.

So far as we are aware such a peeuliar relation between temperature and composition as
is here recorded has not been previously observed. To recognize it is one thing; to account
for it is not so easy. At first we supposed that it might possibly be due to a difference in the
form of the more abundant carbonate—the less stable aragonite in the warm-water forms and
calcite in the crinoids from colder regions. But tests by Meigen’s reaction proved that the
organisms were all calcitic, and so this supposition had to be abandoned.

Mr. A. H. Clark, who is an authority on the crinoids, has stated to us that they are excep-
tionally we'l suited to a study of the kind recorded here, ‘‘for the skeleton is always entirely
internal and rrotected from the surrounding water by living tissue; so that whatever altera-
tion it may undergo after its original deposition can not be influenced by the water in which
it lives.” He has also pointed out that the crinoids from warm regions have the most com-
pact skeletons; the compactness being in general proportional to the temperature and also to
some extent dependent upon the size of the individual. Heliometra, for example is the largest
of the crinoids, its skeleton is one of the least compact, and its magnesian content is lowest
among all the species examined. - Structure as well as temperature seems to be correlated with
the proportion of magnesia in the crinoids, but the chemical explanation of the facts is yet to
be found. :

Only one other group of marine organisms, so far as is now definitely known, is con-
spicuous for its relative richness in magnesium carbonate, namely, the calcareous alge, as
shown in an investigation by Hégbom.! In 11 analyses of alge belonging to the genus Litho-
thamnium he found magnesium carbonate in proportions varying from 3.76 to 13.19 per cent.
No temperature relation, however, appeared in his series of analyses. The highest figure was
obtained in a specimen from the Arctic Ocean, the next highest in one from Bermuda, and the
lowest in one from the Java Sea. Three analyses of fossil alge gave even lower magnesia than

" was found in the living forms. The average proportion was near that found among the crinoids.
It is highly desirable that both groups of organisms should be studied more completely and
with every precaution against error. Crinoids from European, especially Mediterranean waters,
from the coasts of Afuca and South America, and from the Indian Ocean might be analyzed
to much advantage. One caution, however, is needed: only alcoholic material should be used.
Specimens preserved in formalin, which tends to become acid, are of doubtful value in a research’
of this kind. All the crinoids studied in the present investigation had been preserved in
alcohol.

FOSSIL CRINOIDS.

In order to make this investigation more systematic it seemed desirable to analyze a
number of fossil crinoids, so as to determine whether any definite and regular changes could
be traced in passing from the recent to the ancient organisms. For the material studied we
are indebted to the kindness of Mr. Frank Springer, who selected the material with great care
s0 as to cover a range of horizons from the Lower Ordovician up to the Eocene. The 10 crinoids
chosen are described in the list on page 37, and the analyses which follow were made in the
same way as those of the modern species.

.1 Neues Jahrb., 1894, vol 1, p. 262.
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1. Pentacrinus decadactylus (D’Orbigny), stem. Eocene, Vincenza, Italy.

2. Millericrinus mespiliformis (Goldfuss), stem. Upper Jurassic, Kelheim, Bavaria.

3. Pentacrinus basaltiformis (Miller), stem. Middle Lias (Lower Jurassic), Breitenbach, Wurttemberg, Germany.

4. Encrinus liligformis (Lamarck), stem. Triassic, Braunschweig, Germany.

5. Graphiocrinus magnificus (Miller and Gurley), complete crown. Pennsylvanian (upper Carboniferous), Kansas
.City, Mo.

6. Dorycrinus unicornis (Owen and Shumard), calyx and stem. Lower part of Burlington limestone, Mississippian
(lower Carboniferous), Burlington, Iowa.

7. Megistocrinus nodosus (Barris), plates. Middle Devonian, Alpena, Mich.

8. Bucalyptocrinus crassus, plates. Silurian, western Tennessee.

9. Crinoid sp.?, stem. Trenton limestone, Middle Ordovician, Kirkfield, Canada.

10. Diabolocrinus vesperalis®(White), plates and stem. Lower Ordovician, Tennessee.

i

Analyses of fossil crinoids.

1 2 3 4 5 6 7 8 9 13
]
] L0 0.99 2.84 1.55 0.24 3.07 6.92 10.39 29.11 2.56 4.7
R0 veeietanreii et 2.064 .28 2.59 .43 2.18 .64 .87 1.73 .31 1.95
¥eO. 1.36 None. |.......... None. 1.32 None. 1.19 .27 None. .88
MnO .13 None. |.......... Trace. .15 Trace. *.16 .04 | Trace. |. .04
MgO .78 .38 .84 9.44 .78 .38 1.21 .58 .91 .79
Ca0 51.22 53.68 51,78 43.40 50.10 51.20 46.57 37.43 53.87 50.42
1a0s.. ...| None. Trace. .09 Trace. Trace. Trace. Trace. None. Trace. Trace.
Lossonignition..... ...l 42.80 42.93 43.21 45.95 41.71 41.00 39.20 30.71 42.45 41.53
99.92 100.11 100. 06 99.46 99.32 100.14 99. 59 99.87 100.10 99.68

Revised analyses of fossil crinoids.

1 2 3 4 5 6 7 8 9 10
2.85 1.57 0.24 3.11 6.94 10.48 29.30 2.55 4.10
.28 2.64 .44 2.22 .64 .88 1.74 .30 1.97
None. |.......... None. 2.16 None. 1.94 .43 None. 1.42
None. |.......... Trace. .24 | Trace. .20 .06 | Trace. .06
.80 1.79 20.23 1.66 .80 2. 56 1.23 1.90 1.67
96.07 93.80 79.09 90. 61 91.62 83.88 67.24 95.25 90.78
Trace. .20 Trace. Trace. Trace. Trace. None. | Trace. Trace.

100. 00 100.00 100.00 100. 00 100. 00 100. 00 100.00 100. 00 100.00

In some respects these analyses are unsatisfactory, for they show no regularities of any
kind. In only one of them, No. 4, is there exhibited a concentration of magnesium carbonate;
in the others the percentage of this constituent is very low. The reason for this falling off of
magnesia is by no means clear. It is conceivable that the ancient crinoids may have been
deficient in magnesia, but it is more probable that the loss is due to alteration, perhaps to the
infiltration of calcium carbonate. Such a change would obviously lower the apparent pro-
portion of magnesium carbonate. Several of the crinoids contain noteworthy quantities of
ferrous carbonate and manganese—constituents which did not appear in the analyses of the
modern species. In No. 8 there is a very strong silicification, 29.11 per cent; but the matrix
of the specimen contained only 7.55 per cent of silica. Here again the infiltration of the impurity
seems to be very clear. Some of the deficiencies in magnesia may have been caused by solution
and leaching, but calcium carbonate should then have been removed to a greater extent. In
short, the fossil crinoids differ widely in composition from the still living species, and in a very
irregular manner, and it is worth noting that in three analyses of fossil alge reported by Hégbom *
a similar falling off of magnesia appears. It would be easy to speculate on the significance
of these differences, but the conclusions so reached would not be entitled to much weight. That
the recent crinoids are distinctly magnesian and that the proportion of magnesia is dependent
in some way on temperature are the two positive results of this investigation.

1 Loc. cit.






CONTRIBUTIONS TO THE STRATIGRAPHY OF SOUTHWESTERN
COLORADO.

By WarrMan Cross and EspEr S. LARSEN.!

" INTRODUCTION.

In the course of field work of the United States Geological Survey in the San Juan region
of Colorado observations have been made in the last three seasons that considerably extend our
knowledge of the great stratigraphic break below the La Plata sandstone, which is currently
assumed to be of Jurassic age. The new data pertain partly to the relations existing in the
Gunnison Valley, north of the San Juan Mountains, where the’ unconforlmty marking this break
was already known at certain places, and partly to the conditions in the Piedra Valley, on the
south side of the mountains, where the unconformity had not before been noted. The Piedra
Valley is of special interest, and it seems well to call attention to the relations observed even
though they were examined only in a reconnaissance. The first part of this paper is devoted
to the evidence of the overlap of the La Plata sandstone; the second to the stratigraphic relations
in the Piedra Valley.

The section of sedimentary formations in Piedra Canyon is of much interest because none
of the pre-La Plata formations are known east of this locality on the south side of the San Juan
Mountains. Most of these formations exhibit a notably different facies where they reappear
from beneath the overlying beds at their nearest exposures in New Mexico, southeast of the
Piedra Valley. It is believed that the character of the formations in the Piedra section should
be recorded for the benefit of geologists who may be studying the Paleozoic and Mesozoic rocks
of New Mexico, and accordingly the second part of the paper presents details of the structure
and the stratigraphic section of Piedra Valley.

THE STRATIGRAPHIC BREAK BELOW THE LA PLATA SANDSTONE.

GENERAL RESULTS OF THE HAYDEN SURVEY'.

The Hayden Geological Survey established the existence of great stratigraphic breaks in
the central and western mountain regions of Colorado below both Triassic and Jurassic forma-
tions, and a corresponding overlap is also represented on the Hayden map of western Colorado
as occurring at the base of the Dakota Cretaceous. The map represents this break as being
particularly prominent along the Gunnison Canyon, between the town of Gunnison and Vernal
Mesa. The shales of Colorado age, belonging to the formation now distinguished in western
Colorado as the Mancos shale, are also represented as overlying the pxe-Ca,mbrlan rocks east of
Gunnison, on both sides of Tomichi Creek, and as abutting against the gneisses and schists of
Vernal Mesa in primary contact.

The overlap of the Cretaceous formations upon the pre-Cambrian in this region, as shown on
the Hayden map, is in accord with the view expressed by A. C. Peale,’ that “The Archean
area along the northern edge of the San Juan Mountains and south of the Gunnison River
probably founcd a shore line in Cretaceous times.”

F. M. Endlich was the geologist who visited the area within which the ‘“Colorado’ shales
are represented by the Hayden map as lying on granite, in the valley of Tomichi Creek, for a
distance of about 15 miles above Gunnison. As we shall explain more fully later on, he found
other sediments beneath the shales of this area, which are not shown on the map.

1 Tho authors wish to acknowledge the eflicient assistance of J. Fred Hunter in the field work on which this paper is based.
23U\ 8. Geol. and Geog. Survey Terr. Ann. Rept. for 1873, p. 69, 1877.
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The contact of Cretaceous shales and pre-Cambrian rocks on Vernal Mesa, thought by
Peale ! to be of primary origin, is now known to be a fault contact in a zone of complex folding
and fracturing, the details of Whlch have been shown by the tunnel of the Uncompahgre irrigation
project. THE OVERLAP IN THE GUNNISON VALLEY.

