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Preliminary report on the geology and mineralogy of clays
on the Pine Ridge Indian Reservetion, South Dekota
by L. G. Schultz
Summary

Clays suitable for pottery, brick, tile, and semirefractories
are present in certaln zones of rocks on the Pine Ridge Indian
Reserv*ation.‘ h _ _

| Nineralééi'c&i,‘ana],yﬁe_:s:' were made of about 160 sarples represéxitiné
the principa:l, rock forﬁatim on thé. Reservatioxi,‘ and use.bilit};t.est‘é_
~ vere made oa 16 of these samples; . .

Light-colored clay, sandy clb.y , and sandstone '_of ‘I‘?rti&ry age
form the badland areas and underlie the upland arees of Pine Ridge.
Older dark-gray shale and calcareous (ca.lcite-bé&ring) rocks of
Cretacecus age are preseni in the north and west parts of the Reservailion.
These Tertlary rocks and most parts of the Cretaceous rocks contain
either too @& swelling clay, or in sume cases, too much celcite or
sand for ceramic puriwoses- Svelling clsays éause excessive shrinkage
end cracking during drying. Few, if any of these swelling clg s, however,
are of sufficient purity to make them vajuable &s drilling muds or for
other common commercial uées of such cla;rs.

A’veathered zone averaging about 15 feet thick was formed on the
older dark-gray shale (the Pierre shélé) acd, in the southvest part
of the Reservation, also on calcareous rocks (the Niobrara formation)

before the younger (Tertiary) sand enml clay beds were deposited.



This weathering changed the composition of the- older rocks, making
some of fhe@ more usable for cerammic purposes. The general areas of _
butcro;‘p of the weathered zome are shown in the geologic ma;: by the
line of contact “qetween t.he rocks of Cretaceous and Tertiary sge.

Effect of weathering on the Cretaceous rocks was varisble. In
general, calcite was leached and kaolinite was formed. Effects of the |
veathering ere most proncunced on the calca.redu.s rocks in the southwest
corner of the Reservation. In a few places, enaugh ksolinite has
developed in the upper several feet of the véathered zone, fox; the ‘

' clay to be semirefractory snd suitsble for chimney brick and flue tile.
More commonly, the clay is less refractory and suitable for pottery
and heevy clay products like brick and tile.

In the weathered zone developed on the dark-gray shale, generally
t00 mich swelling cley is present for ceramic uses. Much of this clay
cann be made usable by addition of 10-20 percent of sand or prefired
grog to reduce shrinkage. Supply of such clay is enormous and should
be sufficient for the most ambitious development.

Some areas of potentielly ussble clay on the Reservation are
irdicated in the report. . Many other deposits of usable clay in the
weathered zone undoubtedly. are present, but were not visited or sampled
during thls recoanaissance study. It should be eni;masized ‘t.hat clzy in
the weathered zone is highly variable. ‘Iih‘erefore , further sampling and
testing to outline the lateral extent of usable clay deposits must précede
any large-scale mining development. BRefore additional sampling and
testing 1s underteken, econamic factors such as markets, fuel costs,
and transportation of products such as irick and tiie) with low value/

weight ratio should be evaluated.
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Preliminary report on the geology and mineralogy of clays
on the Pine Ridge Indian Reservation, South Dakota
by L. G. S;:hultz
‘Intro'duction:
The following report was prepared by the U. S. Geological Survey
at the request of the Bureau of Indian Affairs. The report is based

on two weeks fieldwork, four weeks laboratory work, and on the results

of usability tests made by the Bureau of Mines.

ﬁ!he investigation was & reconnaissance survey of types orclay 4
present in all tﬁe major geologic units on the Reservation, a.ndtheir
ecoﬁanic poteﬁtial. General geologic data indicated that certain
zones of the Chadron and Brule formations contained clays similar to
those utilized elsewhere ami that clay in the Brule formation already
was being used in sm&all amounts for souvenir pottery.

Weathered zones developed below the White River group and
possible paleosoils within the group appear to merit special attention,
because soil-forming processes msy have changed the ng;ml‘mineralogy
of the rocks.

In this report, some dats are given in more detail then may
presently be needed so that, if clay resources are developed further,
all information will be avellable to those carrying out the development.
Potential usability of materials will be discussed with only cursory
reference to niinability and other ecmc factors, because thickness

of beds at localities sampled for this report probably are not maximum



thicknesses present on the Reservation, and because econamic factors
such as markets and availability of cheap fuel for burning brick and
tile may chsange.

The writer gratefully acknowledges the help of Professor John C.
Clexk of the South Dakote School of Mines who helped familiarize the
writer with the stratigrsphic sequence an the Pine Ridge Indian
Reserva.t.ian.

Geology
Previous work

Most of the geologic wérk an the Reservation has consisted of
detalled and generalized descriptions of stratigraphic sections,
mostly in connection with paleontologicel work In the White River
badlends (O'Harra, 1920; Sinclair, 1921; Ward, 1922; Wanless, 1922,
1923; Wood and Mannhardt, 1925; Clark, 1937, 195k; Buup, 1956;
Macdonald, 1955).

o detailed geologic maps of most of the Pine Ridge Indian
Reservation have been made. Studies by R. J. Dunham (1961) which
include a small part of the Reservation southwest of Pine Ridge were
most helpful. Deata from detalled mepping Just north of the Reservation

near Sheep Mountain Toble by Moore and Levizh (1955) and KePferle-/

_/ Kepferle, R. C., 1954, The gealogy of a portion of the White River
badlands, Pennington County, South Dakota: South Dakota School of

Mines, unpublished master's thesis.

may be extrapolated into the Reservation. Fur most of the Reservation,
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the state geologic meps (Dartom, 1951; Petsch, 1953) provide the only
avallsble information.

Two types of maps have been used to determine sample localities
and place names used in this report: (1) in areas near the White -
River, Ti-minute topographic quadrangle maps of the U. S. Gealogical
Survey; (2) elsewhere, 1:250,000 Mertin and Hot Springs sheets of the -
Aray Mep Service. |

: Sedjmenta.ry rocks

Sedimentary rocks of Late Cretaceous and Tertiary age make up
the bedrock on the Pine Ridge Indian Reservation (table 1). The gray
shales end calcareous rocks of Late Cretaceous age are all marine;
they have about the same sppearance throughout the Reservation. The
Tertiary rocks are all terrestrial and are composed of varlable layers
frao a few to several tens of feet thick vhich differ in sand-silt-clay.
ratios, color, carbonate content, and resistance to weathering.
Generally, the more sandy rocks of Tertiary age have lighter colors,
are more calcareous, and form steeper slopes on outcrops than do the

The sedimentery rocks generally dip very gently to the south and
southeast, so Cretaceous rocks represeated by the upper part of the
Pierre sheale are exposed mainly in the north, and progressively younger
Tertiary rocks are exposed to the souin and east (see geologic map,
fig. 1a). In an area southwest of Pine Ridge older Upper Cretaceous
rocks, including the Sharon Springs mesber of the Pierre shale, the
Niobrara formation, and the Carlile slale, are brought to the surface

by folding and fa:ulting.



Teble 1l.--5tratigraphic units on the Pine Ridge Indian Reservation

Approximate
Age Units thickness Description ie
(in feet) ~
&
3 Ogallela ? Sandstone and tuffaceocus sandstone
9]
Lal
o formation end siltstone.
b 500+ Mostly thick bedded, buff siltstone;
includes a 50-foot bed of resistant
g Arikaree :
Y white volcanic ash at its base
A formation R
= which caps several prominent mesas
in the bedlands.
Poleslide 100-150 Massive, pink, nodular silty clays,
member of caommonly weathering to steep,
Bump (1956) nearly vertical walls in badlands
o areas.
S ,
+ | Scenic 100-150 Banded pink, gray, red, and green clay
£
=
O |member of cemented in varying degrees with
)
3 {Bump (1956) caleite. Iceally prominent bards of
el A
3 nodules. Weathers to step-like
3
= £ slopes.
[0 O
§ | 2
iy = 50-100 Green claystone weathering to rounded
— v
o £
E g |upper mounds. Thin limestone beds in
Eal
45 upper part.
:
(: 0-75 Occurrence very local (Clark, 1937). 1In
9
.E lower east; white, fine-grained sandstone
[
£
© beds 5-20 feet thick. In west: red

and green sand and claystone filling|

channels in shale of Cretacecus

age.
P. ke foliows



Table l.--Stratigraphic units on the Pine Ridge Indian Reservaticn (con.)

