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ABSTRACT

Lenticular, discontinuous deposits of volcanic ash occur in western Kan-
sas in at least two stratigraphic positions within the Pliocene Ogallala forma-
tion and in one or more within the Pleistocene strata. To explore the feasi-
bility of stratigraphic correlation by petrographic differences in the volcanic
ash, we have studied 30 samples from 7 Pliocene localities and 34 samples from
17 Pleistocene localities. A color comparison showed a consistent difference.
Chemical analyses showed a lower percentage of iron in the Pleistocene ash.
The specific gravity of the Pleistocene ash is lower than that of the Pliocene
ash. A refractive index of about 1.501 was common to the ash from all but
two localities studied. Diagnostic characteristics of individual shards from the
Pleistocene samples are numerous elongated vesicles, smaller radius of curva-
ture, and greater abundance of rodlike fragments. Minor differences within
the group suggest the occurrence of three ash falls within the Pliocene. All
but two samples of Pleistocene ash are believed to represent a single fall.

INTRODUCTION

Somewhat more than 90 percent of the surface area of western
Kansas is mantled by deposits of Pliocene, Pleistocene, and Recent
age. The volcanic ash deposits studied occur as lentils in several
stratigraphic positions within the Ogallala formation of Pliocene
age and the younger Pleistocene strata. For many years Kansas
has been a leading state in the commercial production of volcanic
ash, or “pumicite,” and a large number of deposits of this material
have been located and recorded. In 1928 Landes (pp. 19-46) re-
ferred to 109 known localities of volcanic ash in 29 Kansas counties,
and in 1942 Schoewe (in Jewett and Schoewe, 1942, p. 170) re-
ported at least 115 localities of ash in 36 Kansas counties.- Since the
publication of these reports, several additional localities have been
found. However, most of the deposits of major commercial value
have been known for many years, and one of the largest pits has
been in operation for nearly 40 years (Pl. 1A).

Prior to the past decade and a half, the surficial mantle of west-
ern Kansas was generally considered to belong largely to the
Ogallala formation. Recent detailed studies have resulted in the
placement within the Pleistocene of a large percentage of these
deposits, and, further, in the subdivision of the Pleistocene strata
in different parts of the state into named stratigraphic units (Frye,
1945). The most extensive ash horizon of southwestern Kansas,
the “Pearlette ash,” occurs within the Meade formation, and Hib-
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4 Geological Survey of Kansas—1946 Reports of Studies

bard (1944) has collected vertebrate fossils of definite Pleistocene
age from below this ash at many localities. Other deposits of ash
within the Pleistocene strata may be in the same or somewhat dif-
ferent stratigraphic positions. In northern Kansas, particularly in
Norton County, extensive deposits of ash occur within the part of
the Ogallala formation known as the Krynitzkia zone, and ash that
may also belong to the Ogallala but in a higher stratigraphic po-
sition was observed in one section. Volcanic ash is known to occur
in several stratigraphic positions within the Tertiary and Quater-
nary formations beyond the boundaries of Kansas in the Great
Plains region.

The present petrographic study was undertaken to determine
if significant differences exist among the various ash deposits, and
if so, to determine whether these differences could be correlated
with age and thus be of value for stratigraphic purposes. Bentonite
beds have long been used as stratigraphic markers because of
their continuity and position independent of facies changes. The
chief petrographic problem in the stratigraphic use of ben-
tonites has been the positive identification in the clay of vol-
canic material, such as glass shards and characteristic volcanic
minerals (Pirsson, 1915; Ross, 1925, 1928) and they have been
differentiated chiefly upon their relative stratigraphic positions.
Unaltered volcanic ash offers a greater possibility of correlation
on the basis of physical characteristics than does bentonite. In a
region of continental Tertiary and Quaternary deposition such as
the Central Great Plains, where individual members of formations
cannot be traced over long distances, a petrographic approach to a
study of the ash may supply information where other data are ab-
sent. The purposes of this paper are (1) the discussion of several
properties of volcanic ash which may be used to differentiate be-
tween ash falls, with suggestion of their limitations; and (2) the
application of some of these criteria to volcanic ash deposits in
Kansas. As a prime objective was to determine differences be-
tween deposits of different ages, only samples from lentils whose
stratigraphic position was established by paleontological or strati-
graphic methods were considered.

Thanks are expressed to F. J. Pettijohn and R. C. Moore who
have read and criticized the manuscript.
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Volcanic Ash from Western Kansas 5

PETROGRAPHY OF VOLCANIC ASH

The type of material found in volcanic ash deposits depends on
the kind of source rock emitted by the volcano or volcanoes, and
the modification of this source material by selective transport and
by contamination during transport or deposition. Differential al-
teration also is a factor that may modify the characteristics of an
ash deposit. In earlier petrographic studies of volcanic ash, sev-
eral characteristics have been described, among which color, par-
ticle size and shape, composition, types of inclusions or vesicles,
and degree of alteration have been given most attention. These
properties will be discussed individually in terms of their value for
purposes of correlation, and possible effects of selective transport,
contamination, and alteration will be pointed out.