The assumed overlap of the Dakota sandstone in the Gunnison Valley is unquesmonably
explained by the fact that Peale and other Hayden Survey geologists included in the Dakota
several hundred feet of beds that belong in the Gunnison formation (Jurassic?) of Eldridge,
embracing equivalents of the McElmo and La Plata formations of the San Juan region, a fact
clearly shown by Peale’s section of the assumed Dakota occurring in Gunnison Canyon about a
mile above Sapinero.? This section embraces 536 feet of strata, which are described as pre-
dominantly sandstone, with some shaly beds and thin limestones. The upper member of
Peale’s section, 100 feet thick and described as ‘“massive yellow siliceous sandstone,” is all that,
in our opinion, belongs in the Dakota. In mapping the Uncompahgre quadrangle we have
examined this and many other sections of the Gunnison Canyon, and we assign to the Dakota a
thickness of about 100 feet. It has the character common to it over large areas of western
Colorado, which have been examined by several parties of the Geological Survey in recent years.
A thin remnant of Mancos shale in some places lies between the Dakota and overlymg volcanic
rocks.

The beds beneath the Dakota sandstone in the Gunnison Valley are largely sandy, as
Peale has stated, but shaly beds of red, lilac, green, or yellowish colors are in many places well
developed between the sandstones. At its base the sandstone is thicker and more massive,
and this portion undoubtedly corresponds to the La Plata sandstone, as distinguished in the
San Juan Mountains area and the adjacent portions of the plateau country to the west. The
La Plata is also well developed in the Uncompahgre Plateau and the Uncompahgre Valley.

In the wild lower canyon of the Gunnison, between Cimarron Creek and Smiths Fork, the
Hayden map represents a thin Jurassic formation as appearing between the Dakota sandstone
and the gneisses and schists, but farther down the canyon a thin Triassic formation appears in
similar manner between the Jurassic and the crystalline rocks. This makes the section of the
lower Gunnison Canyon correspénd with that of the eastern flanks of the Uncompahgre Plateau,
30 miles to the west. But though Peale® refers to his Jurassic formation as appearing beneath
the Dakota at a certain point and thickening toward the north, he was unable to examine the
section in detail, and it seems reasonable to assume that if these beds are Jurassic they belong
in the Gunnison formation with the greater part of the section above them, included by Peale
in the Dakota. They may illustrate the progressive overlap of succeeding beds of the Gunnison
on an uneven floor of crystalline rocks.

The age of the supposed Triassic rocks of the lower Gunnison Canyon bas not been deter-
mined by fossils or by close lithologic correlation with known Triassic rocks of similar position
in the Uncompahgre Plateau, and it must be remembered that Eldridge found that the Gun-
nison formation in the southern Elk Mountains (=La Plata+ McElmo) rests unconformably
on red strata of the Maroon conglomerate (Carboniferous),* and in the Uncompahgre Valley
below Ouray both Triassic and Permian (?) beds occur between the La Plata and the Car-
boniferous.®

Coming now to new data bearing on the character of the great overlap shown in the
Gunnison Valley, we may say that our observations during the last few years have demon- -
strated the presence of the Gunnison formation between the Dakota and the pre-Cambrian all
along the Gunnison Canyon and also in the valley of Cebolla Creek, the southern tributary of
the Gunnison called ‘“White Earth River’” on the Hayden map. During the survey of the
Uncompahgre quadrangle in 1911 it was found that the lower member of that formation, now

1T. 8. Geol. and Geog. Survey Terr. Ann. Rept. for 1874, p. 132 and Pl. VII; fig. 2, facing p. 97, 1876.

2U. 8. Geol. and Geog. Survey Terr. Ann. Rept. for 1874, p. 131, 1876. The section is referred to as ‘“beneath station 73°’; the location is
shown on the map facing p. 170 and the profile in fig. 1, P1. XIV, facing p. 169. '

37T. S. Geol. and Geog. Survey Terr. Ann. Rept. for 1874, p. 126, 1876.

4U. 8. Geol. Survey Geol. Atlas, Anthracite-Crested Butte folio (No. 9), 1894.

6 Idem, Ouray folio (No. 153), 1907.
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called the La Plata sandstone, extends for 16 miles up the ridge east of the Cebolla, overlying
& variety of pre-Cambrian rocks. In some places the McElmo beds are preserved above it;
in a few others there are also remnants of the Dakota sandstone. Tertiary volcanic rocks overlie
all these sediments.

Cast of Cebolla Creek the Gunnison beds probably extend continuously underneath the
volca.mc rocks to the valley of Cochetopa Creek. They are exposed north of Agency Peak and
on the ridge west of the Cochetopa, where the Hayden map represents the volcanic rocks.
About 12 miles south of Tomichi Creek the Gunnison beds cross the Cochetopa and pass under
the Dakota sandstone on its eastern bank, in the area where the Hayden map represents Colorado
shales as resting on granite. . The shales occur in this region but are restricted to the higher
country several miles south of the Tomichi.

In Razor Creek valley, next east of the Cochetopa, nearly 1,000 feet of Mancos shale is
locally preserved beneath the volcanic rocks. In an eastern branch of that stream not shown
on the Hayden map a fault brings up the Dakota, the Gunnison, and the underlying granite in
a small area nearly surrounded by volcanic rocks.

In the extreme eastern part of this sedimentary area, which is traversed by Tomichi Creek,
the Dakota and Gunnison formations are everywhere present beneath the Mancos shale.
Moreover, these formations occupy a somewhat larger area than is assigned to-them on the
Hayden map, especially on the north and east. The hills and smooth-sloped ridges near the
Tomichi are in most places formed of the soft McElmo strata, though rhyolitic tuff occurs
in certain hills. The Dakota maintains its usual character and thickness, and from its supe-
rior induration it is everywhere the most prominent of these formations. On the northwest
slope of Tomichi Dome it has a measured thickness of 80 feet.

Near Tomichi Creek some low cliffs, which appear at about the horizon where the Dakota
might be expected, are of rhyolite. The volcanic rocks rest on a very uneven surface and are
not readily recognizable at a distance. Moreover, the sediments are gently folded, and this
adds to the difficulty of tr acmg formation boundaries in reconnaissance work.

The Gunnison formation is rarely well exposed. The lower sandstones, which in the
western part of the area are so prominent as to suggest a correlation with the La Plata sand-
stone, are thin or entirely absent in the eastern part. The formation here exceeds 200 feet
in thickness in but few places. Northwest of Tomichi Dome its thickness was found to be 150
to 175 feet. It consists chiefly of reddish and greenish shales, sandstone being very subordinate.

The decided thinning of the Gunnison formation eastward suggests that it may not have
been everywhere present beneath the Dakota in the central mountain region of Colorado. The
change in lithologic character here noted indicates that this thinning was due to nondeposition
of the normal section in the area under discussion and not to unconformity caused by erosion.

As to the structure exhibited by the Mesozoic formations in the basin of Tomichi Creek it
is sufficient to say that for about 20 miles east of Gunnison the creek flows in a syncline, the
strata dipping at high angles toward it from the north and south. But the limitation of the
formations on the east is due to a steep upturning of the beds. The Dakota and Gunnison
beds assume westerly dips of 80° or more and are In some places overturned. On the north
side of Tomichi Creek the gradual change from a low southerly dip can be observed in the area
northeast of Tomichi Dome, but on the south side of the creek the lower beds hold their steep
dips until they disappear beneath the volcanic rocks.

In regard to the Paleozoic sediments, the representation on the Hayden map of Tomichi
Dome as ‘‘Lower Carboniferous’’ is incorrect, for the dome is made up of a plug of rhyolite, about
a mile across, intruding Mancos shale. Moreover, Paleozoic sediments, not shown on the
Hayden map, form most of the basin of Indian Creek, the fork of Marshall Creek which enters’
from the north about 4 miles southeast of the town of Sargents. The Paleozoic beds are thus
known within 5 miles of Marshall Pass. About 600 feet of these beds are exposed over the pre-
Cambrian in this area, and the section is similar to that of Fossil Ridge, where the Carbon-
iferous is represented on the Hayden map. The beds dip about 20° S. and on the east, west,
and south are overlain by volcanic rocks, while on the nor th they overlie the pre-Cambrmn
rocks.
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The error of the Hayden map in representing Colorado shales on pre-Cambrian east of
Cochetopa Creek is perhaps entirely cartographic. It is certainly not entlrely due to incorrect
observation, for the map does not agree with Endlich’s statements concerning the distribution
of the Cretaceous formations in' Cochetopa and Tomichi valleys, nor with hls profile sections
through this region.!- He repeatedly refers to quartzites under the shales as probably “Lower
Cretaceous,” but they were omitted from the map prepared some years later. The name
Dakota does not appear to have been applied to these sandstones at the time of Endlich’s report.

SAN JUAN MOUNTAINS AREA.

The representation of the Hayden map by which Triassic, Jurassic, and Dakota Cretaceous
beds are shown to overlap and in turn come in contact with the pre-Cambrian in canyon branches
of Cimarron Creek, north of Uncompahgre Peak, is wholly hypothetical. There are no such
exposures in these canyons, for the volcanic rocks descend to the streams. Yet an overlap of
this general character for the La Plata sandstone must exist beneath the volcanic rocks between
the Gunnison Canyon at the mouth of Blue Creek and the Uncompahgre Valley below Ouray.
Endlich, who was responsible for this part of the Hayden map, understood the nature of
the overlap existing beneath the volcanic
rocks, but drew on his imagination for the
exposures to express it. In the Ouray
quadrangle the La Plata is found on the
Dolores (Triassic) formation, and beneath
the Dolores is the complete known sedi-
mentary section of the San Juan region
from the Cutler formation (Permian?) to
the Ignacio quartzite (Cambrian). The
beginning of the ovérlap is near the Uncom-
pahgre, however, for.on Cow Creek, one of
its eastern tributaries, the La Plata rests
with angular unconformity on Cutler beds,
the Dolores and an unknown amount of the
Cutler being missing.

The sedimentary sections of the San
e IpMiles Juan Mountains district from the Uncom-
FIGURE 2.—Drainage map of a part of the Piedra Valley, Colo. pahgl‘e Valley, on the north around the

western slopes and eastward on the south-
ern side as far as Pine River agree in showing the La Plata sandstone resting on the Triassic red
beds' (Dolores formation), the full Paleozoic sequence of the region occurring in most places.
The details of these relations are described in the Ouray, Telluride, Rico, La Plata, and Engineer
Mountain folios of the United States Geological Survey. At many localities, however, the
sandstone of the Dolores formation beneath the La Plata has been much eroded causing local
unconformities.