Approximate
Age Units thickress. Description
(in feet)
- "Eocene(?) 0-70 Mottled red, yellow, light gray, and
A
% weathered purple clay grading down into
3}
2 zone" yellow, oxidized rock.
Y er part 1300 Dark-gray shale with zones of
5 of carbonate rodules.
g Pierre shale
[92]
m g Sharon 50-100 Hard, fissilk, dark-gray shale
=3 Q
§ Y Springs interbedded with bentonite bedi'.
Q3
° member
¥
3]
g Niobrara 300 Chalk znd celcareous gray shale.
formation
Carlile - Grey shale.
shale

ha p. 5 follows




The Ogallala formation, which occurs only in isalated outcrops,

is not shown on the map in figure la.
"Eocene(?) weathered zone"

A remarkeble feature of the stratigrsphic sequence on the Pine
Ridge Reservation and edjacent arcas is the "Eocene(?) weathered zome"
developed in most places below the White River group. It 1s composed
of mottled rocks commonly 10 to 30 feet thick, but is as much as 70
feet thick near the town of Interior. These rocks were called the
Interior formation by Ward (1922 and 1926) and were interpreted as a
normal stratigrephic unit equivalent to the Fox Hills sandstone which
overlies the Pierre shale. Wanless (1923, p. 197) showed that “"the
surface of the Interior formation (of Ward) seems to have been
essentially & peneplain"” and "it (the Interior fozmtidn) vas formed
rather by weathering and leaching on the surface during a long period
of pre-thite River erosion . . .". Dunham (1961) has shown that
southwest of Pine Ridge, this same weathered zone is developed on the
lliobrzre and older formations; Dunham calls this weathered zane
"residual soil and weathered rock of Eocene(?) age".

This pre-White River weathered zone will be called the "Eocene(?)
weathered zone" in this report in order to distinguish it fram other
possible weethered zanes within the wWhite River group.

The "Eocene(?) weathered zone" is camposed mainly of mottled red,
yellow, light gray, and purple clay which weathers to a yellow slope.

Bedding of the original shsle is generally perceptible. If the under-

lying, unaltered rock is calcareous, the weathere< zone may or may not be

calcareous; at many places the calcite i1s leached from the upper part



but not from the lower part. In such outcrops, the color of the
lower part commonly is predominantly yellow with same gray mottling.

In some outcrops the weathered rocks described above are overlain
by several feet of more intensely weszthered rock with slickensides
and no bedding. This upper part of the weathered zone camionly is
also mottled, but it weathers {0 a calor which contrasts with the
yellow of the thick, lower part. In some places, as at locality 1,
it weathers to & neaxr white or pale lavender. At other places, notably
arcund the town of Interior, it weathers to & red band. This upper
part is pever calcareous. It wes sempled separately from the rest of
the weathered zone and is also separated an figure 1b.

Sempling and testing
Gealogical Survey

Samples were collected in May 1960. During the fieldwork it ‘
became apparent that the clay currently being used for pottery in
Pine Ridge was from the "Eocene(?) weathered zone" instead of the
Brule formation as previously reported; sampling of this weathered
zone was therefore emphasized. Also, most of the Tertisary sedimentary
rocks gppeared to contain either too mch swelling cley, too much
calcite, or too xmc}_l sand for Ee:mic use; therefore, these units
were sampled only enough to give them adequate representation in the
overall study.

Scme of the samples were ca_lected outside the Reservation
because simllar rocks within the Reservation could not be re&cheé.

during the fieldwork.



Descriptions of the samples and the sample localities are given
in the section "Description of sample localities" beginning on page 19.

Mineralogical analyses (fig. lb) were made using X-ray diffraction
techniques in May and June 1960. On the basis of these analyses, 16
samples were selected for usability tests. The selection was made on
a twofold basis: (1) samples most likely to be of economic importance;
(2) a complete representation of rock types present on the Réservation
even if some appeared not to be of potentisl economic importance.

Bureau of Mines

Usability tests were performed by the Bureau of Mines at Korris,
Tena., under the supervision of Mr. H. P. Hamlin. Complete tests of
the raw working properties and firing properties were msde on 10
samples and preliminary tests>were made on the remaining 6 samples.
Test bricks and pottery were made from the more promising samples.

Same of the samples were mixed with sand and with each other for |
testing.

The test results are included in the Bureau of Mines report of
usability tests, pages 43-58, and some of these results are grouped
together on table 2 of this report. '

Sample numbers

Different systems of sample numbering were used by the writer
and by the Bureau of Mines. In the writer's field pumbers, the first
digit 1ie the locality number, the second digit is the sample number.
For example, sample 6-3 is sample number 3 fram locality number 6.

For ceramic testing, the BureaQ of Mines assigned letters from A to P

to the 16 submitted samples.



In this report, the field numbers will be used. Letter designa- '
tions of the Bureau of Mines are used only in the Bureau's report and
in table 2 which summarizes the test data.

Mineralozy

Mineralogical camposition of the samples is summarized in figure lb.
Bach rectangular bar represents one of the 109 analyzed samples, the
number at the lower left coruer of the rectangle is the sacple number,
and the nuuber at the top of a columm of rectangles is the locelity
number. Approximate geographic locations of most of the sample
localitles are shown on the geologle map; approximate stratigraphic
positior is indicated on the left side of figure 1b. Within each
rectangle, each mineral is indicsted by a pattern; the abundance of
the minersl estimated to the neerest 5 percent is indicated by the
width of the pettern. Minerals estimated to be present in amounts
of only 1-2 percent are indicated by letters to the right of the
rectangle.

Thickness of the beds represented by each of the samples from the
"Eocene(?) weathered zone" is indicated to the left of each rectangle
(£fig. 1b). Thicknesses are not given for other samples vhich appear
to have no economic potentiel.

Principal camponents of most of the samples are quartz,kaolinite,
illite, montmorillonite, and mixed-lgyer clay. Keolinite is the majox"
camponent of meny refractories and of fine ceramic ware. Illite is &

principal constituent of many heavy clay products, esuch as brick and



sewer tile. Il1litic clays also probably could be used for red-burning
pottery. Montmorillonite is characterized by its ability to adsorb
woter and by its high plasticity. Shrinkege in drying eliminates
highly montmorillonitic clays as a possible raw meterial for ceramic
purposes, but some very pure montmorilionite clays are cammercially
used as drilling mmds, decolorizing agents, and for other purposes.
Mixed-lgyer clay like that in the rocks of the Pine Ridge Reservation
hes no present cammercial use.
"Eocene(?) weathered zone" on
the Niobrara formation

Unweathered samples fram the Niobrara formation coaomonly contain
10-15 percent kaolinite, 15-20 percent illite, 15-20 percent mixed-
layer clay, 20 percent fine quertz, 25 percent calcite, and small
amounts of chlorite and feldspar. During development of the "Eocene(?)
weathered zone" the calcite was first leached and chlorite was destroyed
wvith little change in the ratio of the o’c.hgr minerals. After all the
calcite was leached, kaolinite was formed, mainly et the expense of
illite. Progressive increase of kaolinite upwerd in the weathered
zone is particularly notable at localities 1 and 3, where in the
nonbedded clay at the top, kaolinite cosposes helf of the rock.

"Bocene(?) weathered zone" on the Pierre shale

The Pierre shele is commonly camposed of :mall amounts of
kaolinite and chlorite, 10-15 percent i1llite, 10-60 percent of
montriorillonite and mixed-layer clay in highly variable proportions,

20-25 percent guartz, and small amounts of felwspar. The Sharon



Springs menber generally 1s slightly more kaolinitic than other
members of the Plerre. Thus, Pierrc shale generally tends to be
more mantmorillonitic than the Niobrara.

Alteration due to weathering in the "Eocene(?) weathered zone"
1s generally less proaounced on the Plerre than on the Niobrara. As
on the Niobrara, both chlorite and most feldspar was destroyed by the
weathering, but on the Pierre the increase in kaolinite is only slight.
In several outcrops of the "Eocene(?) weathered zane" developed an
| the Pierre, montmorillonite increases slightly upward in the profile,

thereby making the Pierre shale even more different from the Niobrara.
Chaldron fermation

The dominant clays of the Chedraon are montmorillonite énd nixed-
layer clay. This composition accounts for the frothy appearance
produced by swelling clays on the surface of its outcrops. HMost
saxples also contain minor emcunts of illite, and in the lower part
of the Chadron, also a little ksolinite. The kaolinite may represent
weathered shale of Cretacecus age transported from nearby high areas
before the area was campletely buried by Tertiary deposits. Suck en
interpretation 1s in keeping with the smaller amounts of feldspar
contained in the kaolinitic deposits of the lower part of the Chedron
than in the rest of the Tertiary rwcks.

The large amounts of montuori. lonitic clay together whkh
eristobelite in two of the samples (14-5 end 18-1) suggest that

altered valcanics caprise much of the formation. Detrital quartz
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is sbundent anly in the sendy rocks (samples 1-6, 15-4, 15-5, 16-1,
233, 23-4, and 2k-3).