COMPOSITION

Both lithology and chemical composition are generally used in
the description of volcanic ash deposits. Mineral and chemical
composition have been employed in determining source area (Mer-
rill, 1885; Turner, 1892), in studying the degree of magmatic dif-
ferentiation over a period of years (Falconer, 1902; Bonney, 1903),
in determining the genetic relationship of two volcanic regions
(Teall, 1902), and in distinguishing between beds of ash in a re-
lated series (Powers, 1941; Allison, 1945). The refractive index of
glass particles has been used to estimate their chemical composition
(George, 1924, pp. 364-366; Allison, 1945), to determine their
source (Herold, 1937), and to determine variations within and be-
tween formational members (Bailey, 1926, pp. 118-120). The fact
that composition has been considered of paramount importance in
the description of volcanic ash is illustrated by the wide use in de-
scriptive studies of Pirsson’s (1915) classification of tuff, based on
composition, as vitric, crystal, and lithic. More recently, Went-
worth and Williams (1932, pp. 21-24) have reviewed several class-
ifications of the pyroclastic sediments based in part on composition,
but the classification proposed by them depends primarily on par-
ticle size and origin.

Minor differences in composition may prove to be of value in
detailed studies. Montgomery (1895) noted that several ash de-
posits in Utah and northwestern Colorado gave a slight acid re-
action in water, which he attributed to a sulfur compound.

Google



6 Geological Survey of Kansas—1946 Reports of Studies

Diller (1884) observed that selective transport plays an im-
portant role in determining the relative abundance of volcanic
mineral grains and glass particles in an ash fall inasmuch as the
thin glass particles are carried farther from the volcano by wind.
This condition was shown by him to produce an increase in per-
centage of silica with greater distance from the vent; consequently,
ash at a great distance will be more acidic than the magma from
which it was derived, and ash close to the volcano less acidic if
crystallization had begun at the time of eruption. In reporting an
ash fall from which samples were collected at points at least 250
miles apart, Smith (1912) found no variation in the quantity of
ash, but noted slight variations in the amount of magnetite present.
The chemical composition cannot be expected to be diagnostic of a
particular ash bed over large distances unless the vent is remote
or volcanic mineral grains are absent. It is believed that selective
transport had little sorting influence on the refractive index of the
glass shards from the samples examined by us.

Contamination by sediments during transport or deposition or
during reworking of ash may mask the volecanic mineral suite, but
under most circumstances the presence of nonvolcanic minerals in-
dicates that contamination has taken place.

PARTICLE S1ZE

Size of the particles is commonly noted in descriptions of vol-
canic ash beds, and in at least two instances (Todd, 1897; Buttram,
1914, pp. 48, 49) ash coarser than that of near-by deposits has been
assigned to a different horizon. Dorell (1938) found that mechan-
ical analyses were of value in the correlation of bentonite beds in
the Pierre shale of eastern Colorado, and wrote, “The size distribu-
tion of bentonites is of value in correlation only in areas of uniform
deposition.”

Decrease in average size in a direction away from the source
has been reported by many geologists (Barbour, 1898; Capps, 1915;
Landes, 1928, p. 17; Landes, 1928a, p. 936). Buttram (1914, p. 48)
observed a general decrease in size of ash particles toward the east
in Oklahoma, except for samples from one locality. This led him
to the conclusion that the anomalous locality represented a dif-
ferent ash fall—a hypothesis which was supported by additional
evidence from particle shape. Particle size of unweathered ash in
any one deposit is determined not only by distance from the source
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Volcanic Ash from Western Kansas 7

but also by size of particles emitted from the volcano, velocity of
transporting wind, and, in the case of subaqueous deposits, water
velocity.

PARTICLE SHAPE

Pirsson (1915, pp. 194-198) described glass particle shape in
some detail, and Ross (1928, p. 146) later wrote that glassy frag-
ments assume three principal habits, as follows:

One type is composed of fragments of glass that once inclosed rounded bub-
bles and consists of curved or lune-shaped fragments of the bubble walls, or
Y-shaped fragments that were formed where three bubbles were in close
proximity, and of double-concave plates that formed the wall between two
adjoining bubbles. A second type is made up of nearly flat glass plates that
were formed by the fragmentation of the walls that inclosed large flattened
lens-shaped vesicular cavities. The third type has a fibrous structure and
represents pumice fragments with minute elongated vesicular cavities and the
inclosing glass walls. . . . ’

Neither Pirsson nor Ross, however, indicated that particle shape
could be used in the differentiation of ash falls. Buttram’s observa-
tion of a different particle shape in one locality in Oklahoma has
already been noted. He described the shape of ash particles from
this locality as “angular and lenticular,” and from other localities
merely as “angular.” Barbour (1898, p. 25) found that some ash
beds in the Great Plains had flat, nonvesicular, glassy scales, and
that ash from other beds seemed to be “as vesicular, as angular,
and as well suited to purposes of abrasion as the best pumice of our
markets.” Woolsey (1906, p. 478) in his description of volcanic ash
near Durango, Colorado, wrote that the particles were flat glassy
scales, and were not as good as some other ash for cleaning pur-
poses. The effect of selective transport on particle shape of vol-
canic glass deposits remains to be investigated. Local concentra-
tion of unbroken bubbles where ash has fallen into water is pos-

sible.
TyPES oF VESICLES AND INCLUSIONS

The presence or absence of vesicles in glass shards is closely re-
lated to the shapes of the particles. The vesicles may be spherical,
flattened with circular outline, or greatly elongated, and in some
cases curved. They may be pear-shaped or round at one end and
tapering at the other, and they may be arranged in groups as de-
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8 Geological Survey of Kansas—1946 Reports of Studies

scribed by Ross (1928, p. 146). Hanna (1926, p. 94) described
glass flakes from a core in Louisiana as “minutely perforated.”
Mineral inclusions may be either primary or produced by al-
teration of the glass. Alteration products are generally recognized
as nonvolcanic minerals and may not be valid means of comparison.

