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The following file is part of the Doug K. Martin Mining Collection
ACCESS STATEMENT

These digitized collections are accessible for purposes of education and research. We
have indicated what we know about copyright and rights of privacy, publicity, or
trademark. Due to the nature of archival collections, we are not always able to identify
this information. We are eager to hear from any rights owners, so that we may obtain
accurate information. Upon request, we will remove material from public view while we
address a rights issue.

CONSTRAINTS STATEMENT

The Arizona Geological Survey does not claim to control all rights for all materials in its
collection. These rights include, but are not limited to: copyright, privacy rights, and
cultural protection rights. The User hereby assumes all responsibility for obtaining any
rights to use the material in excess of “fair use.”

The Survey makes no intellectual property claims to the products created by individual
authors in the manuscript collections, except when the author deeded those rights to the
Survey or when those authors were employed by the State of Arizona and created
intellectual products as a function of their official duties. The Survey does maintain
property rights to the physical and digital representations of the works.

QUALITY STATEMENT

The Arizona Geological Survey is not responsible for the accuracy of the records,
information, or opinions that may be contained in the files. The Survey collects, catalogs,
and archives data on mineral properties regardless of its views of the veracity or
accuracy of those data.


http://maps.google.com/maps/place?q=Arizona+Geological+Survey&cid=17499330617712548165

Arizona Testing Laboratories

817 West Madison - Phoenix, Arizona 85007 - Telephone 254-6181
For D. K. Martin & Associates Date  March 30, 1982
4728 North 21st Avenue
Phoenix, Arizona 85015
ASSAY CERTIFICATE
0Z. PER TON PERCENTAGES
LAB NO. IDENTIFICATION
aoLo SILVER || COPPER | §471ica Alumina | Iron
é /,7;;:" wi te
5934 111 Ranch 1 P15 9.5 1.4
111 Ranch 2 73.0 12.1 lad
San Carlos 3 21.3 3.6 0.5
San Carlos 4 28.1 2.8 0.7
Mowmots| — San—Garltos 5 69.0 10.0 1.0
| — San—Carlos 6 72.5 8.0 0.8
m; wwé 7Ll7

Respectfully submitted,
ARIZONA TESTING LABZN
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Claude E. McLean, Jr.
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Arizona Testing Laboratories

817 West Madison - Phoenix, Arizona 85007 - Telephone 254-6181

For D. K. Martin & Associates Date  March 30, 1982
4728 North 21st Avenue
Phoenix, Arizona 85015

ASSAY CERTIFICATE

0Z. PER TON PERCENTAGES

o SILVER || COPPER | Silica Aluitina | Iwon

LAB NO. IDENTIFICATION

p/..z'f/ﬁ Ju ;IrJ’(

Diatomite Samples

5934 111 Ranch 1 (Whitfock) 71.6 9.5 | 1.4
111 Ranch 2 (Whitflock) 73,0 112.1-.13.8
San Carlos 3 R P B P 2] .3 3.6 0.5
San Carlos 4§£$:éﬁ;;,zﬁw;70 28.1 2.8 0.7
San—€artes 5 (Whitecliffs) 69.0 [10.0 | 1.0
San-Cartes 6 (Whitecliffg) 72.5 B.0000 BB

Respectfully submitted, ¥
ARIZONA TESTING LAB/ DOATAI
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Claude E. McLean, Jr.
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satih HEATING &
AIR CONDITIONING
, SUPPLIES
WHOLESALE ONLY
4449 SO. 38th PLACE PHOENIX, ARIZONA 85040
(602) 243-5231 (800) 352-5724 (Outside Phoenix)

Branches in California: San Diego (Main Office) — Escondido — El Monte
Orange — Van Nuys — Long Beach — Riverside
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Off: 602-246-9573 4728 N. 21st. Ave.
Res: 602-966-7874 Phoenix, Ariz. 85015
January 18, 1982

Mr. W. C. Ditmars
Diamond Shamrock Corp.
1149 Ellsworth Drive
Pasadena, Texas 77501
Dear Mr. Ditmars:
I appreciated your call on 1-12-82 regarding the
possibility of making a mineral evaluation on some 2025 acres

in eastern Arizona.

In June 1981 I have set up an office at the above
address with Mr. D. K. Martin and associates. Mr. Martin is

a specialist in mining administration and development.

My associates and I are capable of handling a project
of the magnitude you mentioned. e shall be happy to discuss

nrocedures with your representative when he arrives in Phoenix.

it g

= 5 i 7“':4.
L 502 -”"" ; 4 . . . .
hank you for considering us on this project.

Sincerdly,

S. C. Brown
Registered geologist

Encl: Business Cards
SCB/kb



E.C. DAPPLES
GEOLOGIST

Telephone 13035 98th Drive
602-977-3388 Sun City, Arizona 85351

Jamar 6, 1982,

Mr. W.Co. Dltumars

Diamond Chamrock Corporation
1149 Ellsworth Orive
Pasadena, Texas, 7T7501.