Brule formation

Clays of the Brule, like those of the Chadron, are mostly
montmorillionitic. Differences in weathering characteristics of the
Brule and Chadron are probably caused by several factors. Most
important, the Brule is more indurated by calcite. Greater abundence
of 1l1lite probably indicetes a larger amo>int of nonvolcanic cogponents
in the Brule, and sbundance of glass in the Poleslide meuber (Bump,
1955) of the Brule indicates that all volcanic components present
have r.ot been completely eltered. Furthermere, & significant proportion
of the volcanics apparently eltercd to zeolite (clinoptilolite) rather

than meatmorillamitic clegy.
Possible weathered zones within the Brule formation

Possible weathered zones within the Brule formation have been
described by several investigators. A dark band in the Brule forma-

tion vhich was interpreted by Kepferle—/ as & possible soil zoune

—/ Thesis, 1954; see footnote, p. 2.

is represented by sazples 17A-11 eand saxple 20-3. A light band in
the Brule at Toadstool Park (locality 5 of this report) called the
"pench” and interpreted by Schultz, Temner, and Harvey (1955) es a

calicae soil zone 1s represented by saxple 5-2.



None of these pammules from the possible soil zones differ sigaif-
icantly in mineralogzy from the adjacent rocks which have presurably not
been affected by soil-fcrmigg processes. The mineralogical eviience
dces not favor soll develcpment as an explanation for these light and
dark color bands. In any czse, their mireraiosr does not differ
significantly fror the adjszcent rocks, sc they are of 1o more cr less
interest fcr economic purposes than the adjacent rock.

Ariksree formation

The mineralozical compositicn of the Arikaree formation is very
gimiler to that of the usper rart cf Brule. Like the Brule, the
Arikanree probzbly weas derived rainly from partly altered voleanice.
The thick white ash bed at the base of the formation probably rerre-
sents a period of unusually iatense volcanic activity.

Ogallala fornetion

Much of the Ogallaia formation is composed of detrital cquartz.

In the finer-grained pzrts ol the unit, the claye are similar to thucse
in lower Tertiory unite, indicating that voleanic debris was still
coning irtc the area. ESimilarity ¢f the clzyvs and prevalence of
rlagicclase feldspar in all the Tertiary units studied indic=tes that
the chenical compesition of the voleanies prcbably did not vary much
throughout middle Tertiary time.

Usability

Clay
Ceramicse
Of the rocks present on the Pine Ridge Ini:ian Reserveticn, those

mest useble for ceramic purpoees have & mineralcgical composition of

12



about 1/3 kaolinite, 1/3 quartz, 1/6 illite, and 1/€ total montmorillonite
plus mixed-layer cley (may be higher if montmorillonite is subordinate

to mixed-layer clay). Physical properties of such a qeramically usable
clay are: water of plasticity below 30-35 percent; smooth and plastic
working; a total drying and firing shrinkage in the range of 10-15 percent
with no cracking; firing to a hard, dense body with low porosity at
2000-2100°F without bloating.

The "idezl" minerslogical mixture probably could accommodate more
1llite,vbut such clays were nof common on the Reservation. Too much‘
kaolinite in a sample raises the required firing temperature and fuei
costs. Tooc much montmorilleonitie clay ircreases the water of plasticity,
causes excessive drying and firing shrinkage, d;d usually causes cracking.
Quartz will reduce shrinkage problems, but too much guartz (over 50
percent) gives a porous, punkey fired becdy.

The only rock unit tesied which meets these standards comes from
the "Eocene(?) weathered zone" developed on the Niobrara formation. The
3-fcot clay bed now being used in Pine Ridge is apparently equivalent to
sample 1-3 and similar clays can be found in the area west of Pine Ridge--
for example, sample 3-2. Some samples at the top of the weathered zone--
for example, 1-5 and 3-3--contain so much kaolinite that they are too
refractory for pottery or brick clay and require firing to a higher
temperature than desi;éble. Such highly kacliniti- clay, howevér,
accéunts for only a smell proportion of the clays .f the "Eocene(?)
weathered zone." Ceramic properties of such refre :tory clay can be

improved by mixing with more montmorillornitic cla) ., thereby imoproving

1
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the workability and lowering the required firing temperature. A

mixture of sample 1-5 and 26-1 1is mentioned in the report of the Bureau
of Mines as an excellent clay for pottery. From a geographic viewpoint,
& nmixture of samples 1-5 and 1-2 would be more practical, as the saumples
are from the same locality.

According to the Bureau of Mines, samples with large amounts of
calcite, like sample 2-4 should be avoided, so usable clays in the
"Eocene(?) veathered zone" on the Niobrara are confined to the upper
part where calcite has been leached. Calcite is easily detected,
because it effervesces vigourously when doused by a 10 percent solution
of hydrochloric acid (obtainable as muratic acid in drug stores).

Most other clays on the Reservation are unsuitable for ceramic use
because they contain too much montmorillonite. A highly montmorillonitic
cazposition, together with abundant calcite and bloating tendencies
prohibits use of claye from the Tertiary formations and, without addi-
ﬁives, most of the"Eocene(1) weathered zone” on the Pierre shale as well.

Addition of fine sand

Some of the clays in the "Eocene(?) weathered zone" on the Pierre
shale are usable for ceramics if sand or some other ponbydroscopic
material i1s added to reduce shrinkege and improve the drying charac-
teristics. Addition of quartz sand will not make highly montmorillonitic
samples like 13-2 usable, but will msake usable the relatively low
montmorillonite samples, such as sample 26-1. This sample, mixed with
30 percent fine sand, is an excellent pottery clay (table 2). Such
materials are widespread in the "Eocene(?) weathered zone” in areas
shown on figure la, near the contact of the White River group and the

Pierre formatiom.
1k



A preliminary estimate of the montmorillonite content may be
made from the weathering characteristics of the outcrops. Highly
montmorillonitic clay weathers to a frothy, loose 8lope; less
montmorillonitic clays weather to a smoother and harder surface.

In meny outcrops of the "Eocene(?) westhered zone" on the Pierre
shale, the lower part of the weathered zone appears more usable than
the upper part. Final evaluation of individual outcrops, however,
must be made by laboratory testing. .

Some of the fine, white gand beds which occur locally at the
base of the Chadron formation may be suitable for mixing with clay to
reduce shrinksge. Material like sample 24-3, which conteins about
two-thirds quartz and one-third predominently kaolinitic clay should
be ideal. Other possible sources of sand for mixing are: (1) sand
dunes observed east of Sheep Mountain Table and probebly present
elsevhere on the Reservation; (2) sand bars along the major streams;
(3) sandy tuff beds in the base of the Arikaree formation composed
largely of glass and zeolite (samples 17-7, 19-1, 19-2); (4) addition
of grog. Grog commonly is made by grinding defective fired ware.

Refractories

The most kaolinitic parts of the "Eocene(?) weathered zone"
(samples 1-5 and possibly 3-3) are usable for low-duty refractory
brick. Such brick is suitable for fireplace lininge, and brings a
price about four times that of ordinery brick.

Sample 1-5 is apparently the same as sample SD-5 collected by

Mr. Van Sant (written commnicetion, 1960) of the Bureau o Mines;
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saxpple SD-5 has a PCE (pyromwetric cone equivalent) of 20. The
thickness of this refractory cley varies from 3 to 6 feet. Such
thicknesses should be suitable for strip mining shere the overburden
is thin.

Lightweight aggregates

Severa’l of the more montmorillonitic samples tested by the Bureau
of lMines exhibited bloating properties, and the more pramising samples
vere tested for lightweight aggregates. None bloated sufficiently
for camercial use. .

Ilone of the unweathered Upper Cretaceous rocks which are used
elsevhere for lightweight aygregate were tested. Therefore, possible
occurrence of bloating clays on the Reservation cannot be excluded by
the limited tests made for this study.

0il bleaching

Some montmorillonitic clays are used to decolorize oils. Sample
18-1 (1) was tested for this purpose, but it was found to be unsuitable.

Bentonite beds similar to those ance used fram Ardmore, S. Dax.,
for bleaching clays are present in the Sharon Springs member of the
Pierre shale on the Reservation (locality 6, for example). However,
as the bentonite bed at Ardmore is no longer camaercially competitive,
the similar cleys on the Reservation presumably also are not.

Drilling muds

Some sodium montmorillonite clays are valusble as drilling mmds.

However, none of the clays from the Reservation gppeared to warrant

testing for this purpose; first, because calcium rather than sodium
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nontmorillanites are dainant, and second, because the montmorillonite

is not of sufficlent purity for a drilling mmd. Kepferle-/ has tested

/ Tesis, 1954, p. 37; see footnote, p. 2.

montmorillonitic clays from the Chadron formation as drilling muds
and found them unsuiteble.
Zeolites

Zeolites are used extensively as water softeners and in industrial
cheaical processes. Same of the rock on the Reservation--for exarple,
saxple 19-2--contalned about 30 percent of a zeolite called clinoptilo-
lite. According to available information, however, all camercial
zeolites currently in use are synthetic, and natural deposits are of
no present value.