DEGREE OF ALTERATION

The term alteration as used here refers to the effects of de-
vitrification and weathering, which may occur singly or simul-
taneously. Altered glass shards are characterized by a clouded or
mottled appearance of the glass and abundance of polarizing par-
ticles and inclusions, and are generally associated with cemented
aggregates, the composition of which is difficult to determine by
petrographic methods. The amount of alteration which has taken
place is a conceivable means of correlation where deposits are of
greatly different ages; if other conditions are equal, the degree of
alteration should be closely related to the age of the ash. The value
of the relative degree of alteration of the ash as a means of corre-
lation may be tested by comparison of samples of known age.

CoLor

The colors of the deposits have commonly been described in
papers concerning volcanic ash. In most instances the color de-
scription is megascopic. Color was used by Landes (1928a, pp. 932,
933) in his comparison of Tertiary and Pleistocene ash deposits of
Kansas and by others in detailed descriptions of series of ash beds
(Gardner, 1923; Wanless, 1923, pp. 231-236; Bailey, 1926; Allison,
1945). Colors described have included white, light to dark gray,
bluish gray, brown, bufl, pinkish, red, and green. Several factors
that may control or modify the color of an ash deposit include
original composition, particle size, introduction of nonvolcanic
material in the form of either clastics or cement, and weathering or
devitrification. '

Original composition of the ash.—Studies of recent ash falls
show that there is great variation, that consecutive falls from the
same source are sometimes different in color (Fry, 1912), and that
there may be a progressive change in color during one fall (Flett,
1902). Most vitric ash is lighter in color than crystalline ash, al-
though the basaltic ash known as palagonite consists of particles of
brown glass (Pirsson, 1915, p. 199).
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Volcanic Ash from Western Kansas 9

Particle size—Barbour (1898, p. 24) found that the coarser ash
in Colorado, Wyoming, and Montana was dirty and ochreous,
whereas the finer ash of Kansas, Nebraska, and South Dakota was
white in color, thus implying that the color becomes lighter with
decrease in size. Flett (1902) found no color differences between
size grades in ash that fell on Barbados after the eruption at St.
Vincent. Bonney (1903) on the other hand, found that the finest
fraction of volcanic dust from the Soufriére showed a distinct
“warm-brown” tint, whereas the sample as a whole was of a dull
dark-brown color speckled with a lighter tint. Color comparisons
of volcanic ash samples should be made on the same size fraction.

Contamination by nonvolcanic material —Rowe (1903, p. 7) in
Montana and Buttram (1914, p. 30) in Oklahoma observed that no
two volcanic ash beds had exactly the same tint, and Buttram at-
tributed the lack of uniformity to adulteration with other sub-
stances. The presence of sand or silt may give volcanic ash a buff,
yellowish, or reddish tint. Small insects trapped by an ash fall
produce a brownish color. Color comparisons should be preceded
by microscopic examination, and those samples or size fractions
containing a large amount of foreign material should not be used.

Weathering and devitrification.—Alterations of volcanic glass
to montmorillonite or beidellite may give the sample a yellowish
or greenish tint. Some other forms of alteration apparently make
the ash whiter. Color comparisons for purposes of correlation
should be restricted to fresh ash.

CHARACTERISTICS OF PLIOCENE AND PLEISTOCENE
VOLCANIC ASH

STRATIGRAPHY

The oldest volcanic ash studied by us is Pliocene in age and
occurs low within the Ogallala formation of Norton County, Kan-
sas (Pl. 1B). Exposures of Ogallala along the south bluffs of
Prairie Dog Creek were studied by M. K. Elias and John C. Frye
during the summer of 1945. A maximum of 6.5 feet of ash occurs in
this area and its characteristics are shown by sample no. 1, Table
1 (PL 1C). The ash occurs at the top of Elias’ (1942) Krynitzkia
coroniformis zone and below his Biorbia zone, as do all but one of
the Ogallala volcanic ash localities studied from Kansas. A strati-
graphic section measured south of Almena. Kansas, is given below.
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10  Geological Survey of Kansas—1946 Reports of Studies

Section measured south of Almena, W% sec. 16, T. 2 S., R. 21 W., Norton
County, Kansas, by M. K. Elias and John C. Frye
Thickness,
feet
Pleistocene
22. Silt and fine sand, buff, contains nodules of calcium carbonate 4.+
Ogallala formation
21. Limestone, porous, hard, light cream; contains abundant
gastropod molds ... 3.0
20. Covered. Two feet of mortar bed exposed about midway ........ 35.0
19. Sand, silty, fine to medium, loosely cemented with calcium
carbonate; contains Biorbia fossilia (Berry), Berryochloa am-

phoralis, and Celtis willistoni (Cockerell) ... 6.4

18. Covered. Unconsolidated silt and sand, buff, poorly exposed
at a few places ... 320

17. Sand, coarse to fine, and some silt; cemented with calcium
CarbONaAte ... ... e 1.0

16. Sand, fine to medium, buff; contains a small amount of calcium
carbonate cement ... 5.0

15. Volcanic ash, sandy at base (becomes impure to south) ; upper
part locally cemented with calcium carbonate ........................ 6.5

14. Silt and sand cemented with calcium carbonate, roughly
bedded; contains Krynitzkia coroniformis Elias ...................... 6.5

13. Partly covered. Calcareous clay silt, greenish gray at top; buff

silt and very fine sand with calcium carbonate concretions in
middle; and greenish-gray calcareous clay silt at base ............ 20.0
12. Silt, sand, and calcium carbonate ... 4.0