As stated in the Engineer Mountain and Needle Mountains folios, the great overlaps shown
on the Hayden map in the Animas Valley and east of it are not to be found as represented.
Our recent work has shown, however, that about 25 miles east of the Animas, on the west side
of Wiminuche Creek, both faulting and eatlier overlap are plainly exhibited nearly on the
northeast-southwest line where the Hayden map represents ‘‘Upper Dakota’ beds in original
contact with ‘‘Metamorphic granite.” In the small portion of this area that lies in the San
Cristobal quadrangle, north of 37° 30/, the fault mentioned brings Dolores (Triassic), La Plata
(Jurassic), and McElmo (Jurassic?) beds successively into vertical or steeply inclined position
against pre-Cambrian rocks on the northwest. A coarse granite is the chief of these older
formations, but gneiss and Algonkian quartzite also appear in Wiminuche Valley near the point

where the fault disappears under the later volcanics. The relations of Wiminuche Creek, Pledra
Canyon, and other localities mentioned are shown in figure 2.

O
o

‘

1U. S. Geol. and Geog. Survey Terr. Ann. Rept. for 1873, Pl. X1V, pp. 341-342, 1874.
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TFarther southwest this fault is lost under glacial drift and a thick forest cover, but on the
east and southeast slopes of Graham Peak, a granite mountain near by, which is unnamed on
the Hayden map but assigned an elevation of 12,836 feet, small remnants of quartzite and
greenish shales rest on the granite northwest of the fault line. These beds dip gently to the
southeast. Their character suggested to us that they belong to the La Plata and McElmo
formations, and the exposures of the Piedra Canyon, to be described, practically prove this
correlation to be correct. The fault probably passes into a -fold w1l:h1n the area shown in
figure 2, but time was not available for an examination of the district where this change pre-
sumably occurs, nor were we able to examine the country southwest of Graham Peak, where the
overlap of the La Plata sandstone over the whole section of older sedimentary formations must
apparently occur within a few miles.

The Hayden map is also incorrect in its representation of the geology of Pledra Canyon
and lower Wiminuche V. alley and of the slope between Piedra River and the granite divide
to the northwest, which is colored as entirely occupied by the ‘‘Upper Dakota.”” Endlich,
who mapped this district, usually applied this term to the strata still called thwe Dakota sand-
stone, and at most a few hundred feet of lower beds. In the area referred to, however, the
va].leys and canyons on the dip slope have a depth of more than 1,000 feet, and as the true
Dakota is less than 200 feet thick in this region lower formations are naturally exposed. Tt
is in the canyon sections that the overlap to be described is so clearly exhibited.

A traverse down Wiminuche Creek to Piedra River and down the canyon of the Piedra
for 6 miles to the mouth of the second large tributary from the northwest, called ‘‘First Fork,”
revealed a most interesting structural and stratigraphic complexity, which is described in some
detail on pages 44-46 of this paper.. Within a few miles the river cuts across a monocline
and two anticlinal uplifts, exposing three areas of pre-Cambrian rocks, which .are ‘overlain by
somewhat different sections of the Paleozoic and Triassic formations, and these in turn are
covered in marked unconformity by the La Plata sandstone. Above this come the McElmo
and Dakota formations, the Dakota forming the rim rock of a warped and dissected plateau.

The northeastern of these eroded uplifts reveals the La Plata resting on granite or AJgon-
kian schist; the middle one exposes the same pre—Cambrmn formations but shows a varying
Paleozoic section between them and the La Plata; the southwestern uplift was seen only from
a distance, but it also appears. to have a pre-Cambrian core in the rugged ¢anyon below First
Fork, and Paleozoic formations must be present, though perhaps in an incomplete section.

RESUME.

From the evidence here presented it appears that the-overlap of the Gunnison formation
on the pre-Cambrian rocks extends at least 50 miles farther up the valleys of the Gunnison
and Tomichi than was repr esented for the Jurassic beds on the Hayden map. It takes the place
of the assumed transgressions of the Dakota sandstone and “Colorado” shale. Eldridge has,
shown that the Gunnison extends northward through the Elk Mountains in marked uncon-
formity with the Paleozoic formations.! The relations in the Piedra Valley suggest that the
La Plata sandstone overlapped earlier sediments and came into contact with the pre-Cambrian
rocks along a general north and south line, crossing the San Juan Mountains area. Piedra
Canyon is about 75 miles south of Gunnison River, and it seems not unlikely that the area of
the La Plata overldap extended eastward through the present mountain district to the San Luis
Valley. ‘The suggestion has heen entertained that the strata known as the Gunnison forma-
tion on the western slope and the Morrison formation on the eastern slope were once continuous
deposits, having been connected across the area of the Sawatch Mountains and perhaps also
across the areas of the Sangre de Cristo, the Arkansas Valley, and the district south of South
Park. Although it is difficult to outline land areas in central and southern Colorado where
the Morrison or Gunnison beds were not deposited, or to prove that there were any such areas,
the thinning of the Gunnison formation eastward, as described on page 41, indicates that the
two formations may never have been continuous.

lDldndge, G. H., U. 8. Geol. Survey Geol. Atlas, Anthracite-Crested Butte folio (No 9), 1894.
37183°—15
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It is the current practice of the Geological Survey to refer the La Plata sandstone to the
Jurassic because strata believed to be its equivalent occur in Utah beneath marine Jurassic beds.
This reference does not require the assignment of the McElmo and Morrison formations to the
Jurassic. It seems, however, to.indicate that sedimentation may have continued in Colorado,
with no counsiderable interruption, from Jurassic through Lower Cretaceous time.

STRATIGRAPHIC RELATIONS IN THE PIEDRA VALLEY.
STRUCTURE OF THE UPPER MESOZOIC FORMATIONS.

The Mesozoic formations exposed in the lowlands adjacent to the San Juan Mountains, in
the area traversed by San Juan and Piedra rivers, exhibit many gentle folds and minor faults
which can be grouped in no definite systems. These structural features are brought out by the
Dakota sandstone in characteristic ledge outcrops on steep slopes and along the walls -of small
canyons, or by undulations where it serves as the sustaining floor of many nearly level stretches
between streams near the mountains. Such rolls and small faults are especially ‘well shown
near Pagosa Springs, where several small streams have cut through a thin mantle of Mancos
shale and revealed the underlying Dakota.

The-McElmo and La Plata formations must take part in these minor structures, but erosion
has not revealed them, so far as known, in the valleys east of the Piedra. The structure shown
immediately adjacent to Piedra Canyon is rudely expressed in figure 3. It will be noted that
the La Plata, and with it the overlying beds, has been warped by three low folds. The one best
shown in the figure lies between Sand Creek and First Fork. The fold southwest of First Fork

is probably still more striking, for it is plain-that the La Plata, McElmo, and Dakota formations
must all disappear beneath the Piedra, by southwesterly dips or faulting, within 4 or 5 miles«of
First Fork. These low folds of the La Plata are located, at least in a general way, above more
pronounced folds of pre-Jurassic formations, to be descnbed under the next heading.

The structure of the underlying beds probably had much to do with the location of the later
minor folds of the La Plata along the Piedra, for many small faults in younger formations in the
San Juan region represent renewed movement on fault planes along which older formations have
been more extenswely dislocated at some much earlier period. It seems reasonable to suppose
that the same is true of the folds, and the-gentle flexures of the Piedra appear to be the results of
such repeated movement, but further study is ‘necessary to ascertain definitely the relations of
the folds in this region.

Mention has been made (p. 42) of a major fold-fault of southwest-northeast trend that
crosses, the Wiminuche north of the area shown in figure 2. Whether this movement was syn-
chronous with the minor flexures here referred to is not known.

THE UNCONFORMITY BELOW THE LA PLATA SANDSTONE.

The character of the unconformlty may be more clearly brought out by describing in some-
"what greater detail the relations so well exhibited in the Piedra Valley and its branches below
the mouth of Wiminuche Creek. The Piedra itself first cuts through the La Plata sandstone
about a mile above the mouth of that creek. The La Plata there dips very slightly to the south-
east and rests on steeply .upturned shales, schists, and thin quartzites of the Uncompahgre
(Algonkian) formation. These relations are brought out by the view given in Plate VIII. The
schists are much decomposed and their appearance indicates that they had long been subjected
to weathering before the deposition of the La Plata.

In the angle between Piedra and Wiminuche Creek-the base of the La Plata hes about 200
feet above the junction of the streams. It runs up the Wiminuche with nearly regular position,
crossing it at about a quarter of a mile above Little Sand Creek, and in this distance it crosses
an ill-exposed contact between the Uncompahgre strata and a great intrusive mass of coarsely
porphyritic granite, regarded as a part of the Eolus granite, which occupies a large area in the
Needle Mountains. There may be a fault contact at this point.



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 90 PLATE VIl

LA PLATA SANDSTONE ON SCHIST OF UNCOMPAHGRE FORMATION ON NORTH BANK OF
PIEDRA RIVER, COLO.
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Below Wiminuche Creek the base of the La Plata descends gradually, with very gentle
undulations, keeping from 100 to 200 feet above the river, to the point of the ridge east of
Sand Creek. The Uncompahgre beds underlie the La Plata in the Piedra Canyon with a general
northwestern dip of 43°-45°, to a point about a mile below the mouth of Wiminuche Creek, where
they disappear beneath the lower Paleozoic formations, which dip about 11° SW. These beds
belong to the northeastern Limb of a shallow syncline, the opposite side of which rises more
stcoply beyond Sand Creek.

Owing to this older structure the La Plata overlaps discordantly the formations from the
Elbert? (Devonian ¢) to the Hermosa (Pennsylvanian), and at the point of the ridge east of Sand
Creek it lies on Hermosa beds several hundred feet above the base of the formation, with an
angular unconformity rudely illustrated by figure 3.

Sand Creek is nearly in the trough of the syncline just referred to, and it has cut below the
La Plata for its entire length. The gradient of the stream is equal to the southeastern dip of
the La Plata sandstone, about 4°, so that the base of the sandstone keeps its position, from
100 to 200 feet above the stream, for over 7 miles from the Piedra. The underlying Hermosa
also persists until the great fold-fault alluded to on page 42 is approached. Where the lower
beds turn up adjacent to that fold the creek cuts through them into granite.