Conclusions

Ceramics appear to be the main use for which the clay deposits
of the Pine Ridge Indian Reservation are suited. Clays suitable for
ceramics, without addition of sand to improve drying characteristics,
are corfined to parts of the noncalcareous part of the "Eocene(?)
veathered zone" vhere developed on the Niobrara formation; such clays
occur only west of Pine Ridge in the southwest corner of the Reservetionm.
Characteristics of even these clays can be improved by addition of 10
to 20 percent sand or grog.

At present, only about 3 feet of clay from the middle of the
"Boce:-2(?) weathered zone" at locality 1 arc used for pottery. Most,

if not. al1, of the 1k-foot thiclkmess of thir. "Eocene(?) weathered
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zone” couwld be utilized if the unused upper and lower parts of the
zone are mixed with the middle part. The mixture would have about
the same cogposition as the middle part alone.

. Some of the clays in the upper part of the "Eocene(?) weathered
zone" are suitable for low-grade refractory brick for local use.
Locality 1 might be a suitable mining site, and localities with
thicknesses of refractory clay greater than 3 feet probably can be
found by detailed work. Considerstion should be given to local demand
for low-grade refractory brick and other ecanamic factors before such
wrk is undertaken.

Large amounts of clay with fairly low montmorillonite cantent
are available in the "Eocene(?) weathered zane" developed on the
»Pierre shale in many areas of the Reser\;ation. With eddition of
about 20 percent fine sand or grog, this clay would be suitable for
brick, tile, and pottery. If anticipated demand, fuel and transporta-
tion costs ,. and other economic factors seem favorable to a considerable
ezpansion of the mamufacture of clay products, detailed gealozgie
napping, probably accompanied by some form of drilling and testing

program, would be necessary to select potential mining sites.



Description of sample localities
LOCALITY 1. NWi SWi sec. 13, T. 35 K., R. 45 W., near the fence line
and 3 mile north of the state line.

Chadron formation

12 £t Clay, sandy, bdbuff, plastic.

Sample 1-6 -- from 4 Peet above bsse.

A"Eocene(?) weathered zone"

3 ft Clay, light-gray mottled with & little red
and purple; nonbedded; weathers almost
white.

Sample 1-5 -- middle of unit.

11 ft Clay, yellow mottled with red and light gray;
bedded; weathers to a slightly cracked,
vellow scrfece.

Sample 1-4 -- top of unit.
Sample 1-3 -- middle of unit.
Sample 1-2 -- bottom of unit.

Hiobrara formation

1-2 Tt i Shale, dark-gray, partly celcareous.
Sample 1l-1 -- noncalcareous shale.

Sample 1-0.5 ~-- calcareous shale.
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IOCALITY 2. Bottom of section is just north of the road in SE
sec. 35; top of section is in NEL sec. 35, T. 36 N.,
R. 46 W., north of the big fault.

Arikaree formation

25 ftt ‘Siltstone, buff, noncalcareous.
Szmple 2-10
(fault contact of Arikaree end Brule formation)

Brule formation

Scenic member (Bump, 1956)

30 ftt Siltstone and claystone, banded pastel tan,
light-gray, and buff; partly calcareous.
Semple 2-9 -- light gray calcareous silt-
stone 14 feet above base.
Semple 2-8 ~- buff, silty clay, 12 feet
above base.

Chadron formztion

30 ft Claystione, light-gray, slightly sandy near
base; weathers frothy; chalcedony veins.
Sample 2-7 -~ silty lense near top.
Sample 2-6 -- 7 ft above base.

"Eocene(?) weathered zone"

5 ft Clay, mottled red, purple, gray, and white;
noncalcareous, nonbedded; weathers to red
band.

Sample 2-5 -- nmiddle.
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Lecality 2 (con.)

"Eocene(?) weathered zone" (eon)

25 Pt Clay, yellow with a little gray and red
mottling; very calcareous; bedded, weathers
to a yellow, moderately cracked slope.

Sample 2-4 -- 22 feet above base.
Sample 2-3 -- bentonite bed 9 feet above base.
Semple 2-2 -- 6 feet above base.

Lk £t Clay, yellow like above mixed with dark-gray
shale like below.

Nicbrara formztion

15 £t Shale, dark-gray, very calcareous.

Sample 2-1 -- 4 feet below top.

TLOCALITY 3. % sec. 27, T. 36 N., R. 47 W. in deep gully sbout 100 yards
ncrth of the rocad.

Chadron formstion

3 ft Cley, light-gray; frothy weathering.

"Bocene(?) weathered zcne"

3 ft Clay, slightly sandy, mottled red, light-greay,
purple and brown; mnonbedded; weathers to a
reddish-vhite band.

Sample 3-3 -- nesr top.
10 Tt Clay, mostly yellow but scme red und gray

mettling; slightly bedded; wezthers yellow.

Sample 3-2 -- middle.
5 ft 4 Shzale, mostly yellow with a 1little light-gray

mottling; calcareous. -

Szrnnle 3-1 -- middle.
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LOCALITY L. Not used.

IOCALITY 5. Sec. 9, T. 33 N., R. 53 W., Duwes County, Nebraska. Toad-

stool Park is develcped in

a prominent channel sandstone

in the lower part of the Brule formation. About 15-20 feet

below this channel sandstone is a light colored band called

the "bench" by Schultz, Tanner, and Harvey (1955). The

"bench" is calcareous throughout its entire 4-5 foot

thickness where sampled Just north of Toadstool Park and

contains a well-preserved mamaalian jaw bone.

Sample 5-4 ==
calcareous;
Sample 5-3 --
2 feet sove
Sample 5-2 --
calecareous;
Sample 5-1 --

calcareous;

Siltstone, buff, ve;y fresh,

Just below the channel sandstone.
Siltstone, buff, calcareous;

the "bench".

Siltstone, light-gray,

from the "bench".

Siltstone, argillaceous, buff,

2 feet below the "bench".




LOCALITY 6. SEr SEL sec. 13, T. 35 N., R. 46 ¥., oa the north side
of a hill just north of the state line. Exposures of
the "Eocene(?) weathered zone" are poor.

"Eocene(?) weathered zoze"

8 ft. Clay, mottled purple, light gray, and arange;
bedded ;weathers to a red, fairly frothy
slope.

Sozple 6~3 -- near t:op.
Sample 6-2 -- near bottam.

Pierre shale, Sharon Springs merter

50-75 £t. . Shale, dark-gray, fissile; bentonite abundant

Sample 6-1 -- 5 feet below top.



LOCALITY 7. Samples of jliobrara are from SEL SWi sec. 9, T. 35 i.,
R. 45 W., and the samples of Pierre are froa about 200

yards farther south in NB} NW scc. 16.

"Bocene(?) weathered zone" (sec. 16)

10-15 ft. Clay, mottled red and light green with &
predamirantly light green zone at the top
end several light-éolored bentonite bands
throughout; bedded; weathers to a dark-red
frothy slope.

Sample 7-3 -- upper part.
Sample 7-2 -- lower part,

Pierre shale, Sharan Springs member

? Shale, black, fissile.
Sarmle 7-1 -- just below "Bocene(
weathered zone"

"Eocene( ?) weathered zone" (sec. 9)

5 ft. Cley, mottled purple and light gray; non-
calcareous, nonbedded; weathers 0 a
reddish-white band.

Sezple 7-6 -- middle.

15-20 ft. Clay, mottled yellow, red, and light gray;
very calcareous, bedded; weathers to
yellow slope.

Sample 7-5 -~ middle

Hiobrara formation

? Marl, gray.
Samole T-4 -- Just below "Bocene weathered."
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LOACLITY 3. INE: MEL sec. 21, T. 35 N., R. 4h W., in a deep gully
about 100 yards north of the state line road.
Rocks contain Pliocene vertebrates (Green, 1956, p. 147).
Upper and lower lédge-foming units are separated by 10
feet of softer rock. |
Sezple 8-1 -- sendstane, fine-gralned cal-
carecus; from middle of 10-foot soft unit.
Sarmle 8-2.-- ash, white; fram top of lower

ledge~-forming unit.

LOCALITY 9. DNEL sec. 8, T. 36 N., R. 39 W., Bennett Co., South Dekota.
At the head of Blg Springs draw 100 feet of predaminently
sandy rocks contains Pliocene vertebrates (Gregory, 1942).
These are overlain by sand dunes of Pleistocene age.
Sarmple 9-3% -- sandstone, gray; clayey, 90
feet above base of the section.
Sexmple 9-1 -- :andstone, fine-grained,
~ blocky, greeiish; 75 feet above base of
the section.
Sample 9-2 -- sandstone, medium-grained;

L5 Peet abov= base of the section.
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LOCALITY 10. Sazmples taken fram the upper, middle, and lower parts
of the Arikaree formation between the town of Porcupine
and Pofcupine.mtte.