11. Sandy silt, buff, locally unevenly cemented with calcium car-
DONALE .. e 0.7
10. Silt, sand, and calcium carbonate, massive, light greemsh buff 69
9. Sand, ﬁne to medium, pale greenish tan ............... 3.7
8. Silt, sand, and clay, calcareous greenish brown .. .. 30
7. Silt, clay, and sand, greenish brown ... .. 18
6. Sand and some gravel .. . e .. 30
5. Sand, clay, and silt, greemsh brown ............................ .. 25
4. Sand, medium, poorly sorted, uncemented, brown ... 3.0
3. COVEIed ..ot 4.0
2. Limestone, porous, hard. white: contains gastropod molds ........ 1.0

1. Covered to level of railroad tracks. Top of Cretaceous occurs
in this interval ... e 13.0

The Ogallala of Nebraska has been considered by Lugn (1939,
pp. 1258-1264) as a group with the following formations, in ascend-
ing order: Valentine, Ash Hollow, Sidney, and Kimball. The
fossil seed Krynitzkia coroniformis Elias is considered by Elias
(1942, p. 138) to be characteristic of the lower Ash Hollow, and he
considers the zone of Biorbia fossilia (Berry) to occur immediately
above the Krynitzkia zone and to include the middle and upper
parts of the Ash Hollow (Elias, 1942, pp. 139-145) . Thus the exten-
sive Ogallala volcanic ash of Norton County, Kansas, probably oc-
curs within the lower part of the Ash Hollow formation of Ne-
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Volcanic Ash from Western Kansas 11

braska classification and somewhat below the mid point of the
Ogallala formation as used in Kansas.

Four samples of Ogallala ash, nos. 22 to 25, were collected from
one locality at a stratigraphic position that may be somewhat
higher in the section, as fossil seeds, identified by M. K. Elias as
Biorbia fossilia (Berry), were collected from below the ash.

A sample of volcanic ash (no. 30) was collected from the Plio-
cene deposits of Hemphill County, Texas, from locality 20 de-
scribed by Reed and Longnecker (1932, pp. 57, 58). They assigned
the beds at this locality to the uppermost part of the “middle beds”
of the lower Pliocene. More recently (Wood, 1941, pl. 1, p. 12) the
fauna collected from these beds has been assigned to the mid-Plio-
cene; therefore, this ash may be as young as, if not younger than,
the extensive ash deposits of Norton County, Kansas.

Volcanic ash deposits, now considered to be of Pleistocene age,
have been known from southwestern Kansas for many years. In
1896 Cragin first applied a stratigraphic name, the ‘“Pearlette ash,”
to the deposits in Meade County and vicinity. In 1941, Frye and
Hibbard (pp. 410-419) placed the extensive ash deposits of that
area in the Meade formation of Pleistocene age, and Hibbard
(1944) has described vertebrate fossils, which comprise his Cud-
ahy fauna, from several localities immediately below the exten-
sive ash of this region. He (Hibbard, 1944, p. 718) derived the
name of the Cudahy fauna from the large volcanic ash pit (samples
no. 32-39) north of the city of Meade.

Volcanic ash occurs within Pleistocene terrace deposits (Frye,
Leonard, and Hibbard, 1943) of central Kansas that may represent
a western extension of the McPherson formation. At several lo-
calities vertebrate fossils typical of Hibbard’s Cudahy fauna have
been collected from immediately below the ash. A measured sec-
tion from Lincoln County, Kansas, described by Frye, Leonard and
Hibbard (1943, p. 39) is given below.

Other localities of volcanic ash of known Pleistocene age occur
in central and northern Kansas. In most instances the beds includ-
ing these deposits have not been assigned to named stratigraphic
units. At a few places in northwestern Kansas volcanic ash
(samples no. 57-61 ) occurs within strata classified as the Sanborn
formation of middle to upper Pleistocene age.

For comparative purposes two samples of Pleistocene ash from
Nebraska were studied. According to E. C. Reed (personal com-
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12 Geological Survey of Kansas—1946 Reports of Studies

Section measured in sec. 28, T. 13 S., R. 10 W., Lincoln County, Kansas
Thickness,
Quaternary feet

3. Sand. fine, thin-bedded to laminated: grades upward into mas-
sive silt and fine sand: less sandy toward top, tan to reddish
buff. Caliche nodules are distributed throughout the upper
half e 270

2. Volcanic ash, thin-bedded; upper part interbedded with fine
sand. Upper part of interval partly covered (samples no. 51-
) e e 7.0
1. Sand and silt. gray, grading upward into gray, sandy. silty
clay. Upper 18 inches contains rich molluscan fauna. Base of
section at creek level ... ... e 11.0

munication dated December 19, 1945) the deposit near Inavale in
Webster County (sample no. 62) occurs above beds classed as Up-
land formation and below deposits assigned to the Loveland forma-
tion, and the deposit mined by the LaRue-Axtell Pumice Com-
pany near Eustis (sample no. 63) occurs at the base of or imme-
diately below deposits classed as Loveland formation. A sample of
ash from Beaver County, Oklahoma (sample no. 64) was collected
from beds of Pleistocene age that have been assigned to the Meade
formation.

SAMPLING AND LABORATORY PROCEDURE

The geographic distribution of the volcanic ash deposits sam-
pled for this study is shown in Figure 1. The Pleistocene samples
are from an area extending 230 miles in a north-south direction,
from northwestern Oklahoma to Nebraska, and about 130 miles
east-west, from McPherson County to Seward County, Kansas.
All but one of the Pliocene samples studied were collected from
Norton County, Kansas. However, samples no. 30, from Hemphill
County, Texas, and no. 1, from Norton County, Kansas, represent
a north-south range of about 275 miles.