Somewhere in the region near Graham Peak the La Plata again overlaps the lower Paleozoic
formations, but a heavy cover of forest and old glacial gravels obscure these relations and no
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FIGURE 3.—Diagrammatic section along the northwest side of Piedra Canyon, Colo.

exposures of the unconformity were found. Erosion may have removed the La Plata from
the rather narrow zone in which it might otherwise be present.

The divide at the head of Sand Creek and farther north is in the Eolus granite, and the base
of the La Plata turns up sharply on’the higher slopes and swings around to the northeast where
the fold merges into the Wiminuche fault. On some of the ridges of these upper slopes north-
west of the fault remnants of the La Plata sandstone overlie the granite.

Below the mouth of Sand Creek the La Plata sandstone assumes a northeastern dip and
in a distance of less than a mile its base rises 1,000 feet above the bed of Piedra River. It
then turns 0'entaly to the southwest and east of the mouth of First Fork, which is the next main
stream, it is again only a few hundred feet above the Piedra. As shown in figure 3, there is an
older and more pronounced fold in the pre-Jurassic strata between Sand Creek and First Fork
and the La Plata truncates these older formations, the overlap being very plainly demonstrated
by the section displayed in Piedra Canyon and the valley of First F I‘01k

As the Piedra cuts across this anticline it first reveals the Eolus granite beneath the sedi-
ments, but on the southwest side a fault brings schists of the Uncompahgre formation once
more to view. The river flows through these pre-Cambrian formations in a rugged canyon.
The Hermosa and earlier Paleozoic formations are well exposed on the northwest side of the
canyon.

First Fork also flows in a synclinal trough and for at least several miles above its mouth
cuts below the La Plata. In the lower part of the valley bright-red sandstones are-prominent
in the southwest bank and also appear on the southeast side of the Piedra. These beds and
300 to 400 feet of variously colored grits, sandstones, shales, and nodular limestones which over-
lie them, clearly belong to the Permian (%) Cutler formation, for they are in turn overlain by
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the Triassic Dolores formation. The characteristic fine-grained ‘‘saurian conglomerate’ of
the Dolores, carrying fragments of bones and teeth and made up mainly of small pebbles of gray
limestone, is exposed on the northeast side of First Fork, halfway to the principal forks of the
stream shown in figure 2, and also in the ridge between the forks.

The white La Plata sandstone occurs 300 to 350 feet above the forks, being cleally shown
in the main ridge to the northeast. It thus appears in First Fork in about the same position
relative to the underlying section of Triassic and Paleozoic formations that it holds throughout
the San Juan region, to the west, as described in the published folios. Except for a part of the
Dolores formation the overlap from Triassic to pre-Cambrian rocks is complete between First
Fork and Wiminuche Creek. .

Below the mouth of First Fork the canyon of the Piedra has been seen only from a distance.
The canyon closes in and the walls are-high and rugged. The Paleozoic beds form a sharp anti-
cline, with very steep dips on the southwest limb, and the pre-Cambrian rocks are probably
again exposed in the canyon. The La Plata and overlying beds are also folded, but less sharply
than are the underlying rocks, the conditions resembling those above First Fork. Within a
few miles down the river all pre-Dakota formations disappear beneath the surface by southerly
dips.

The overlap of the La Plata has been described with special reference to the exposures
examined on the northwest side of the Piedra, but the same general relations are shown on the
opposite side, as could be seen from many good points of view. But the structure exhibited
by the older formation southeast of the Piedra is more complex than has been described. Pre-
Cambrian rocks rise about 1,000 feet above the river in an amphitheater nearly opposite Sand
Creek, and are there 1mrnediately overlain by the La Plata sandstone. A more detailed study
than we could make is necessary in order to determine fully the structural 1elat10ns of the for-
mations in this area.

PRE-DAKOTA SECTION OF PIEDRA VALLEY.

JURASSIC (?) SYSTEM.
McELMO FORMATION.

The McElmo strata, occurring between the Dakota and La Plata sandstones, are widely
distributed in the Piedra and adjacent valleys, but 0W1ng to their soft, friable nature are well
exposed at few places. The only good section observed is in the little canyon of Wiminuche
Creek, about 5% miles north of the area shown-in figure 2, where the stream cuts across the
strata adjacent to the fault mentioned on page 42. In thlS canyon 470 feet of McElmo strata
are exposed in vertical position.

At the base of this McElmo section is a dark-red marly shale, such as occurs at many
places in this position. It is succeeded by wavy friable sandstones, sandy shales, and clay
shales, in beds that are rarely more than a few feet thick, without marked change in character.
On slopes the harder sandstones form ribs separating shale depressions. The colors, especially
those of the shaly layers, exhibit the variegation characteristic of the formation, from red,
through pink, green, lilac, and yellow, to gray. ‘

It seems probable that this section does not show the true thickness of the formation,
owing to squeezmg and shearing near the fault, and that the softer beds in paxtlculm are
thinner than is normal. No fossils have been observed in the McElmo formation.

JURASSIC SYSTEM.
LA PLATA SANDSTONE. - 4

General character.—The La Plata of the Piedra Valley exhibits variations which are natural
in a region of overlap upon an uneven topography. In other parts of the San Juan region
the La Plata consists of two thick members of white massive cross-bedded quartzose sand-
stone, separated by a subordinate and variable calcareous member in places carrying some
limestone but more generally consisting of calcareous sandstones and shales. In Piedra Canyon
and its branches the lower, Lia Plata sandstone in many places has nearly its normal character
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and above it come dark bituminous limestones, locally thin-bedded and brecciated. The
upper La Plata sandstone is presumably present in less than the normal thickness, but owing
to its soft and friable character it affords no good exposures. This character renders it possible,
however, that these soft beds belong in fact. to the McElmo formation and that the La Plata
here 1a<,l\s its upper member.

At the base of the La Plata a basal conglomerate, variably developed is composed mamly
of dense quartzite pebbles from the Algonkian Uncompahgre formation, a great thickness of
which is shown in the adjacent Needle Mountains area. Such conglomerate was observed at
several places near the mouth of Wiminuche Creek, where the La Plata rests on an irregular
surface of Algonkian strata.

The lower La Plata sandstone is variable in thickness and is very thin or wanting in some
places, as on the east side of the Wiminuche about a mile above its mouth. A short distance -
below this point conglomerate and some sandstone occur between the underlying granite and
dark limestone breccia. These variations are no doubt due to the uneven surface on Whlch
the sandstone was deposited. :

The limestone member of the La Plata in the Piedra V&lley presents very nearly the
samo features that it does north of Ouray. Its total thickness is locally more than 30 feet, and
usually a gray massive cavernous limestone lies in thin beds above and below it, but in somef
localities almost the entire member is black breccia of thin limestone cemented by white calcite.
In the thin shaly limestone layers below the more massive part scanty fish remains wers found.
Dr. C. R. Eastman has examined these remains carefully but is unable to make any satisfactory
determinations of the forms represented.

Section of La Plata sandstone.—On the northwest cide of the Piedra, about mldway between
Sand and Wiminuche creeks, the section given below was found.

Section of La Plata sandstone on Piedra River between Sand and Wiininuche creeks.

Top. Feet.
1. Sandstone of the McElmo formation, red, thin-bedded, argillaceous; poor exposures.
2. No exposurés; unexposed interval probably occupied by upper La Plata sandstone with some
. MCEIMO DeAS. cemeenenneeeei et et e e eaaaens B PRUT 70
3. Limestone breccia, dark, made up of fragments like underlying limestone; contains open
spaces, as the cementing material does not fill all the interstices; makes good ledge out-

103 7170 15
4. Limestone, dark, in places nearly black; shaly; has a decided bituminous odor; carries frag-

ments of small fish. ... i 10
5. Quartzose sandstone, light yellowish gray, fine, even-textured; weathers with rounded, pitted

103 0 51T T 20
6. Quartzose sandstone, white, even-grained, cross-bedded; makes rounded cliffs.............. 55

This is the normal section of the La Plata of this area, but the two limestone members are
rather variable and the upper limestone breccia alone reaches a thickness of 30 feet just north
of the mouth of Sand Creek, though at some other places it is much thinner. The heavy sand-
stone bed at the base is also somewhat variable in thickness.

TRIASSIC SYSTEM.

DOLORES FORMATION,

The only known exposures of the Dolores formation are adjacent to the fault in Wiminuche
Canyon and in the valley of First Fork. In neither locality were good sections seen, but it is
clear that the formation here exhibits no marked change in character from that shown in the
Animas Valley, as described in the Engineer Mountain folio. There is the usual alternation
of fine limestone conglomerate and thin-bedded sandstones and shales near the base, followed
above by intensely red shales and more or less massive sandstones. The original thickness
of this sandstone in this region is presumably nowhere preserved, owing to pre-La Plata erosion,
and it may have been much greater than at present. Probably 350 to 400 feet is a maximum
measure of the Dolores formation now occurring in the Piedra Valley. -
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Unless small isolated exposures of the Dolores occur in the San Juan, Navajo, or other
valleys east of the Piedra, near the volcanic rocks of the mountains, these outcrops of Dolores
beds of the Piedra are probably nearer than any others of Colorado to the long-known fossilif-
erous beds of Rio Chama in New Mexico. No conglomerate like that of the Dolores has been
reported from New Mexico, but it is evident that if the worn particles of limestone were a little
smaller than they are in the conglomerate of First Fork and were mingled with sand grains the
peculiar character of the ‘‘saurian conglomerate’” would be lost.

CARBONIFEROUS SYSTEM.

PERMIAN (?) SERIES.

/
CUTLER FORMATION.

The most complete section of the Cutler formation is in Dolores Valley below Rico, Colo.!

The only observed outcrops of the Cutler formation in the areas here considered are those
in First Fork, already mentioned, where, as noted, some of the sandstones and shales are very
bright red, but the strata near the Dolores formation have the character of the partial section
given below, which occurs on the northeast side of First Fork about half a mile above the Piedra,
where it is crossed by the Forest.Service trail leading up First Fork. The top of the section
is not more than 200 feet below the Dolores, but the intervening beds-are poorly exposed.

Section of Cutler formation about one-half mile above the Piedra.

Top. Feet.