Saxmle 10-2 -- sandstone, buff; fine-gralned;
taken at an elevation of 3615 feet on the
south face of Porcupine Butte in SWi
sec. 17, T. 37 H., R. k2 W.

Sermple 10-2 -- sandstone, buff; fine-greined;
just below zone of nodules in a road cut
1.7 rmiles south of Porcuplne at an elevaticn
of 3435 feet; near the center of sec. 31,
7. 38 K., R. 42 W.

Semple 10-1 -- sandstone, buff; fine-grained;
about 40 feet below the conspicuous white
marl in the knob near the church and road,
% mile northwest of Porcupine at en
elevation of 3160 feet in the south-central

part sec. 19, T. 33 ., R. 42 W.



LOCALITY 11. ¢&w: sec. 30, T. 37 N., R. 46 V., sbout + mflec west of
the main rozd.

Chedron formation

20 ft. Clay, light gray; weathers frothy; white
limestone nodules.

"Socene(?) weathered zone"

20 ft. Clay, mostly light gray with a little yellow
and red mottling; noncelcareous, bedded;
weathers to & fairly frothy, yellow slope;
contains numerous ncdules aoxidized to limcnite.
Sample 11-2 -~ 2 feet below top.
Sarple 11-1 -~ 12 feet below top.

(fresh Pierre shale is not exposed)

s

LOCALITY SW: sec. 19, T. 38 ., R. %6 Y., in bedlard outcrcps
evout 200 yards cast of the main road. Upper part of
Chadron and lower pert of Brule arc exposed. Jbbout
75 to 100 feet ebove the base of the Brule, pele-red and
green bands are prominent and cut across stratification.
Samples are fram the sane stratigraphic horizon.

Scaple 12-1 -- siltstone, pale-green,

blocky, calcareous.,
Seaple 12-2 -- siltstone, pale-red, blocky

calcareous.
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IOCALITY 13. NEi NW{ sec. 35, T. 40 N., R. 4T W., in a small knob

~ about 50 yards east of the main road. pr of the mounﬂ
is near the top of the Eocene(r) weathered zone H

"Eocene(?) weathered zone”

bo et | Clay, mostly light-gray with a lfttle limonite

staining in patches; top part is aiickensided

_ and nonbedded, lower part is not slickensided

* are unaffected except;for a‘brownvtoating

weathers to a yellow, frothy surfaée. |
Sample 12-2 -- channel éample of the upper
half of the unit. "

Sample 13-2 -- channel sample of the lower
half of the unit.

Pierre shale

10-20 1t Shale, dark-gray, noncalcareous.

Sample 13-1 -- just below "Eocene(t)

weathered zone®.



LOCALITY 1k. E SEf sec. 36, T. 41 K., R. 47 W., and adjacent parts of
sec. 31, R. 46 V. , along the road e.scending the west end
of Cuny Table and in ravine southeast of the road.

Brule format 1on

Poleslide member (m, 1956)

120 f_‘t Siltstone, fairly massive, pale-brown with

green 8pots, mostly calcareous vith numerous }

this must be a fairlyi.,anpl;ete aection of -
» ', Poleslide with only the upper part missing,
the lower part probably intertongues with
the Scenic member.

Sample 14-3 -- siltstone, noncalcareous;
20 feet below the top.

Sample 1k-2 -- siltst.one, caleareous;

40 feet above dbase.

Sample 1h-1 -- siltstone, calcareous;

near base.

Brule formation

Scenic member (Bump, 1956)
15 £t Siltstone, brown with green spots; slightly

calcareous; we: thers frothier and darker
than unit ebove.

Sample 14-h -~ niddle.
Chadron farmation

51t . ' ) - Cla,yétone, green, vith numerous thin 1ime-

stone layers.



"LOCALITY l’f. (con.)

‘Chadron farmation (con. )

35 £t Claystone, green, mostly noncalcareous;
weathers frofchy-..

Sample 14-5 -- 20 feet below top.

(base of Chadron not exposed) -
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IOCALITY 15. Nwi SE} sec. 23, T. 42 K., R. 47 w., 1n steep bedlands
between Cedar Creek and Red &'tirt Table. _‘

Brule formation

Sce;xic member (Bump, 1956) -
75 ft:t Siltstone, pale-red, banded, partly calcareous H
weathers slightly frotmr
@le‘lg-g-- siltstene, calca.reous,q

“part.

T

Sgg_xg" 1e;1§~8 -- siltstone, noncalcareous;
35 feet above ther’base.

Chadron formation

20 £t Claystone, with thin limestone beds.
ks £t '~ Claystone, red and green; partly calcareous;
weathers frothy.

Sample 15-7 -- claystone, pale-red; calcareows,

. 30 feet above base.
Sample 15-6 -- claystone, green, noncaleareocus;
15 feet above the baée.
10 £t Sandstone, fine-gra.ine;i at tpp, coarse-grained and
conglomeratic at the bottom; ‘);'ellow; numerous
clay fragments; weathers to white band.’

Sample 15-5 ~-- upper part.
Sample 15-4 -- lower part.
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IOCALITY 15. (con.)

"Eocene(?) weathered zone"

2 £t Clay, light-gray, blocky, nonbedded.
Sample 15-3 =-- middle,
13 £t Clay, light-gray with limonitic orange

patches; weathers yellow.

Sample 15-2 -- middle.

Pierre shale
35 Pt , Shale, medium-gray, noncalcareous.
Sample 15-1 -- just below "Eocene{?)

weathered zone."



IOCALITY 16. SE& mwi sec. 2& T. 43 K., R. 47 Wey Pennington County,

South Dakota, in gully a:bout 50-100 ya.nil vest of the -
main road north fronﬁp tm of m

Chadron fbrmat jon

10 ft Claystone, green; weathers 'fz;ot!‘iy,‘
Sample 16-5 -- middle..

ko £t , ‘ Sandstone, fine-grained, brown and green,

a‘bundant nmscavite, weathers slight

frothy, h or 5 zones of ha.rd, calcite-cemented, "

- P pee v -

ledge-forming, croésbedded, ; copglomeratic

- et e e g

sandstone.
Sample 16-4 -- sandstone, fine-grained,
green; 30 feet above base.
Sample 16-3 -- sandstone, fine-grained, brown,
slightly calcareous; 15 feet above base.

15 't . Claystone, silty, red with green mottling.
Sample 16-2 -- 10 fest above base.

15 ft Sandstone, medium- to roarse-grained, partly
congleomeratic, muscovite; scour and fill.
Sample 16-1 -- 2 fee' above base.

Pierre shsale

? Shale, dark-gray, uppe:r 1l-2 inches bleached

light gray.
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LOCALITY 1. NKE} NW} sec. 2é, T. k1 li., B. M& ¥W.; on the southeast
side of Cedar Butte; section given by Wanless, 1923,
p. 211, section B. San;p].esi and 8-11 are from locality
178, aa outlying kuob ca the west edge of KW} sec. 23.
(beds are horizontal; elevations give stratigrephic
intervals) '

" Bubte at an levation of 3080 feet. 7

@Zle 17-6 -- clsystone, s:ilty, pale salman,
very calcareous, interbedded with ﬁne-
grained sandstone; from an glevatian of
2975 feet fram Wanless' T2-foot bedded unit.

Sample 17-6ss -- gandstome interbedded with
sample 17-6.

Sample 17-5 -- siltstone, ashy, pale salmon,
slightly calcareous; from en elevation
of 2040 feet from Wanless' 50-foot nodular
bed.

Semple 17-h -- siltstone, argillaceous, pale
pink-gray; calcareous; elevation 2850 feet

from Wanless' 45-foot unit.
Sample 17-3 -- siltstome, pale red, calcareous;

elevation 2785 feet, just above red, ledge-
foming sandstone in qulesa' red unit.
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LOCALTTY 17. (cont.)
Sample 17-2 -- sands'bme, ﬁne-grained.,

buri', ca.lca.rem, elevation 27&0 feet,

sbout 20 feet below Wanless' red unite
Sample 17A-11 -- claystone, silty, brom,

calcareous, weathers fairly frothy; '-

elevation 2745 feet from a §-foot dark

band spparently gquivalent to ;ep.ferle's -/ -

soil zme on theep Hmmtain ﬁle
mle 17A-10 -- sandstene, meditm—grad.ned, _
buff, very ca.lca.mons, cmesbedd.ed, l-foot
thick bed at an elevation of 2717 feet.
Semple 17A-9 -- siltstone, argillaceous,
pe.ie Abrom, slightly calcareous; weathers
slightly frothy; elevation 2703 feet.