Field samples were collected wherever possible from vertical
races of commercial pits and fresh road cuts. Where natural ex-
posures were used, care was taken to clear away slump material
so that representative samples would be obtained. Where the ex-
posures were adequate, a sequence of channel samples was taken
through the entire thickness of the bhed, supplemented by spot
samples at several positions. At localities where this was not pos-
sible, channel samples were collected {from the exposed thickness,
and spot samples only were collected at a few places. Fifty-three
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Volcanic Ash from Western Kansas 13

samples from 13 localities were collected by us; 12 samples from 12
localities were obtained from the industrial minerals file of the
State Geological Survey of Kansas, and furnished by Norman
Plummer, S. C. Happ, R. H. Dott, and the LaRue-Axtell Pumice
Company.

.[‘-u.. BT T O [ T
N |

a l” = Mow ca [rienan
<
o | |
I NEBP ASK
- AN S T TR T T AR TR e T
o 2629 | x
o [ ‘ xig 20
N X

l : | 2226 X2

1

~ N
: 7Y e,
| 3
|I ' i o ‘ I
M .. i R ANS A .
e C v L A WOoMAE T ——ni—--
) A 60
| |
]
. [0} »K ) ‘L OMa e QO Samples from  Pleistocene strcto
( e : TEXAS T Tomleee x Samp'es tom  Poocene  sirata
H v
N B 1
ks . - T ! 7 e~ e
‘ | |
i
\ | RE )
. I 1
1 i t ]

Fi6. 1. Map of western Kansas and adjacent area showing locations of ash
deposits studied.
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14  Geological Survey of Kansas—1946 Reports of Studies

In the laboratory the samples were dried and split and sieve
analyses were made. Each sample was studied by use of binocular
and petrographic microscopes, and megascopic color comparisons
of several size grades were made. The chemical composition of se-
lected samples was determined by Frances Schloesser in the lab-
oratory of the State Geological Survey of Kansas.

Sieve analyses were made by use of a Ro-Tap sieve shaker
equipped with screens of half Wentworth grades from 0.71 mm to
0.062 mm. About 40 grams of sample was placed on the screens
and agitated for 10 minutes. The error in the coarser fractions re-
sulting from aggregates was corrected by visual estimate by bi-
nocular microscope.

The amount of alteration, particle shape, general appearance,
and percentage of contaminating materials were studied by use of
a binocular microscope. A petrographic microscope was used to
determine minerals present as original constituents of the ash, as
contaminant, and as alteration products. The internal texture of
the individual shards and their refractive indices were also studied
under the petrographic microscope. Early in the investigation all
size grades of several samples were studied in this manner to as-
certain if these features varied with particle size. It was deter-
mined that particle size had no significant effect and the size grades
0.088 mm to 0.125 mm and 0.125 mm to 0.177 mm were selected for
detailed study. Refractive indices were determined by the immer-
sion method with central illumination. Liquids used were at in-
tervals of 0.005 and were checked frequently with thermometer
and refractometer. Comparisons of the various samples were made
under similar conditions, so that any error would repeat itself.
Thus, although the absolute error in the estimation of refractive
index may have been =+0.003 or =+0.004, the relative error was
more nearly +-0.001 and certainly less than +=0.002.

Color determinations were made of the size grade finer than
0.062 mm by megascopic comparison with the Ridgway (1912)
color plates. This size grade was used because it constituted the
major grade of most samples, it contained the smallest percentage
of extraneous material, and preliminary observation showed the
color differences between Pliocene and Pleistocene ash to be at a
maximum in this grade.

Specific gravity determinations of nine samples containing
little detrital material or alteration products were made by pycnom-
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Volcanic Ash from Western Kansas 15

eter. The size grades 0.177 to 0.125 and 0.088 to 0.062 mm were
used.
PETROGRAPHIC CHARACTERISTICS

Composition.—Abraded grains of quartz and other substances
believed to be contaminants were excluded in considering the
composition of the ash. Substances entering into the composition
of the ash are the shards, their included minerals and alteration
products, and possibly a few volcanic mineral grains. One sample
from Webster County, Nebraska (no. 62) contained a considerable
number of biotite flakes. As detrital quartz grains were rare in this
sample, the biotite is believed to have been part of the ash fall.

Twenty-seven partial chemical analyses of samples from 13
localities were made. Of these analyses, 18 were of Ogallala ash
and 9 of Pleistocene material. The results are shown in Table 2.
For the 27 analyses, silica ranged from 70.58 to 75.50 percent;
alumina from 10.42 to 14.98 percent; lime from 0.07 to 1.64 percent;
and loss on ignition from 2.60 to 8.51 percent. In each case, the ex-
treme limits are furnished by samples of Ogallala ash, and the
range of the Pleistocene samples lies entirely within the range of
the Pliocene samples. Ferric oxide presents an exception, as this
ingredient ranged from 1.66 to 3.09 percent in the Pliocene samples
with an average of 2.26, whereas the range of the Pleistocene
samples was 1.43 to 2.07 percent with an average of 1.68 percent.
Only two samples of Pliocene ash contained less than 1.97 precent,
whereas only one sample of Pleistocene ash contained more than
this amount.