1., Arkose grit with subordinate red sandy shale; upper bed of arkose, 6 to 12 feet thick, varies
locally inversely with red sandstone. ........ ... ... i il 20
2. Arkose, cross-bedded, massive, pink; forms rounded outcrops..........cc.ooiiiiiiiiao.. 12-15
3. Shale, calcareous, and nodular pink limestone....... ... ... ... il 8
4. Sandstone, light gray, somewhat calcareous, weathering into rounded forms; tough fracture = 6-7
5. Limestone and shale; red nodular limestone with shaly matrix; crumbling. et 3
6. Sandstone, gray, fine and even-grained. .. ....... ... ... ... il 3
7. Shale, sandy; dark red in upper part, grading below into dark-green sandstene at base. .. ... 12

8. Sandstone; thin-bedded, greemsh gray, dark at top and lighter below;strike N. 12°-18° E.,

QI 7080 W e e e 30
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This section is in general characteristic of the Cutler of the southern San Juan region
as to the variety of beds and their alternation, though no two sections agree in thickness or
similar beds or in details of gradation. No eXposures were. found in the zone between the
Cutler beds and the typical Hermosa, so that it is uncertain Whether the Rico formation (Per-
mian %) is present in the Piedra Valley or not.

PENNSYLVANIAN SERIES.

HERMOSA FORMATION.

The lower part of the Hermosa is exposed south of Sand Creek and near the Piedra, in a
diagonal section which is continuous for about 500 feet, the beds dipping 18° to 25° NE. Owing
to a fault the actual base of the formation is not shown in relation to this section, but probably
there is a gap of less than 200 feet. The section is on the northeast limb of the anticline shown
in figure 3. t

Partial section of Hermosa formation near Piedra Canyon, south of Sand Creek.

Top. . Feet.

1. Sandstone, yellowish green, argillaceous........... .. ... . i il 4
2. Sandstone, pinkish, with a few thin vauegated bands; slightly cross bedded, medium to
coarse-grained. .. .. ... ...l i 16

3. Shale, purplish............. e e e e e e e i 3
4. Limestone, dark gray....... ... ... . i S 2
5. Sandy shale, dark red to purplish. ... ... . Ll 20

1 Cross, Whitman, and Howe, Ernest, Red beds of southwestern Colorado and their correlation: Geol. Soc. America Bull., vol. 16, p. 464, 1905.
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. Feet,

6. Grit, Ight gray . oo e 6

7. Limestone, nodular, with very fossiliferous shale layers........... ... ... ... . L. 6

8. Limestone,.nodular and fossiliferous, and shale; strike N. 65° W., dip-27° NE.

9. Shale, reddish to purplish at base, drabattop.................. PO P, 20
10. Limestone, nodular and fossiliferous, with thin shale......... e e e 3
11. Shale, purplish. ... ... ... . oL e e PR 17
12. Shaly limestone; fossils. ....coou it 2
13. Shale, sandy and reddish near base, calcareous and black near t0p......................... 6
14. Sandstone, coarse, somewhat variegated, brownorred............ ... ... . o ilL. e
15, Sandy Shale. ... 2
16. Sandstone, soft, shaly, greenish, and somewhat variegated............. ... .. ... ... 5
17. Grit and coarse sandstone..... e e e e e e e e e e et aaeans 19
18. Limestone, very fossiliferous...........oo i o o1
19. Grit, Light colored . . ... ..o o i 22
20. Shale, reddish and calcareous at top ..................................................... 23
21. Grit, light colored . . ..ottt 17
22. Limestone, dark gray; fewshells.............................................- .......... 3
23. Sandstone, thin-bedded, shaly, gray, and cross-bedded........ ... ... ... .. . .. .. . ... 9
24. Shale, forming flaky sandy clay, upper part da;k gray, lower partreddish.......... ... ... 20.
25. Limestone, sparingly fossiliferous; strike N. 35° W., dip 18°NE._ ... . .. .. ... ... ..., 4
26. Shale, very fine-grained, green and gray, or red; soft and poorly exposed (estimated thickness) 40
27. Sandstone, arkosic, green with prominentred feldspargrains. . ..... .. .. .. . i L. 5

28. Limestone; upper 5 feet nodular, gray, dense, rich in Productus, Spirifer, Terebratula, and
Triticites; lower 7 feet earthy limestone grading downward; alternation of shales and lime-’

stone in layer 3 to 4 inches thick; fossiliferous.... ... .. ... L il 12
29. Shale, dark, caleareous..... ... ... Ll e 3
30. Limestone, nodular; rich in T'riticites secalicus. . ... ... ... ool e 23
31. Shale, soft, gray; poorly exposed . . ... ... ... 20
32. Sandstone, yellowish N 2
33. Limestone, nodular in upper part, thinner bedded and sandy below; very fossiliferous... ... 23
34. Shale and sh‘tly FET18 1 51703 1 10
35. Grit, arkosic, pink, gray, and mottled; cross-bedded, massive; much quartz................. " 14
36. Sha.le, red and BLY - e e et et et e e 8
37. Limestone, part laminated, part nodular; fossiliferous...... . .. .. ... . .ol 22
38. Shale, red, with irregular nodules of limestone. ... ... ... ... ... ... .iii.... 12
39. Limestone, massive, gray . . .. ....oo i et 5
1T LR T 4
41. Limestone and red shale of irregular development; rich Triticites-bearing limestone layer.... 20
42, Grit, gray, MaSSIVe. ...t 25
43. Sandstone, dense, with dark-red shale partings to beds; pink and gray spots in sandstone.... 18
490

Below this section is a zone, about 200 feet wide, in which the rocks are not exposed, and
below that the Ouray limestone appears. On the south side of the fault which interrupts
the continuity of the section the two lowest beds of the Hermosa are exposed. At the base
is a gritty sandstone about 20 feet thick, and overlying it is a'more or less sandy fossiliferous
linestone of wavy bedding, exhibiting an irregular alternation of pure dark-gray material
with streaks of yellowish earthy limestone. This constitution is characteristic of the lowest
limestone of the Hermosa in the Animas Valley.

MOLAS FORMATION.

The descriptions of the Molas formation in the Silverton, Needle Mountains, and Ouray
folios show the persistent character of this thin and peculiar formation throughout the San
Juan region.

The Ouray limestone south of and adjacent to the fault that interrupts the Hermosa sec-
tion lies below reddish clay, shale, and calcareous beds that are typical of the Molas formation.
The full thickness of the Malas formation was not seen, but near the fault there are unusually
good though not continuous exposures, making it clear that the formation is at least 100 feet
thick. It has the usual character, consisting mainly of red calcareous shale. Much of it is
almost & red clay, but where the calcareous element is prominent the mass becomes irregularly



50 - SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914,

nodular or lumpy. Layers or lenses of mottled limestone are rare. The largest extend several
yards laterally. Some layers of calcareous mud are twisted and are held by ordinary shale
or clay. Near the top is a calcareous sandstone, apparently quartz-free, 1 to 2 feet thick. The
upper 20 feet is not well enough exposed to show the character of the rock.

CARBONIFEROUS AND DEVONIAN SYSTEMS.

OURAY LIMESTONE.

A massive light-gray crystalline limestone about 30 feet thick occurs below the Molas
formation in the section on the northeast limb of the anticline below Sand Creek. The upper
surface of the limestone contains deep solution crevices filled by the reddish mud of the Molas,
a condition common throughout the San Juan region. In the limestone were found cup coral
and fragments of crinoid stems such as are common in the Carboniferous part of the Ouray
limestones elsewhere. Chert nodules occur in the upper part of the limestone. No Devonian
fossils were found, and it may be that no part of the limestone here should be referred to that
period. °

DEVONIAN SYSTEM (P).

ELBERT FORMATION(1).!

Below the. Ouray limestone there are several quartzite beds, 4 to 5 feet thick in all, and
some reddish or mottled crumbling sandstone. Green or reddish shale occurs below these
sandstones but is poorly exposed. . No place for a section was found. It is estimated that there
are 40 to 50 feet of sandy and shaly beds between the Ouray limestone and pre-Cambrian forma-
tions, and the reference of these to the Elbert rather than to the Upper Cambrian (Ignacio
quartzite) is based simply on probabilities. The Ignacio is absent on Pine River about 12 to 15
miles west of the Piedra Canyon. . : .

S ALGONKIAN SYSTEM.

UNCOMPAHGRE FORMATION.

As shown in the profile section, there are in the Piedra Canyon two distinet exposures of
quartzite and schist or shale belonging to the Uncompahgre formation. In the one at and near
the mouth of Wiminuche Creek the strata have nearly the same character that they exhibit in
the Needle Mountains. "The.quartzites are dense and hard and are bluish-gray in color. , They
are in part coarse and in part fine grained. The shales have been somewhat metamorphosod
and some beds are schistose through abundant mica, but in many places they are soft and
crumbling: Much of the decomposed appearance of these strata is probably due to weathering
in a long period of exposure before the decomposition of the earliest Paleozoic sediments.

- In the area of these Uncompahgre beds in the Piedra Canyon between Sand Creek and First
Fork quartzite, accompanied by pronounced schists, is the principal rock, occurring in a band
about 100 feet wide, adjoining the granite body. Brown tourmaline and rudely developed
chiastolite or a.nda.lusn:e characterize the schists near the granite and indicate that the granite
is intrusive. The Piedra Canyon, cut for a depth of 200 to 300 feet in these beds, is very rugged
and has somber gray walls.

The Uncompahgre strata beneath the La Plata sandstone of Plate VIII are locally contorted
and crushed. Those of the canyon below Sand Creek strike nearly east and dip 60° or more to
the north ’ ’

1 The Elbert formation was first described in 1904 (Cross, Whitman, A new Devonian formation in Colorado: Am. Jour. Sci., 4th ser., vol. 18,
P. 245). For further descriptions and map of type locality see U. S. Geol. Survey Geol. Atlas, Engineer Mountain folio (No. 171), p. 5, 1910.



A RECONNAISSANCE IN THE CANYON RANGE, WEST-CENTRAL
UTAH

By G. F. LouGHLIN.

INTRODUCTION.
PREVIOUS STUDIES IN THE REGION.

The Canyon Range, in west-central Utah, which derives its name from the deep valley cut
through its northern part by Sevier River, has hitherto received no general geologic study, not
even of a reconnaissance nature. The atlas of the Wheeler Survey, though showing the geology
of the surrounding ranges, leaves the Canyon Range blank. Gilbert, in his study of Lake
Bonneville,? examined the lake deposits in the valleys on the east and west sides of the range and
in Sevier Canyon which connects them, but paid no special attention to the hard rocks of the
range. Tower and Smith? in their report on the Tintic district, north of the Canyon Range,
mention the presence of folded Paleozoic strata, including Carboniferous limestone, along
Sevier Canyon, and of Eocene conglomerate resting unconformably upon the Paleozoic rocks.
Their statement was based on observations made during a day’s drive from Juab to Leamington
by Smith, who noted the absence of volcanic material in the Eocene conglomerate and the
abundance of it in the Pleistocene and recent alluvial deposits, and therefore concluded that
the Tertiary volcanic rocks, which form the southern part of the Tintic Mountains, were post-
Tocene. The latest geologic map of North America* represents the Canyon Range as com-
posed entirely of Cambrian and Lower Ordovician strata.