Semple 17A-8 -- sandstone, fine-grained,
shite, very calcarecus; one of three A

such discontinuous beds 1-2 feet thick
exposed near the base of the knob;
elevation 2700 feet; according to Kepferle J

J mests, 1954, p. 19; see footnote, ;;."’e;""

Wonless thought these 1ight bands might
represent caliche sod.ls. L
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| LOCALTTY 17+ (cont.) .
Sample 1TA-l -- sutstcne, argilucecus

pale green; caa.carem, veathers buff,
~ elevation 2630 feet from ]mrest horizm
exposed, pro'be.hly near theniddla af |

LOCALITY 18. W} 1o} sec. 2k, T. k1 ¥., B. 54 W., sbout } mile vest

ofthemdnreedine:;posnresfrmawtbmkmthe

Imite River northm-d toward Stirk Tahle.
Brule ; fomatian

Scentc member (Bup, 1956)

? Siltstone, argillaceous, pale brown, banded,
calcareous.
Sample 18-3 -- 10 feet above base of
_Brule romtion.

Chadron formation

70 £t Claystane, pale green, noncalcareous;

weathers frothy.
Sample 18-2 -~ 60 feet above base.

Sample 18-1 -- 20 feet above base.
(base of section 1s River level)

LOCALITY 19. Near southwest corner sec. 28, T. 43 N., R. Ly E., along '
the foot path acress the neck of land between Sheep Mountain
Teble and the small mesa an the south end of the Table.
About 50 feet of the basal shite ash of Miocene age cap
the mesa and overlie the pink beds ot the oleﬁlide member
(Bump, 1956) which form the steep mesa. wans

@le 19-2 == a.sh, tan;’ aboxrb 50 Peet -

sbove base of the white ash.
Sarple 19-1 -- ash, vhite, near base of

the vhite ash bed.



LOCALITY 20. KE} 8B} sec. 8, T.hs.,R.lal.,alongtheparkraad
’ ascending the east side of Sheep Mountain Table. Bection
a.fterxepferle-/ Ibpofmuletamatimisatan.“

Thesis, 1954, p. 2k; see Pootnote, p. 2

. elevation af abcu.t 3100 feet.

@ 'base of Kepferle's unit 3.

Sample 20-2 -~ siltstone, pale brown, cal-
carecus; elevation 2985 feet in Kepferle's
unit 11.

Sample 20-3 -- siltstane, brown, slightly
calcareous; from dark band 4 feet thick
at elevation 2925 feet, which Kepferle
interprets as a possible soil zone;
Kepferle's unit 13.

Sample 20-i -- siltstone, pale brown, slightly
calcareocus; from 2 feet below "soil zone"
of sample 3. ‘

LOCALITY 21. Center of NW sec. 10, T. 4 8., R. 13 E., just south of
14

the park road leading to Sheep Mountain Table. Channel

sandstone about 100 feet or s little less below the top

of the Scenic member (Burp, 1956) which according to J. C.
Clark (oral commnicaticn, 1960) is derived fram the

northern Hlack Hills. Parther seuth, heavy minerals in
the Brule came from the Southern Black Hills. . .
' @le 21l-1 -~ ssadstane, fine-grai_ned,

calcareous; fruam finest grained part of
the channel sardstane.
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LOCALITY 22. swl sec. 27, T. 3 8., R. 13 E., just southvest of the min
. | road aouth fron Scenie. 'Ihia 18 the type section of thc

Scenic member (Bump, 1956).
Brule tormation

o Scenicmm’ber

100 £t S1iTBTone and silty cla,ystone, banded ‘pale-

green and pa.le—‘brawn ; .some" ba.nt[s calcareoua,“

»_;others are not.
| Sample 22-6 - ,siltsfo;e; j&lé-gi-een,
calcareous; fram 90 feet above base.
Sample 22-5 -~ claystone, silty, pale-brownm,
noncalca.reoué ; from 65 feét above the base.
Sample 22-4 -- claystone, silty, pale-brown,
noncalcareous; from 37 feet above the base;
Sample 22-3 -- siltstone, pale-;green, cal-
careous; from 20 feet above base and Just-
below prominent zone of nodules.
Semple 22-2 -~ clay‘stonez silty, pale-brown,
calcareous; from 5 feet gbove base.

Chadron formation

25 ftt Claystone, pale-green, noncalcareous; weathers
frothy.
Sample 22-1 -- 10 feet below top.



IOCALITY 23. Sec. 11, T. 3 8., R. 13 E., a.bout 2 miles northeast of
Scénic. Basal vhite sandstones of the Chadron formation
a.re widely exposed.

Chadron formation

10 ftt Sandstone, coarse at base, fine-grained
sbove; weathers #hite.
MIQ 22—1& -- sandstone, fine-grained 3

a‘bout 5 feet above ‘base.

S le 25-2 -~ sandstone, coarse, base.

"Eocene(?) weathered zone"
3 ft Cley, .mottled light gray and purple; nonbedded;
weathers to light band.
Sample 23-2 -- middle.
15 ft Clay, mottled light gray and orange; bedded;

weathers yellow.

Sample 23-1 -~ middle.
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LOCALITY 2k. NE} NW} sec. 25, T. 43 N., R. %0 ¥., in south cut bank
of the white River. Sa.xmle}cmesfm Idletofhe
southeast in SW: NEL sec. 23 in the west wall of Potato -
Creek where the basal sandstane of Chadron formation 1is
thickest and best eaq:oseda.

Chedron formation

? Claystone, pale-green; weathers frothy.
2-10 ft. Sandstone, fine-grained, uhite.

L Sample 2&-2 -5 feet ‘above base.
';Eocene(?) weathered zome"

10 ft. Clay, red with purple and light gray mottling;
nonbedded, slickensided.
Sample 24-2 -- middle.

20 rt. Clay, mottled 1ight gray, yellow, orange,

and red; bedded.
Sample 24-1 -- middle.

5 ft. Clay, mottled light gray, yellow, and orange;
. well bedded.

Sample 24-0.5 -- base, Just above river level.

L0



LOCALITY 25. NE: RW} sec. 3, T. 43 N., R. 36 W., about 3 mile south
of the mouth of Cottomwood Creek, high in the wall on
the east side of the creek.

Chadron formation

2 Sandstone, fine-grained, white.

"Eocene(?) weathered zone"

31t Clay, mottled purple orange pale green; bedd‘e.d;/
5"51%rle;.£he:xfsﬁto reddish zc‘m:e.kw‘ o
s@ 1o 25-2 . iic/mié.
17 £t Clay, mottled yenéwish;dréqge and 11ght-gray;
bedded; weathers yellow.

Sample 25-2 -- middle.
Pierre shale

7 Shale, medium-gray, slightly calcareous.
Sample 25-1 -- 5 feet below "Eocene(?)

weathered zone".

4



LOCALITY 26. KB} sec. 32, 2. 43 ¥., R 35 W., in cut bank on the
south side of main creek sbout § mile downstresn (east)
from hrldge an route T3.

Chadron formation |

5-15 ft. Sandstone, fine-gra: 1, white; fills

chamels cut into "Eocem(?) ueathered
. zone."
"Eocene{?) veathered zonc“ ;‘ |
Col0f. | Clay, mottled purple, Grange, end 1ight

gray; nonbedded, slickensided, veathers

to red band; locally missing owing to
chermeling by the Chadrom.
Sample 26-2 -- middle. .

20 ft. Clay, mottled light gray, orange and a
little purple; bedded; slickensided in
upper part; weathers yellow.

Sample 26-1 -- middle.
Sample 26-0.5 -~ bottom.



Bureau of Mines report of usability tests

The following report vas prepared by Mr. H. P. Hemlin, Supervising
Ceramic BEngineer, of the Bureau of Mines testing plant at Norris,
Tennessee. The report contains informetion an color, pa, “unfired
strength plasticity, and dryi.ng effects of the raw clay, the color,
hardness, shrinkage, porosity, and specific gravity of the fired clay;
the pyrametric cone equivalent; and ¢he pcrbential use 'of each clay o
sample. ‘The report covers tests on 10 of the 16 saxples submitted as

qvella.sseveralmixturesofthe clays
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Field No. 1-5

Lab. No. 1255-A

Type: Clay (Kaolinite)
Color: Lt. orchid

pH: 8.5 )

Unfired strength: Average

Raw Properties

Plastic and smooth working, requiring 25% water for pla.sticity,; no
drying defects, 6.0% drying shrinkage.

Fired Properties o o N ’ e

Tesmp. Color Hardness % Shk, ¢ Abs.  Sp. Gr.
1800 Mottled 1lt. pink  Crumbly hard 6.0 k.8 - 2.67
2000 Mottled 1lt. pink  Falr hard 9.5 6.4 . 2.8
2100 Mottled 1t. pink  Hard 9.5 13.6 2.79
2200 Mottled 1t. pink  Hard 10.5 13.3 2.78
2300 Mottled gray Very hard 10.5 8.1 2.55
2400 Mottled gray Very hard 10.5 7.7 2.23

Pyrametric cone equivalent = between cones 19 - 20
1515 - 1520°C

Potential Use: Chimmey flue tile, and blending with other clays for
pottery and structural products. It might be used for
decarative brick although the firing temperatwre is
rather high.