In all samples most of the shards had approximately the same
refractive index; that is, the range was less than 0.003. The ash
from all localities, except two of Pliocene age, had a refractive in-
dex of 1.499 to 1.502. Of the Pliocene samples, nos. 26 to 29 had a
refractive index of about 1.506 to 1.507. These samples were col-
lected from a natural exposure in the NW; NEY; sec. 36, T.2 S,
R. 25 W., Norton County, Kansas, and the beds immediately above
the ash yielded fossil seeds identified by M. K. Elias as Biorbia
fossilia (Berry). This stratigraphic position below beds containing
Biorbia indicates that it may be at the same horizon as the ash at
the Calvert mine and elsewhere in Norton County, but as the zone
of Biorbia is quite thick in this region and as no Krynitzkia were
found at this locality, its position might be as much as 35 to 40 feet
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22  Geological Survey of Kansas—1946 Reports of Studies

TaBLE 2.—Chemical composition of 27 samples of volcanic ash from Kansas

and Texas
& §
n‘ ~ - —
E s ) ° °. Q S X zz
a2 @ < 4 S s z R
1 73.80 13.09 246 111 (6.50) 3.04
2 72.09 11.68 242 0.62 (8.14) 5.05
3 72.50 10.42 2.34 0.67 (9.07) 5.00
5 72.48 11.64 220 0.07 (8.96) 465
6 71.73 14.04 2.22 0.65 (6.92) 444
7 72.00 10.80 2.25 0.63 (9.91) 441
8 72.41 12.09 2.38 0.59 (6.56) 597
9 72.47 13.61 2.16 0.68 (5.92) 5.16
10 72.56 11.99 239 0.78 (6.63) 5.65
13 70.97 11.75 1.97 1.64 (8.10) 557
14 70.58 14.98 1.66 1.10 (7.34) 434
15 71.53 11.57 249 1.07 (9.29) 4.05
16 71.37 13.46 3.09 0.83 (6.62) 4.63
22 73.87 12.75 2.22 1.14 (5.94) 4.08
23 72.10 13.16 2.22 0.84 (7.03) 4.65
24 7431 12.90 1.66 141 (1.12) 2.60
26 7550°  11.15 2.06 1.26 (6.25) 3.78
30 71.55 12.30 2.54 0.93 1.85 (2.32) 8.51
31 74.34 12.40 2.07 0.64 0.65 5.59 424
35 72.64 12.06 1.67 0.74 (8.65) 4.24
36 71.95 12.65 1.43 0.80 (9.04) 413
39 71.26 13.13 1.50 0.80 (9.13) 418
41 71.16 11.70 147 1.46 0.38 (9.97) 3.86
51 7277 13.87 1.82 0.87 (7.52) 315
52 73.02 13.20 1.77 0.70 (8.04) 3.27
56 73.30 14.46 1.54 1.00 0.21 5.64 4.60°
60 72.83 14.38 1.84 0.56 (4.86) 553

t Calculated values indicated by parentheses.
2 This sample contains about 6 percent quartz sand.
¥ Includes moisture.

higher within the Ogallala. Sample no. 30, from Hemphill County,
Texas, had an index of about 1.496. In several samples we observed
a few shards with indices that diverged more than 0.004 from the
refractive index of most of them. In the case of most Pleistocene
samples this divergence was below the normal, while in a few
Pliocene samples some shards possessed indices higher than the
normal. One sample (no. 46) collected from a thin bed lying strati-
graphically above the widespread ash in McPherson County seems
to have a very slightly higher index than that of the other Pleis-
tocene samples, and has a few grains higher, rather than lower,
than the average index.

A refractive index of about 1.50 is to be expected in natural
glass containing 71 to 75 percent SiO., as has been shown by
George (1924, p. 365). He wrote that weathering and partial oxi-
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Volcanic Ash from Western Kansas 23

dation may cause considerable variation in the refractive index in
a single specimen, but found no variations “in those rocks which
under the microscope appear to be pure glass and uniform in color.”

Particle size—The results of sieve analyses made of each
sample studied are presented in Table 3. These analyses are not
significant with regard to geographic distribution or age. Sequence
samples collected at three Pliocene localities showed the lower part
of the bed to be coarser textured than the upper part of the de-
posit. In all but nine samples more than 50 percent of the sample
by weight passed through the 0.062 mm sieve. It was noted in
samples showing the effects of alteration (samples no. 26, 39, 62,
and 64) that the finest fraction contains a sizable percentage of
monomineral grains. This indicates that such alteration has re-
sulted in reducing the average grain size of the sample, where ag-
gregates are not considered.

Particle shape.—A consistent difference in the shape of the indi-
vidual shards of Pliocene and Pleistocene ash was observed (note
Fig. 2). The shards of Pliocene ash are flatter than those of Pleisto-
cene ash, they generally possess fewer ridges caused by the junc-
ture of glass bubbles, and the bubble walls are thinner. These fea-
tures give the Pliocene ash a platy or micaceous appearance when
compared under the microscope with the more angular Pleisto-
cene material, and give the Pliocene ash a noticeably less gritty
“feel” when rubbed between the fingers. Elongate fibrous glassy
fragments (Fig. 2, j) similar to the third type described by Ross
(1928, p. 146) were observed in the Pleistocene samples.

Types of vesicles and inclusions.—A marked difference was
found to occur consistently in the internal texture of ash shards of
the two different ages (note Fig. 3). The Pleistocene ash is char-
acterized by many shards containing numerous elongated vesicles,
commonly arranged in clusters or groups, whereas the ash shards
from the Ogallala contain very few vesicles, and the few that were
observed were not consistent as to shape. In some instances elon-
gate parallel vesicles were found to be open at one or both ends
where they intersect the surface of the shard (Fig. 3,1). At sev-
eral Pleistocene localities the characteristic vesicles were most
abundant in shards from the upper part of the deposit. Few min-

eral inclusions were found in the fresh shards of all samples
studied.