' FIELD WORK.

The writer in 1912 ® made a trip through Sevier Canyon, noting the unconformity between
the Eocene conglomerate and the Paleozoic strata and also the presence of a bed of dark-colored
volcanic rock, presumably andesite or latite, resting upon Eocene conglomel ate, thus verifying
Smith’s conclusmns The close 1esemblance of the Paleozoic quartzite in general lithologic
character to the Cambrian quartzite of the Tintic district, together with the age assigned to it
on the geologic map of North America (just cited), led the writer to describe the Tertiary con-
glomerate as here resting on Cambrian quartzite. In June, 1913, however, while visiting the
Leamington mining district, he took the opportunity to make a hasty reconnaissance of the
range, spending half a day in the mountains north of Sevier Canyon and three days in trips up
Wood, Yellowstone, Fool Creek, and Oak Creek canyons and along the west base of the
range. It was found that the quartzite, instead of being Cambrian, rested in apparent con-
formity upon lower Mississippian limestone. No careful measurements of the thicknesses of
these formations were attempted, but interesting structural data were gathm ed, which, though
. far from complete, are believed to be worthy of presentation.

117, 8. Geog. Survoys W. 100th Mer., atlas sheet 50.

3 Qilbert, G. K., Lake Bonneville: U. 8. Geol. Survey Mon. 1, pp. 104, 166, 192, and 193, 1890.

8 Tower, G. W., and Smith, G. O., Geology and mining industry of the Tintic district, Utah: U. S. Geol. Survey Nineteenth Ann. Rept., pt. 3,
Pp. 617, 671, and 673, 1809.

4 Willis, Bailey, Index to the stratigraphy of North America: U. S. Geol. Survey Prof. Paper 71, P1. I,1912.

8 Loughlin, G. F., Reconnaissance in the southern Wasatch Mountains, Utah: Jour. Geology, vol. 21, p. 448, 1913,
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The Canyon Range, as shown on the accompanying map (fig. 4), has the general features of
the maturely dissected basin ranges, but the transverse canyons on its west side are surprisingly
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FIGURE 4.—Reconnaissance map of the Canyon Range, Utah, showing geologic formations.

broad in proportion to their
lengths. - Those on the east
side were not seen at close
range. Most of the lateral
branches of the canyons on
the west side are strike val-
leys separated by ‘‘hogback’’
ridges. (See fig. 5.) Some
of these canyons are occu-
pied by small creeks, the
largest of which is Oak Creek,
in the southern part of the
range.

The most striking topo-
graphic feature is Sevier Can-
yon, in reality a rather wide
valley with a flat bottom and
gently sloping sides, which
cuts completely across the
range in a curved course at a
very gentle gradient. Sevier
River has terraced the un-
consolidated lake deposits
which constitute the canyon
floor and follows a meander-
ing course, interrupted at one
or two places by gentle rap-
ids, where it has uncovered
buried ridges of quartzite.

SETTLEMENTS.

Two small agricultural
towns are situated at the
west base of the range at
places where water for irriga-
tion is available—Leaming-
ton, at the mouth of the
canyon of Sevier River, and
Oak Creek, or Oak City, at
the mouth of Oak Creek can-
yon. A few ranches are lo-
cated between these two

towns, especially near the mouth of the canyon of Fool Creek, which supplies water for
irrigation. The San Pedro, Los Angeles & Salt Lake Railroad passes through Leamington
and Sevier Canyon. Oak Creek is reached by stage from Leamington.
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GEOLOGY.
STRATIGRAPHY.

GENERAL FEATURES.

The Canyon Range is composed almost entirely of sedimentary 1ocl\s—C£u boniferous lime-
stone and quartzite ovcﬂmn unconformably by Eocene conglomerate. Volcanic rocks have
been reported from the extreme northern and southwestern parts of the range, beyond the
limits of the area visited. The Valleys on either side of the range are floored with beds of
Pleistocene age that were deposited in Lake Bonneville and are known as Lake Bonneville
beds, and locally with later alluvial deposits.

SEDIMENTARY ROCKS.

CARBONIFEROUS LIMESTONE.

. Thelimestone, as shown on the map (fig. 4), is the prevailing rock northwest of Sevier Canyon
and forms the middle western slope of the range south of Sevier Canyon as far as the south
boundary of Yellowstone Can- :
yon. North of Sevier Canyon
it has generally low dips, asso-
ciated with gentle anticlinal
and synclinal flexures, but
locally its beds stand nearly
vertical. South of Sevier
Canyon the dip varies from
steep westerly to vertical.
The limestone on both sides
of Sevier Canyon dips beneath
quartzite. A smaller lime-
stone area extends north and
south across Oak Creek. Its
beds show a monoclinal struc- | st : ¥ ,
ture, (hpplng 70° W. beneath Ficure 5—View across North Fork of Yellowstone River, Canyon Range, Utah, looking north-
the quartzite and are sepa- vestfrom Arbroath shaft. .
rated on the east from quartzite by a strike fault. Limestone is also said to be exposed in the
narrow southern part of the range, néar Scipio. A lens of limestone in quartzite was noted on
the north side of ool Creek. This lies well above the main limestone formation.

The lithologic character of the limestone varies somewhat in different places. The lowest
strata seen, about 3 miles northwest of Sevier Canyon, are thick to rather thin bedded, of me-
dium to dark gray color, and fine to rather coarse grained in texture. Fossils are fairly abundant
in certain beds. At a higher horizon, due north of Parley station, which is 5 miles northeast
of Leamington, mterca,latcd beds of shale are conspicuous. About a mile north of Parley
station, on the east wall of a southwar d—slopmg canyon, there is a prominent bluff of vertical
strata which consists largely of conglomerate composed of limestone and chert pebbles and
which lie within the zone of intercalated shale beds. The stratigraphic significance of this
conglomerate can not be determined without detailed study, but from the paleontologic evidence
(see p. 54) it appears to be only a local variation within a single limestone formation.

The uppermost limestone beds vary in character at different places. On the west slope of
the range, northwest of Sevier Canyon, they are very cherty, nodules and continuous bands
of chert comprising as much as 50 per cent of some beds. Perfect pseudomorphs of brachiopod
shells are conspicuous in much of the chert. Shale beds at this place are not conspicuous, and
the gradation from limestone upward into quartzite appears to be marked by increase in chert.
The exact relations of the chert to the quartzite were not ascertained.
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In Wood Canyon the uppermost beds are of light to medium gray color and are dolomitic.
Many of them are characterized by a concretionary or pisolitic structure, the concretions r&nging
up to an inch or more in diameter and offering greater resistance to weathering than the matrix.
Above and intercalated with these strata are beds of striped shaly limestone, alt.ernatmg with
shale, and these in turn are overlain by a bed of brown ferruginous quartzite, which is followed
by typical quartzite.

At no place is the entire thickness of the limestone exposed. A rough estimate of the
exposed thickness northwest of Sevier Canyon gives 1,700 to 2,000 feet, but there are so many
local variations in strike and dip that there are many chances for error in this estimate. The
thickness of the limestone in Yellowstone Canyon is certainly much greater, but the entire
exposed width was not studied, and the lower part of the limestone is concealed beneath thick
bodies of Eocene conglomerate. In Oak Creek Canyon the exposed thickness is at least 3,500
and may be over 4,000 feet. '

Fossils collected from the upper cherty limestone beds on the west slope of the range,
21 to 3 miles northeast of Leamington station, were determined by G. H. Girty, of the United
States Geological Survey, as follows:

Crinoid stems, large and numerous. Spirifer centronatus.
Zaphrentis sp. . Spirifer incertus?
Schuchertella chemungenms‘? ' Syringothyris carteri.
Schizophoria swallowi? ' Cliothyridina aff. sublamellosa.

Aniother lot, collected at a horizon much lower stratigraphically, in the saddle between the
two main ridges of the range, about 24 miles north of Parley station, contains Spirifer centro-
natus and Composita humilis. Mr. Girty states that theé first lot ““is clearly of lower Missis-
sippian or Madison facies,” and that the second lot ‘“is less diagnostic, since there are two
Pennsylvanian species very similar to the only two comprised in the collection, but since thé"
latter occurs below the first it must needs be Madison also.” Fragments of fossils similar to
those listed above were noted in Yellowstone Canyon in the upper part of the limestone. _

The fossils prove the upper 1,700 to 2,000 feet of the limestone to be of lower Mississippian
or Madison age. Lower portions may prove, on close study, to be older than Mississippian.
In the Tintic district, 12 miles north of the Canyon Range, limestone of Mississippian age is
2,000 to 2,250 feet thick and is underlain by 4,400 to 4,600 feet of Cambrian and Ordovician
limestone. In the southern Wasatch Mountains similar conditions are found, but only 2,400 or
2,500 feot of the older limestones are present. These two sections are the hasis for the sugges-
tion that the lower part of the Jimestone in the Canyon Range may beof pre-Mississippian age.

QUARTZITE.

The quartzite of the Canyon Range is exposed along the western half of Sevier Canyon
and extends continuously southward well beyond Oak Creek. South of the divide between
the Yellowstone and Fool Creek canyons the quartzite constitutes the summit and entire
western slope .of the range, with the exception of the faulted band of limestone (p. 53) across

Oak Creek.
: The quartzite as a rule is of fine, even grain and varies in color from nearly white to light
and dark brown or reddish brown. Some of its beds are greenish. Its general appearance is
very similar to that of the thick Cambrian quartzite exposed in the Tintic district and at several
places along the Wasatch Range, thus accounting for the fact that the quartzite has heretofore
been regarded as of Cambrian age.

The quartzite contains a conspicuous and persistent dark-reddish finely banded member,
400 or 500 feet thick, which is a convenient horizon marker and indicator of the geologic struc-
ture. (See figs. 6 and 7.) The northernmost exposure of this member is on the south side
of Sevier Canyon, near its mouth, where it stands vertical in a pinched synclinal trough of
southwesterly pitch. It was not traced southward across Wood and Yellowstone canyons

>
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but is undoubtedly present in that part of the range. South of Yellowstone Canyon the red
moember follows the west edge of the range almost as far south as Fool Creek. It then swings
southeast, crossing the lower part of Fool Creek canyon, and following an undulating course,
probably passing north and east of Fool Creek Peak, the highest peak of the range. South
of Fool Creek canyon the red member is probably present in the western part of the range, but
wag seen only in the vicinity of Oak Creek. North of Oak Creek canyon it is again prominent
along the west edge of the range and is exposed in a very gentle anticline for a considerable
distance along both walls of the canyon, from a point near its mouth to thefirst north branch. Here
a sudden steepening of the easterly dip carries it below the surface, but it reappears about a
mile farther up the canyon a short distance west of the limestone band. It again appears in
the.trough of a gentle syncline on the north slope of the canyon near its head. It was not
followed south of Oak Creek canyon.