Field Fo. 1-3

Leb. Fo. 1255-B

Type: Clay

PH: 7.45

Color: Med. yellow

Unfired strength: Above average

Raw Properties

Plastic and smooth working, slightly fatty, requiring 36% water for
plasticity, no drying defects, 9.5% drying shrinkage.



Fired Properties

1800 Lt. red buff Fair hard 10.0 13.2 2.63
2000 = Lt. red brown Steel hard 16.0 0.5 2.52
2100 Red brown Steel hard 18.5 0.2 2.h7
2200 Dk. brown Glazed 14.0 0.1 2.3%
2300 Dk. brown Exp. 12.5 6.9 2.10
2400 Dk. brown Exp. - 5.3 2.01

Potential Use

Brick and tile if mixed with fine sand to reduce shrinksge. Red burning
pottery. The scumming tendencies were not reduced by the barium carbonate.

1255-B + 20§ sand

¥ Rev Propertfen
Plastic and m, glightly gritty, requiring 254 water far plasticity,
no drying defects, 4.0% drying shrinkage.

Fired Properties : /

1800 Dull 1t. red Fair hard 6.5 12.1 2.62
2000 Med. Red Brown - Steel hard 11.5 2.2 2.46
2100 Red brown 8l. glazed 11.5 1.9 2.48
2200 Dk. browmn Glazed 12.5 1.7 2.37
2288 Yery Dk. brown Exp. 8.5 T.4 2.16
2 Very Dk. brown Exp. - 12.2 2.10

Field No. 2-5

Lab. Ho. 1255-C

Type: Clay
Color: Med. pink
PH: 8.15

Unfired strength:

Raw Properties

Long, smooth, wery plastic, sticky, requiring 29% water for plasticity,
no drying defects, 7.0% drying shrinkage.

ks



Flred Prgperhies

1800  Lt. red buff. . Hard 10.0 11.8 2.65
2000 Reddish brown Steel hard 13.5 2.8 2.51
2100 Red browm Steel hard 1k.5 0.2 2.44
2200 © Dk. red brown Steel hard 1%.5 0.0 2.45
2300 Grayish browm 8l. glazed 1k.5 1.0 2.32
2400 Dull gray Exp. - .0 2.25

Potential Use

With 10 - 20% fine sand, this clay would make good common brick.

Field No. 24 -

 Lab. Fo. 1255-D
' Type: Clay
Color: Very lt. yellow

pH:  9.55
Unfired strength: Above aversage

Raw Properties

Plastic and smooth working, requiring 29$ water for plasticity, no drying
defects, 6.0% drying shrinkage. °

Fired Properties

1800 Buff(scun) Fair hard 8.5 17.1 2.40
2000 Buff (scum) Hard 8.5 14.5 2.29
2100 Tannish brown Melted - 2.0 1.8%

Potential Use

Saxple high in soluble salts (probably CuSO,). Fired specimens shov heavy
_scumming. It might be mixed with sazple A to reduce firing temperature
provided silica would ¢ontrol scumxing. _

Field No. 7~3

Lab. No. 1255-E

Type: Clay
Color: Med. red-grey
PH: 8.50

Unfired strength: Above average



Rawv Properties

Plastic, sticky, smooth, and fatty working, requiring M water for
plasticity, no drying defects, 8.0% drying shrinkage.

Fired Properties

1300 Buff Fair hard 12.0 16.6 2.63
2000 Lt. red brown Very hard 16. 5.0 2.47
2100 Dull med. red Steel hard 17.5 2.9 2.52
2200 Red-brown Glazed 17.5 .3 2.47
2300 Dull gray Exp. 16.5 5.4 2.12

Bloating test negative

Potential Use: none

1255-E4 20% sand

Raw Properties

Long, smooth, plastic, gritty, requiring 30% water for plasticity. Fo
drying defects, 4.5% drying shrinkege.

Fired Properties

15600 Buff Crumbly hard 8.0 16.3 2.62
2000 Lt. red Fair hard 1.0 9.3 2.55
2100 Red brown Hard 12.5 8.7 2.55
2200 Brown Glazed 12.5 8.3 2.48
2300 Gray brown IXp. 10.0 1.5 2.26
2400 Dull gray Exp. 7.5 8.0 2.01
Send addition reduced shrinksge, but firing cracks developed due to the

colloidal size of the clay particles.

Field FNo. 20-1

L&b . HO 3 laSS.F

Type: Clay

Ccolor: Lt. red tan

PH: 9.20 .
Unfired strength: Above average
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Rav Properties

Plastic and smooth working, slow drying necessary to prevent cracking,
requiring 424 water for plasticity, 11.0% drying shrinkege.

Fired Properties

1800 Lt. red Fair hard 13.0 12.3 2.54

2000 Red Steel hard 18.5 2.8 2.48

2100 Red-brown Steel hard 18.5 1.k 2.25

2200 Red-browa S1. glazed 12.5 9.8 2.03

2500 Dk. brown Exp. 9.5 12.h 1.9%
) 00 : Dk. gray brown Exp. 805 1701 1.91

Bloating Test: Negative

Potential Use

Brick and tile if mixed with sand to decrease shrinkage (see data on
ninfature brick), pottery.

1255-F + 20% sand

Raw Properties

Plastic and smooth working, gritty, requiring 30% water for plasticity,
no drying defects, dries readily, 7.0% drying shrinkege.

Fired Properties

1800 Lt. red Fair hard T.5 12.7 2.6h
2000 Red Steel haxd 13.5 4.8 2.53
2100 Red-browm Steel hard 13.5 h.1 2.k4
2200 Dk. red brown Sl. glazed 13.5 3.8 2.29
2300 Dik. brown BExp. 10.0 T2 2.09
21}00 Dk. gray brown R‘@n - Bol 1-97

"20% sand reduces ¢ shrinkage approx. 5%, end increases firing range without
appreciably affecting the maturing tempereture.



Field No. 1
Lsb. §o. 1255-8
Type: Clay

Caler: Lt. red-gray
pH: 9.15

Unfired strength: Above average

Rawv Properties

Plastic, smooth, and very fatty working, requiring 41% water for

Plasticity, slow drying necessa.ry to prevent cracking, 15 Oi 41711’5

shrinkage.

F:Lrea. ngerties

1800 Dull 1t. red
2000 Hed. red
2100 Browm

2200 Dk. brown

2h00
Bloating test: Kegative

Potential Use

None, shrinkage much too high, although sand additions reduce shrinkage,
Tiring crecks developed due to the colloidal size of the clay particles.

Very hard 16.0 7.9
Steel hard - 18.5 2.8
BXp. -- 0.3
Expe. —— 5206

1255-G (20% sand)

Raw Properties

Plastic, smooth, gritty working, requiring 294 water for plasticity, no
0% drying shrinkage.

drying defects, 6.
Fired Properties

1800 Lt. red

2000 Dull med. red
2100 Red brown
2200 Dk. brown
2300 Dk. brown
2500 Dk. gray brown

Crumbly soft 8.5 1.6
Crumbly herd 10C.0 9.1
Glazed 9.0 6.6
Exp. L.o 15.0
MO - 1301
E@o - 52.0

k9
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Field No. 2-8

1ab. No. 1255-H

Type: Clay
Color: Lt. gray
pd: 8.95

Unfired strength:

Raw Properties

Short, fat

, mealy, requiring LO% water for plasticity.

defects, 5 % d.rying shr.tnkage

Fired Pragrties

1800 ° It. red buff -

2000 - Dull red Steel hard 19.0
2100 Brown ' Glazed -
2200 Brown Exp. -
2300 Overfired and meltiug -

moatmg ‘best° Negative
,‘roeentia.l Use

* See samplé G

o drying
3.2 2.37
0.1 1.91

18.2 -

Field No. 18-1

mo RO. ]255’1

Type: Clay
Colar: Lt. gray
PH: 9.0

Unfired strength:

Raw Properties

Plastic , smooth, and very fatty working, requiring 57% water for
plasticity, must dry very slowly to prevent cracking, 15.5% drying -

shrinkage.
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Pired Prqperties

1800 . Dull red
2000 Red

2100 Red brown

011 bleaching test: Negative, both activated and unactivated

Bloating test: HNegative

Potential Use

Hone

Field No. 2-10

Lab. No. 1255-J

Type: Clay
Calor: Lt. red-gray
pH: 9.00

Unfired strength:

Rav Properties

Not too plastic, short and gritty working, requiring 32% water for

plasticity, no drying defects, 2.0% drying shrinkage.