Google



QOriginal from
UNIVERSITY OF CALIFORNIA

Digitized by Google

916006-sn-pdgasn ssadoe/Bao 1snaiTyiey mmm//:dily / pazritbip-216009 ‘saieis paiTun Syl UT uTewoq dT1qnd
1G0L18€EG 1oN/LZ0Z/33u 2 \puey 1py//:sdizy / 1W9 T0:0Z OZ-60-£20Z UO sesuey 4o AITSISATUN 3 pa3edausy



Volcanic Ash from Western Kansas 25

Color.—As was described by Landes (1928a, pp. 932, 933) a
recognizable color difference between the samples of the two ages
was observed. In general, the Pleistocene ash has more orange-
yellow and less gray than does the Pliocene ash. The Ridgway
color notation for each sample is given in Table 1.

Degree of alteration.—In all cases where alteration minerals
were recognizable with a petrographic microscope they displayed
no stratigraphic or geographic significance. All alteration fea-
tures, except color changes, were common to volecanic ash of both
ages. A larger percentage of the Pliocene than of the Pleistocene
samples studied showed effects of alteration. In one sample of each
age alteration took the form of narrow anisotropic boundaries
around the thin edges of the glass shards. The most altered
samples contained many aggregates, yellowish brown or white in
color, the composition of which was not determined. Judging from
the few altered samples studied, the color of the deposits is modi-
fied by alteration to produce tints of yellow, orange-yellow, and
green in the Pliocene deposits, whereas paler tints or even white
result in the Pleistocene deposits. It is possible that this difference
is due to the greater percentage of iron in the Pliocene ash.

Specific gravity.—Values for the specific gravity of 7 Pliocene
and 11 Pleistocene samples are given in Table 4. No significant
differences were found between size grades except in sample no.
60. The specific gravity of the Pliocene samples studied ranges
from 2.33 to 2.39, and that of the Pleistocene samples from 2.20 to
2.32.

The differences in specific gravity between Pliocene and Pleis-
tocene samples may be due to one or both of two factors: (1) the
presence of numerous vesicles in the Pleistocene ash, and (2) the
higher percentage of iron in the Pliocene material. George (1924,
p. 363) plotted specific gravity of natural glasses against percentage
of iron oxides and other constituents, and showed that glasses con-
taining less than 2 percent iron oxides had a specific gravity of less
than 2.33, whereas those with more than 2 percent had a higher
gravity. The fact that in the samples here described iron oxide
content alone is not the controling factor as to gravity is shown by
the lack of consistency of relationship of iron content to gravity in

the samples determined, particularly in those of Pleistocene age
(Fig. 4).
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Fic. 4. Relation of specific gravity (0.088-0.062 mm fraction) to percentage of
ferric oxide in several volcanic ash samples. Pliocene samples are designated
by crosses, Pleistocene samples by circles.

George (1924, p. 362) showed the effect of fine pores on spe-
cific gravity determinations by grinding a specimen of pumice to
several degrees of fineness and getting a variation of from 2.249 to
2.389. Sample no. 60 of the present study was collected from a small
cross-bedded lens which contained coarser and more vesicular
shards than the surrounding ash. The specific gravity of ash from
this lens was lower than that of the comparable grade size from the
surrounding ash, and in the coarser fraction possessed the lowest
specific gravity of any sample determined. This observation indi-
cates that the relative abundance of vesicles in the shards may have
an important bearing on the specific gravity. Whether the dif-
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TaABLE 3. Size distribution of volcanic ash samples
Size distribution in mm (percent by weight)
v -] o (=4

2 n = 2 3 & 4
a, ) v N - K T N
Eg 0 v 8 & & 8 2
K2z ~ n L] L ] - ]