Elevation
— 5,000 feet

Elevation
F—5.000feet

. Approximate scale _
! Ve 0 ! 2 Miles
. - B

L 1 1 ! L A

FIGURE 6.—Generalized section along north (e) and south (b) sides of Fool Creek canyon, Utah. 1, Tertiary conglomerate and sandstone; 2, Car.
boniferous quartzite; 3, red member of the quartzite; 4, Carboniferous limestone; 5, limestone lentil in quartzite.
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FIQURE 7.—Generalized section along north side of Oak Creek canyon, Utah. 1, Tertiary conglomerate and sandstone; 2, Carboniferous quartzite;
3, red member of the quartzite; 4, Carboniferous limestone.

One lens of gray limestone, mentioned on page 53, was noted on the north side of Fool
Creek canyon. Detailed study may prove the presence of several such lenses.

The entire thickness of the quartzite was at no place exposed, owing to erosion of its upper
portion. On the north side of Fool Creek canyon (fig. 6) the thickness of the exposed vertical
strata on the east limb of the close anticline appears to be at least 5,000 feet. Elsewhere the
variations in dip prevented a closer estimate. :

No fossils were found in the quartzite, but its apparent conformable position above lime-
stone of Madison age suggests that its lower part at least is Mississippian. Its upper part
may be Pennsylvanian. A similar quartzite of .great- thickness, containing some limestone
beds, forms the greater part of the West Tintic Mountains, the southern end of which is almost
connected with the northwest end of the Canyon Range, and the writer has found upper Missis-
sippian fossils in the limestone beds. Correlation, therefore, with this quartzite fixes the
age of the quartzite of the Canyon Range as upper Mississippian. :
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The upper Mississippian studied by the writer in the Tintic Mountains north of the Canyon
Range and east of the West Tintic Range consists of a thick series of alternating limestone, shale,
and sandstone or quartzite beds. The same series, 5,000 to 6,000 feet thick, is present in the
southern part of the Oquirrh Range,* and is overlain by the thick Bingham quartzite, which
has been referred by Girty to the Pennsylvanian series.? In the Wasatch Mountains the same
intercalated series of limestones, shale, and sandstone is overlain by the Weber quartzite of
Pennsylvanian age. These data indicate a transition northward and eastward from quartzite
into strata composed largely of limestone and shale, and suggest that in late Mississippian and
Pennsylvanian time the deposition of siliceous sediment was extended northward and eastward,
overlapping the intercalated beds of limestone, shale, and sandstone.

EOCENE CONGLOMERATE.,

The Eocene conglomerate is almost wholly confined to the east half of the range. A few
small outliers were:noted on the higher spurs north of Fool Creek, and their approximate posi-
) tions are shown in figures 4
Mississippian and 6. A considerable area,

limestone - in which the rocks are very
poorly exposed, was traversed
along the low foothills north
of the town of Oak Creek.
In the principal area the
‘Eocene consists of light-gray
and red beds of conglomerate
and sandstone, the conglom-
erate pebbles including lime-
stone, quartzite, and chert.
The western boundary of the
principal area is exposed in
Sevier Canyon near its north-

ernmost point, where a coarse

FIGURE 8—Eocene conglomerate resting on upturned Mississippian (or older) limestone, at co nglomerate rests uncon-
head of Yellowstone Canyon, Utah.
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formably on quartzite. On
both sides of the canyon the boundary can easily be seen from a distance, owing to the
marked contrast in color between the younger and older formations. South of the canyon
the Eocene beds rest on the upturned lower Mississippian limestone and form the crest and
upper west slope of the range along thé heads of Wood and Yellowstone canyons. (See fig. 8.)
North of Fool Creek Peak the west boundary crosses the summit and extends along the eastern
slope as far as the saddle at the head of Oak Creek canyon, where the contact is well exposed,
the Eocene beds, with a dip of about 10° E., abutting against a steep erosion surface of quartzite.
This relation of dip to contact indicates a very uneven pre-Eocene topography.

’ The Eocene beds at the top of the saddle have disintegrated into loose cobbles and pebbles,
with. only scattered remnants of solid conglomerate. This disintegrated area lies between
quartzite summits and is further indication of the unevenness of the Eocene topography.

The small outliers north and south of Fool Creek were recognized from a distance by their
characteristic red color and by their rounded weathered surfaces, which sharply contrasted
with the angular surfaces of the surrounding quartzite. The outliers occupied depressions
between quartz1te summits, suggesting that the basal portion of the Eocene conglomerate
was deposited in strike valleys. (See fig. 6.) The existence of these pre-Eocene strike valleys
at the heads of present strike valleys suggests that the present drainage is essentially the same
as in pre-Eocene time, and may thus account for the shapes of the canyons, which, as already
remarked (p. 52), are unusually broad in comparison to their lengths.

1 Sparr, J. E., Economlc geology of the Mercur mining district, Utah: U. S. Geol. Survey, Sixteenth Ann. Rept., pt. 2, p. 377, 189.
1 Boutwell, J. M., Economic geology of the Bingham mining district, Utah: U. S. Geol. Survey Prof. Paper 38, appendix, p. 387, 1905.
. 4
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The rocks which form the low foothills north of Oak Creek are almost completely reduced
to a loose mass of limestone, quartzite, and chert cobbles, with a few remnants of consolidated
conglomerate. These remnants furnish the clue to the origin of the foothills, which without
them could not be explained, as the foothills are bounded on all sides by steep slopes and bear
no direct relation whatever to the Quaternary alluvial deposits: The presence of the Eocene
material in these deposits is presumably due to the sinking of a block during the faulting period
when the Basin Ranges were developed. This occurrence extends the western boundary of
Eocene deposition somewhat farther westward than has heretofore been indicated.

As only the eroded western edge of the Eocene beds was studied no idea of its thickness
was gained. The beds are assigned to the Eocene by correlation with similar strata in the
southern Wasatch Mountains-! and in the ranges immediately east of the Canyon Range.?

QUATERNARY DEPOSITS.

The Quaternary deposits include the Lake Bonneville beds of clay and marl deposited in
Pleistocene time and the overlying alluvial deposits at the mouths of the canyons. The Lake
‘Bonneville beds are terraced by Sevier River and are well exposed at Leamington and along the
sides of Sevier Canyon, as shown in Plate IX. No special attention was given to these deposits
by the writer, and the reader is referred for further information to Gilbert’s monograph.?

VOLCANIC ROCKS.

No volcanic rocks were seen at close range. From a distance a bed of dark columnar
volcanic rock was seen overlying Eocene beds northeast of the canyon, and its approximate
location is shown in figure 6. Volcanic Tocks are said to be abundant in the extreme northern
part of the range, and porphyry dikes are reported along Dry Canyon, south of Oak Creek.*

STRUCTURE.

The Carboniferous rocks are characterized by a few major folds with steep dips, by several
intervening minor folds with gentle dips, and by a prominent strike fault which appears to be
coincident with a broken anticline. The northernmost major fold is the unsymmetrical syn-
cline of southwesterly pitch, whose axial plane is nearly parallel with the western half of Sevier
Canyon. Its northwestern limb has a moderate dip, 25° to 40°, which becomes lower away
from the axis, passing into an area of prevailingly monoclinal structure, though the general
low and regular inclination of the beds is interrupted by several inconspicuous anticlines and
synclines. The southeast limb is nearly or quite vertical along Sevier Canyon, but along Wood
and Yellowstone canyons its prevailing dip is near 45°. '

In Fool Creek canyon an anticline and syncline with north-south axes are exposed. (See
fig. 6.) On the north side the details of the structure are not very clear. The moderate
westerly dip of the quartzite changes eastward to vertical, the latter persisting for about 1%
miles and then gradually changing to a moderate westerly dip, which continues eastward
probably to the crest of the range. The only clue to the structure is given by the red quartz-
ite member, aided by comparison with the simpler structure on the south side of the canyon,
which shows the strata to be folded into a close anticline of vertical dip and an unsymmetrical
syncline with vertical west limb and moderately dipping east limb. Detailed study, however,
may show the vertical strata to be more complexly folded than figure 6 indicates. The struc--
ture on the south side of the canyon (fig. 6) needs no special comment. The lengths of these folds
are not definitely known, but the anticline may extend as far north as the rim of the south fork
of Yellowstone Canyon, where the uppermost limestone beds stand nearly vertical. That the lime-
stoneis probably not far below the surface where the anticline crosses Fool Creek may be inferred

! Loughlin, G. F., Jour. Geology, vol. 21, p. 448, 1913,

2U. 8. Geog. Surveys W. 100th Mer., atlas sheet 50.

3 Gilbert, G. K., Lake Bonneville: U. 8. Geol. Survey Mon. 1, pp. 104, 166, 192, and 193, 1890.
4 Oral information by James Overson, of Leamington, Utah.
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by the proximity of the red member of the quartzite to the top of the limestone in Sevier and
Oak Creek canyons. .

Between Fool Creek and Oak Creek canyons several minor folds can be seen from the
western foothills. In the lower part of Oak Creek canyon a gentle anticline with limbs dipping
about 10° is well exposed. About 2 miles above the mouth this passes into a syncline, both of
‘whose limbs dip 60° to 70°. The syncline, however, is not symmetrical. (See fig. 7.) The
west limb is relatively small, but the east limb is at least 14 miles in horizontal width and brings
the limestone to the surface. The limestone is bounded on the east by the strike fault already
mentioned, which separates it from quartzite of gentle easterly dip. "The actual fault plane or
zone is concealed, but the dips of the strata to either side of it north of the creek suggest a
compression fault. (Seefig. 7.) The fault appears to die out both southward and northward.
Northward it appears to pass into an anticline whose axis is in the limestone; southward its
relation to folding is not so clear, as the axes of the folds there swing southeastward and the
trend of the fault is obscure. East of the fault the quartzite is folded into a rather gentle
syncline and anticline, the anticlinal axis lying just east of the crest of the range.

The character of the folds show that in the central and southern parts of the range the domi-
nant compressive force was eastward, whereas in the northern part the prevailing force was
northwestward. No explanation of this difference in direction is warranted from so brief a
study of this limited area. :
GEOLOGIC HISTORY.