Fired Properties

1800 Lt. red

2000 Dull red
2100 Red-brown
2200 Dk. brown

Bloating test: Negative

Potential Use

Bone

Crumbly soft 5.5
Crumbly hard 11.5
Steel hard 17.0
Exp. -
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The Effect of 20% Sand on Shrinkage and Absorption

, 20% sand ' 20% sand
- 1255-B + 1255-B T 1255-F + 1255-F
Percent Percent ~ Percent Percent

Temp, °F Suk. Abs, Shk. Abs. Snk. Abs.  Shk.  Abs.

w*cry 9.5 - .0 - 1.0 7.0 -
1800 10.0 13.2 6.5 12.1 13.0 12.3 7.5 12.7
2000 6.0 0.5 1.5 2.2 18.5 2.8 13.5 3.8
2100 18.5 0.2 1.5 1.9 18.5 11 135 R
2200 . Bxp. 0.1 12.5 1.7 Exp. 9.8 1y 13.5 3.8
23w m. 6‘9 m. 7oh m- - _E)Q. . 702

The above shrinkages indicate that 20% sand will decrease shrinkage
-approximately 57., without changing the vitrification terperature

appreciably. _ ‘ _
| | The Use of BaC0O; to Control Soluble Salts

In most cases, the soluble sulphates of K Na Ca Mg and Fe are responsible
for scuwming. From the test results of these clays, the additiomn of 2
sand constituted a better control feor the scuming than did the Barium
carbonate, and this indicates that the scumming i1s due to Ha and K
sulphates (alkali) because BalOs does not react with the alkali sulphates
in the solid state. (See the fired specimens of sample B with 20% sand)

With the exception of D, the sarples that show scumuing must heve the |
sand additiom before they can be utilized, thus, scumaing does not
constitute too seriocus a problem. Further evidence that the sand will
control the scummdng is shown by the miniature brick. -

Saxples B, C, and D vere mixed with water containing 104 of barium
carbonate. The scumming tendencies were not reduced by the barium
carbonate.
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?mlininagﬂayﬂends

. 1255 jolso A and B
Rav Pr@erties

':f-rlzstic and smooth vorldng, requiring 29$ vater fccr plasticity, drying
“.shrlnkage65$,nod.1;dngderects.l

Fired Properties :
Teup. Color : Hardness = ghk. . Abs.
1800 .. Buff i . "Fairhard . - 8.5 - 1.2 .65
2000 - " Lt, red . k,steelhm S 12,5 ¢ 6. 2.56
. 2100 . Red browm - . Steel hard =~ 12.5° - 2.2 . 247
2200  Dk. trown : Steel hard © - 715.0 ~ - 1.2 .ho
azgg G Brown-gray = . Steel hard 7 12,5 - 1.5 - 2.3
2 Brown-gray Exp. ~  EXpe- - 2.

This blend has good color at 2100°F, and the mottled effect is very
ettractive for face brick, 10% sand would improve the pr@erties of
thie blend. |

1255-B 60% + 404 of a sandy Florida clay

The Florida material was spproximately 90 percent fine sand and 10$ )
clay. “

Properties not detemined, bu:b the blend weuld ;pa’obah]y be suitable for
coomon brick. Fired calors are rather poar.

1255  2%50 p and P

Properties not determined. D is too high in calcite to be utilized
as & blepd with other clays.

1255-G 604 + 40% sand Florida ecley -
Prqperties not deternu.ned, ﬁring crac.ks developed in test specimen




_ Ho. -

1255-A
- 1255-8

Minia‘l:ure Brick'ﬁestz

Ministure brickz" xl'xlfz"vere farmed by pressing ‘.
8t 5000 p.s.i. 10 - - 15% moisture was used for fabricating
the test p:t.eces

.1255-A%
1255-4% -
50/50

' - . -

“"r

$ 2050

. 2050
2000
2050

Apparent
&—Gra

Percent Percent

- linear

~ Absorp-
‘tlom

2.7
2.65

2459
2.55
2.50
2.52
2.62 .

. ' 20"'5 i

2.69

2.69
2.67
) 20&
2.59
2.54

‘Slk. '.

2.9

3.0
5o
2.8
EE
7.1 ) .

7.9
1.08

33

* 10% solution of barium carbonate used in mixing samples.

1.9 . 1k

Tom
8.8

R ¥
ERCE

, 6-5,".f~
3.2
1.6

14.2
8.6 |

7.9
16.0

9.6

9'2
8‘0
6.8
600 *
k.2



" Preliminary Bloating Tests -

‘ Preliminery bloating tests were made en the samples that showed signs of :
- expansion during the slow firing test. Slight expansion wes obtained
.vith H end @, but the bloating was not adecpa‘be Loxr 1ightweight aggregate.f
,ustedasfau.awsarethesmmlestestedfor‘bloating

gample No» . Results L né. " Results .

1255-B ~ Negative 12554 - o Sght
1255-C ' Negative 1255-3 ~ Keggtive
1255-D Negative =~ - ‘ T
1255-E . Hegative

1255-F .Regative

A255-G Slight
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- Zesting Pottery Clays

The Belectioncctthesmplzs uaedrarmkmgpottex;ym‘bas on the -
data from the preliminary tests. All samples were ground to Omsh.c
Potters flint (finely ground silica) was used with same of th eclays

' to increase the quartz content. With the exception of samples "A" -
and “"C", noneoftheclaystestedcmﬂdbeutﬂizedmrpotteryﬁthm
'hlmdingvlthﬂnesandorotherclayz PR

Inmakingthetestpieces,theclaarblendnmremmdvithmm
water {0 form a plastic mass. The plastic mass was hand wedged, and
the various shapes were thrown on a potter's wheel. During the ¢
throving process, the characteristice of the blend were noted as
relsted to this method of frbrication. mpageﬂmgiventhe
xmﬁmdandﬁredprcpertiesofthevarimsblmds o
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Unrired provertics Fired lrovertics
P, et

i

o WE. Wet Dy ) Swaiting
Cateh Vleter  Threowing gracn sivzen D Tiear neriod .
[ ] . . N . . - z
rhunver ~o.nssition & coaracterict! - strength ctrorgth cuarncterictics Doy Idn, e, E hours 73 ALS. oalor
1 2 = N
1255-4 0 Cliy 1el.Y 30.0 5 ¥ G Averege  Average Good 10.0 2000 1 11.3 3.5 t. rzd groy
1255-C <ley 100.C 50.0 F 13 F P High High Pair 15.0 2000 0.0 5.5 rra. ood

1255-C Clay 7ju.G
P..1int 30.0

1255-F Clay 70.0
P.f1int 30.0
i255-p  Cloy GC.O
P.flint 30.C
1255-2-11 I - 0.0 —c
) A - 50.0
2S5-A-F L - 50.0
¥ - £0.90

34,0 G

=y
w
o]
@«

High High Ixcellent 2.0 2000 1 5.1 D5 ted. red

.

(]
n
(o]
Q
w
t3

Q

High Hich Good 15.0 2000 4 1.6 Yoy @, red

31.0 L & E G High High Gool i2.5 2000

A5
o

5.0 1. red

L
U
.
<
=3
=
{5}
sl
s}

iIigh Higa Fair 2.0 2000 3 h.5 G 2d

[

33.0 G S F¥ G High Hign Good 13.5 2000 1 3.5 6.0 Hele Red

1. Voruobility 2. G:ootlwess 5. Disrleranet he Nl2lir acecruioaze
P = poor o = ilot snooth = Fooxr W o= lore
I' = rair G = Gritty ¥ o= iair P = Yoor
G = Good 5= Stieky G = &nod = air
5= oLirzllend s = Swooth b= Ixeelleat G = Good
S = Falrly smooth



Discussion of Pottery Tests

1255-A

The vitrifying texperature of this clay is too high for average pottery.
It could e used with some of the other clays to increase the vitrifying
renge, improve the drying characteristies, and decrease the firing
shrinkage. It would probably make acceptable pottery if it was blended
wvith feldspar or nepheline gyenite.

1255-C

Good for red burning pottery, vitrification terpcrature is rather short.:
Additions of potters flint or fine sand improve the properties of the

claye.

1255-F

™is clay would not be suitable for pottery unless fine sand or potters
flint 15 used becaouse of the poor drying characteristice end the short -
vitrification range. It makes excellent red burning pottery with the
added silica.

1255-P

See F. The properties of this clay in pottery are similar to F, and while
whe sample would probably nale pottery without tue addition of sillica,
sllica Liproves its woriing and firing charccieristics.

12 5“}‘1"11

Surple N wac blended with A to deerease (high ccleiua content) the vitrify-
ing temperanture. e vitrification temperature was decreased, but the ware
showed heavy scwming. Thais blend would be wasatisf{ectory for pottery,
unless soae method were developed to contral scumming.

1255-A-F

Thic was the best clay blend tested. The {itrificatien range is long,
and the overall working cheracteristics were very good.
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