1 0.1 11 25 6.6 13.7 116 64.5

2 0.0 0.3 13 3.7 101 10.5 740

3 0.0 0.1 08 20 55 119 133 66.5

4 0.0 01 11 4.7 91 17.2 153 524

5 0.0 03 0.8 1.6 39 46 889

6 0.0 04 14 6.3 120 15.0 64.9

7 0.0 03 22 8.0 19.5 263 126 311

8 0.0 0.1 09 33 8.6 16.0 13.0 58.1

9 0.1 1.2 31 9.1 17.7 154 53.3
10 0.1 0.5 16 5.5 11.8 124 68.0
11 0.0 0.2 0.8 24 6.2 145 149 61.1
12 0.7 1.0 5.6 153 351 220 20.5
13 0.2 23 115 226 301 21.6 71 4.6
14 0.0 01 15 26 5.0 14.0 145 62.3
15 0.0 0.0 04 15 55 91 83.4
16 0.0 03 08 18 39 70 6.7 795
17 0.2 0.0 09 239 176 573
18 0.0 20 6.4 154 18.2 57.9
19 0.0 0.8 4.3 9.0 165 21.7 47.7
20 0.0 13 2.6 7.2 188 18.6 51.6
21 03 2.7 6.4 13.0 126 65.0
22 0.0 25 71 8.5 819
23 0.0 0.0 0.0 13 6.1 178 74.7
24 0.0 09 26 85 194 68.6
25 0.0 01 24 9.8 218 18.0 478
26 04 2.7 52 91.7
27 0.0 0.0 1.0 3.6 59 89.5
28 0.1 1.0 41 6.0 88.7
29 0.1 0.3 1.0 32 5.2 90.3
30 0.0 11 2.8 5.1 84 88 738
31 0.0 00 0.1 0.5 1.7 5.6 83 83.8
32 0.0 0.5 13 41 10.6 10.9 72.6
33 01 09 2.7 6.5 16.2 18.1 55.5
34 0.0 0.3 11 3.1 10.8 13.8 709
35 0.0 0.2 11 2.7 9.0 11.7 75.3
36 0.0 0.0 04 09 3.0 9.1 9.2 775
37 0.0 0.0 0.2 1.2 34 9.7 100 75.4
38 0.0 0.0 0.2 13 38 11.3 114 721
39 0.0 0.0 0.5 14 2.6 95.5
40 0.1 0.6 22 8.3 119 769
41 0.0 01 0.2 0.6 26 43 923
42 0.0 1.0 47 13.3 23.7 15.7 41.6
43 0.0 1.0 39 99 18.2 14.0 52.9
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TaABLE 3.—Size distribution of volcanic ash samples (concluded)
Size distribution in mm (percent by weight)
v ~ 8 2 §
g g I S . o
HER O E & g g
4 0.0 03 14 6.1 13.5 123 66.3
45 0.0 0.9 4.0 93 19.1 125 54.1
46 01 1.2 49 119 204 15.6 459
47 0.0 08 41 124 228 156 442
48 04 11 58 143 15.7 628
49 0.0 01 0.7 48 91 85.4
50 0.0 05 15 42 129 16.0 64.9
51 01 0.7 25 6.9 136 125 638
52 0.2 0.7 19 58 115 117 68.2
53 01 08 3.2 81 17.7 17.2 528
54 0.0 0.9 22 58 124 111 67.5
55 0.1 03 11 58 108 818
56 0.0 0.1 1.2 34 82 95 715
57 0.0 0.0 0.2 04 1.0 28 33 923
58 0.0 0.0 0.2 46 9.7 85.4
59 0.0 0.1 17 93 141 749
60 02 04 16 47 136 133 66.4
61 0.0 1.0 38 81 148 21.7 15.9 A7
62 00 01 17 79 90.4
63 01 08 28 85 11.2 76.4
64 0.0 0.0 0.0 0.0 01 999
TABLE 4.—Specific gravity of 18 samples of Kansas volcanic ash
v § g2 > E 2 E
3 . 2 £2eE eyt
a2 2 ki 5538 4558
1 Pliocene Norton County 237
2 do do 233 235
6 do do 2.35 2.4
7 do do 2.36 235
16 do do 237
24 do do 234
29 do do 2.36
31 Pleistocene Seward County 2.32 231
33 do Meade County 2.26 2.7
35 do do 227
36 do do 231 232
40 do Smith County 2.27 2.29
41 do Ness County 2.32 2.32
45 do McPherson County 2.30 2.28
51 do Lincoln County 232
52 do do 230
58 do Sheridan County 2.28 2.29
60 do do 2.21 2.26
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ferences in the ash samples are due to chemical composition or to
the effect of vesicles, they appear to be of diagnostic value.

The relation shown by George (1924, p. 367) of specific gravity
to refractive index is similar to that found by us. Samples on his
graph with a refractive index of approximately 1.50 ranged in
specific gravity from 2.20 to 2.38.

CONCLUSIONS

Volcanic ash occurs in the Great Plains of Kansas and adjacent
states at several stratigraphic positions within the Pliocene and
Pleistocene deposits. Although at least two different horizons of
ash, which may represent three ash falls, are known from the
Pliocene, and one or more, possibly representing as many as three
ash falls, may occur within the Pleistocene, they can be placed in
two natural groups—one of about mid-Pliocene age and the other
of about mid-Pleistocene age.

Several characteristics are common to all Pleistocene samples,
which serve to differentiate them from all Pliocene samples. The
Pliocene ash is typified by a neutral gray color; thin, transparent,
slightly curved platy shards which are relatively free from vesicles;
a specific gravity of 2.33 or more; and a ferric oxide content gen-
erally more than 2 per cent. The Pleistocene ash is lighter in
color; the shards are more sharply curved and include abundant
elongate vesicles, commonly arranged in clusters. Rodlike or
fibrous shards were found in samples from all Pleistocene localities.

Within the group of Pliocene samples, differences in refractive
index of the shards from certain localities suggest that these
samples have been derived from three ash falls; however, one of
these localities (Hemphill County, Texas) is so remote from the
others that differences in the ash alone cannot prove a difference
in age. The high index samples from Norton County (nos. 26-29)
have not been shown by fossil seeds to be in a different strati-
graphic position than the large group of samples from that area
(nos. 1-21), whereas no petrographic differences were found be-
tween Pliocene ash deposits in Norton County believed, on the evi-
dence of fossil seeds, to be at slightly different positions within the
Ogallala.

There may be as many as three ash falls within the Pleistocene
strata. One is widespread and is represented by samples no. 31 to
45 and 47 to 61 from Ellsworth, Jewell, Lincoln, McPherson, Meade,
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Ness, Ottawa, Seward, Sheridan, and Smith Counties, in central
and western Kansas; by sample no. 63 from Frontier County, Ne-
braska; and by sample no. 64 from Beaver County, Oklahoma. An-
other fall is suggested by an upper ash deposit in McPherson
County (no. 46) which has a slightly different refractive index,
and still another may be represented by the sample from Webster
County, Nebraska (no. 62), which contains numerous flakes of
biotite.
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