The geologic history of the Canyon Range may be summarized as follows: Deposition of
limestone in early Mississippian and perhaps in still earlier time were followed by deposition of
quartzite which continued during later Mississippian and possibly Pennsylvanian time. The
next recorded event was the folding of these sediments, which presumably took place during
the post-Jurassic upheaval that affected a great part of the Cordilleran region. The period of
folding was followed by one of erosion, during which the rocks were dissected into ridges and
valleys generally similar to those of to-day. The steep east slope along the southern part of
the range, against which the Eocene strata are banked, was evidently formed at this time, and
it is probable that a pronounced valley was developed in the Sevier Canyon syncline. Deposi-
tion during this erosion interval is represented by Cretaceous strata in the country to the south
and east of the Canyon Range, and it is possible that the lowest beds called Eocene in the
Canyon Range are Cretaceous. This deposition continued in the Eocene, during which the crest
of the range was probably entirely covered by conglomerate and sandstone. The volcanic rocks
were erupted in late Eocene or post-Eocene time. )

The volcanic epoch was followed by the period of profound faulting in late Tertiary time
which developed the Basin Ranges. One of these faults extends along the west base of the
range, separating it from another block which moved downward and has left only its cap of
disintegrated Eocene conglomerate above the present surface. A period of rapid erosion fol-
lowed, during which all the Eocene strata were removed from the west side of the range save
‘a few remnants which occupied the heads of old north-south valleys.  During this combined
period of uplift and erosion, Sevier River eroded its channel through the soft Eocene rocks fast
enough to maintain its course. After it had worn through the Eocene strata which formerly
existed on the west side of the present range its course was guided by the pronounced southwest-
pitching syncline, along which, as was just suggested, a valley may have existed in pre-Eocene
time. : : : ‘ ‘
During a late stage in the erosion period, after the outline of the range was developed into
virtually its present form, the surrounding lowlands were covered by the waters of Lake Bonne-
ville, which at their highest (Bonneville) stage occupied Sevier Canyon and formed a land-
locked ‘bay on the east side of the range- -It was in this stage that the fine material of the
lake beds was deposited. Later, during thie Provo stage of the lake, the waters lowered until
they receded from the canyon, and Sevier River resumed its course, cutting its channel into
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the lake beds and building a low delta from Leamington southwestward to Deseret. Final
" recession of the lake waters left the topography essentially as it is to-day. The only noteworthy
work of subsequent erosion was the further cutting of the Sevier channel through the newly

formed delta. A
ORE DEPOSITS.

Ore deposits thus far worked or prospected in the Canyon Range comprise only a few
small bodies of lead or lead-zinc ore in Wood and Yellowstone canyons and some quartz veins
stained with copper carbonates near Fool Creek and Dry canyons. Only two properties, so
far as the writer has learned, have shipped ore.

LEAD AND ZINC.

Y ellowstone mine.—The Yellowstone mine is located in the south fork of Yellowstone Canyon,
about 4 miles southeast of Leamington. The workings include an inclined shaft 200 feet deep,
following the dip of the limestone, about 60° W., and drifts at the 50, 100, and 170 foot levels.
The country rock includes the uppermost beds of limestone. The ore forms small replacement
bodies along the intersection of one of the limestone beds by fissures. On the 50-foot level small
bodies were stoped along the intersection of the bed with a north-south strike fissure and one
body where the bed was somewhat shattered at the intersection of the strike fissure and an
east-west cross fissure. The 100-foot level was inaccessible. The 170-foot level follows the
contact between a shale and limestone bed, along which there is a zone of veinlets, consisting
chiefly of spar (dolomite and calcite), which are said to assay 3 to 4 per cent lead.

The ore stoped consisted principally of galena and cerusite (lead carbonate) in a gangue
of ferruginous -dolomite and calcite spar. A little secondary aragonite was noted on a crust
of ﬁblOllS calcite that lined a pocket along the strike fissure on the 50-foot level. Assays of the
ore have run from 30 to 65 per cent lead, the higher grade carrying 5 to 6 ounces of silver. A
little gold has also been reported. The mine has been worked intermittently and has shipped
only about 15 carloads of ore in over 20 years. No zinc has been found.

Arbroath mine.—The Arbroath shaft is situated about an eighth.of a mile north of the
Yellowstone, in a low spur which separates the south fork from the north fork of Yellowstone
Canyon. The writer did not gain access to the mine, which was idle, but the material on the
dump showed the mineralization to be of the same type as that of the Yellowstone mine. The
ore thus far found during assessment work is reported to be of two grades, the higher carrying
76 per cent lead and 9 ounces silver, and the lower 10 to 11 per cent lead and 1 ounce silver.
Only a small quantity of ore has been found thus far.

Wood Canyon group.—The Wood Canyon group of claims is situated on the north side of
Wood Canyon and includes the uppermost beds of the limestone formation. The mineralized
outcrop is a brown, rust-stained dolomitic bed, containing a large amount of ferruginous dolo-
mite spar, white where fresh and brown where weathered, through which are scattered grains
of galena and yellowish-brown zinc blende. The stained rock is closely associated with two
ﬁssul es, one tending north-south and the other of S. 55° E., both of whose outcrops are marked .
by shallow gulches. Plans for dry concentration of the ore were being considered in the summer
of 1913. No assays, either of crude ore or concentrates, had been made.:

COPPER PROSPECTS.

A small copper prospect in quartzite is situated on the low ridge just north of the mouth of
Fool Creek canyon. The mineralized material thus far found is white vein quartz with numer-
ous minute fractures stained by-films of green and blue copper carbonates, with small spots and
patches of dark brown iron oxide evidently derived through oxidation of pyrite and chalcopyrite.

Other copper and lead prospects have been reported along Dry Canyon, south of Oak Creek,
but the writer’s attempts to get in touch with the owners were not successful, and he could learn
nothing further in regard to the deposits.

37183°—15——>5
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COMPARISON WITH ORES OF OTHER DISTRICTS.

The lead and lead-zinc ores above described are similar in mineralogy and mode of oc¢urrence
to certain ores in the North Tintic, East Tintic, Santaquin, and Mount Nebo districts. These
ores, which as a rule occur rather remote from important bodies of intrusive igneous rock, con-
sist essentially of galena, zinc blende, and more or less pyrite, or oxidation products of these
sulphides, with gangues of dolomite and calcite, and only minor amounts of quartz. Their
silver content is low, averaging as a rule 3 to 5 ounces, but in some deposits rising as high as
8 to 10 ounces per ton. The sizes and shapes of ore bodies vary according to conditions; strong
fissures may contain continuous veins; permeable beds of pure limestone may be rather exten-
sively replaced ; but argillaceous and dolomitic beds have yielded only small bodies of high-grade
sre and a few more extensive bodies of milling ore. The ore bodies of the Canyon Range are
no exception to this rule. Those mined up to the present have replaced dolomitic limestone
beds along their intersections with narrow fissures and are small or of low grade. The higher-
grade ore bodies when found may be mined at no great expense, but the cost of prospecting for
new bodies after old ones have become exhausted is likely to equal or exceed the net receipts-
from ore sales.

In some of the districts above named there are small copper prospects near the lead and
zinc mines. These, according to the writer’s experience, are quartz veins containing chalco-
pyrite and pyrite or their oxidation products and are confined to the siliceous rocks—quartzite,
schist, or granite. The copper prospects of the Canyon Range may, from the meager knowledge
available, be classed with this type. Veins intermediate in composition between these and the
lead and zinc deposits have occasionally been found, and suggest that the two types were derived
from a common source. None of these copper-bearing veins, to the writer’s knowledge, have
yielded steady shipments of ore.



THE MONTANA GROUP OF NORTHWESTERN MONTANA.

By EUGENE STEBINGER.

INTRODUCTION.

Recent field work has shown that the formations of the Montana group in and near the
Blackfeet Indian Reservation of northwestern Montana are very different from those of the
type area of the Judith River and associated formations on Missouri and Musselshell rivers,
in the central part of the State, but similar to the formations in southern Alberta as described
by Dawson. They seem to deserve special description not only because they present new
evidence regarding the relations of the Belly River formation of Canada to the Judith River
formation, but also because they indicate the varying geographic conditions that prevailed
during Cretaceous time in -this region Furthermore, the stratigraphy. as interpreted affords
an excellent example of Vanatlon in sedimentation from the seaward to the landward side of a
zone of deposition.

The Montana group, as here described, was first studied by the writer in the summer of
1911, along Cut Bank Creek and Two Medicine River on the Blackfeet Indian Reservation,
in company with Mr. T. W. Stanton, who has already briefly described some of the features
of this region! and to whom the writer is much indebted for paleontologic determinations
which, especially those for the marine formations encountered, were of great assistance in
interpreting the stratigraphy. During the next two seasons these formations were traced
northward into the type area of the Belly River beds, described by G. M. Dawson 2 in 1885,
‘and eastward into an area of the Judith River formation, as definitely determined by Stanton
and Hatcher ® in 1903. The interpretation of the field relations presented is therefore based
primarily on the areal tracing of the formations, although every conclusion was substantiated
by paleontologic evidence.

FORMATIONS CONSTITUTING THE MONTANA GROUP.

SECTION ON TWO MEDICINE RIVER.

A section showing the complete sequence of the formations of the Montana group in north-
western Montana is exposed along the valley of Two Medicine River in the southern part of the
Blackfeet Indian Reservation, and because of its completeness and of the excellence of the
exposures is offered as a standard for the region. The section extends westward upstream
from the mouth of the river, in T. 31 N., R. 5 W., to a point about 3 miles above the Holy
Family Mission (Family post office), in T. 31 N., R. 9 W. Throughout this distance, about 35
miles, the formations either lie nearly flat or dip slightly westward at an angle rarely exceeding
3°.  As the river runs nearly at a right angle to the strike, it crosses the formations in succession
from younger to older. On the whole the locality is almost ideal for a study of the formations,
the structure being simple and easily determined and the rocks perfectly exposed throughout
most of the distance in the minutely carved badlands along the sides of the valley.

1 Stanton, T. W., Some variations in Upper Cretaceous stratigraphy; presidential address before the Geological Society of Washington, 1912:
Washington Acad. Sei. Jour., vol. 3, pp. 66-69, 1913.
2 Report on the region in the vicinity of the Bow and Belly rivers, Northwest Territory: Canada Geol. Survey Rept. Progress for 18821884,
pp. 1-169¢.
3 Stanton, T. W., and Hatcher, 