Jear lr. Ditmarss
Fellowing our telephone communi-

catlon of yesterday i was ln conversation with
Jr. Joseph F. Rominger who mentioned that he hsad
spoken to you earlier. Together, we thought that
& well-known geologlst of the Phoenlx area, name-
ly “r. Sllas C, Brown would prove to be the person
who could carry-out the project of appraising the
mineral depcslt you have in mind. Rominger and I
spoke with Brown who tecld us he would be interest~
ed in discussing your proposal further with you
should you desire. Because 1t i: his practice not
to give the impression that he iz solieiting bus-
iness he asked that you be kind encugh to commune
icate with him. I list below his address and tel-
ephone numberas

3ilas C. Brown

2401 W. Southern Ave. # B 78

Tempe, Arizons, 85282,

Telephone (602) 966-7874.

 Yours erely,

E.C, Dapples

Ce.
/3ilas C. Brown
Joseph F. Rominger



GEOLOGICAL CONSULTANTS 240X Wx Souptuenn A BiR

Phone (602) 966-7874 Ampex Anzenedizét
4728 N. 21st Ave.

Phx. Ariz. 85015

~ SILAS C. BROWN & ASSOCIATES
|

Mr. T. W. Pollard

Mgr, Business Development
Diamond Shamrock Corp.

P. 0. Box 2300

Irving, Texas 75061

29 September 1982

Dear Mr. Pollard:

It has been four months since our last correspondence.

ﬁ

| As geological consultants and because it is our practice to
retain all samples collected in the field for not lTonger than
thirty days (due to storage problems) unless the project is

on going or is to be continued at a later date.

As you requested in our last telephone conversation, an

=

~estimate of expenses for the next phase of exploration and

T — TN

development .at - -Mammoth. Arizona, was produéed-in anticipation

of your visit to Phoenix.

Please advise us whether or not to retain the field

samples and if we may be of further service.

Very truly yours,

| /

| A as

! ;ﬁ*7/72§6(7A”’\

w S. C. "Buzz" Brown

Geologist

SCB:dm
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Diamond Shamrock

Diamond Shamrock Corporation
1100 Superior Avenue
Cleveland, Ohio 44114
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

(602) 246-9573 4728 N. 21st Avenue

Phoenix, Arizona 85015

Mr. T. W. Pollard
Manager, Business Development
Diamond Shamrock Corporation
P.." 0.5 Bax: 2300
Irving, Texas 75061
15 April 1982

Dear Mr. Pollard:

Please find enclosed our statement for professional services
and expenses for the period from February 22, 1982, through
April 15, 1982.

A1l of the receipts for lodging are enclosed and most of the
meal tickets. Some camp food and a few restaurant receipts

are not available. The receipt for the New Mexico topogra-

phical sheets , acquired in Silver City at Wilkins Map Co.,

has been misplaced.

I shall retain the original receipts for income tax purposes.
We trust the statement is sufficient for your Company's

purpose and accounting procedures. Only the portion of the
bills pertaining to Shamrock and this project were charged.

You will note many of the receipts are made out to D. K. Martin
and Associates. This is because several accounts were set

up originally in that manner and is most convenient to our
operation.

Should you have any questions, please contact us.

Sincerely,
alat G A A
Silas C. Brown

SCB:dm
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

(602) 246-9573 4728 N. 21st Avenue

Phoenix, Arizona 85015

Mr. T. W. Pollard
Manager, Business Development
Diamond Shamrock Corporation
P. 0. Box 2300
Irving, Texas 75061
15 April 1982

Dear Mr. Pollard:

Please find enclosed our statement for professional services
and expenses for the period from February 22, 1982, through
April 15, 1982.

A1l of the receipts for lodging are enclosed and most of the
meal tickets. Some camp food and a few restaurant receipts

are not available. The receipt for the New Mexico topogra-

phical sheets , acquired in Silver City at Wilkins Map Co.,

has been misplaced.

I shall retain the original receipts for income tax purposes.
We trust the statement is sufficient for your Company's

purpose and accounting procedures. Only the portion of the
bills pertaining to Shamrock and this project were charged.

You will note many of the receipts are made out to D. K. Martin
and Associates. This is because several accounts were set

up originally in that manner and is most convenient to our
operation.

Should you have any questions, please contact us.

Sincerely,
///4/% i "{‘gﬁé"tt“\
Silas C. Brown

SCB:dm
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

(602) 246-9573 4728 N. 21st Avenue
Phoenix, Arizona 85015

Mr. T. W. Pollard

Manager, Business Development
Diamond Shamrock Corporation
P. 0. Box 2300

Irving, Texas 75061

15 April 1982

Dear Mr. Pollard:

Please find enclosed the Reconnaissance Survey Report for
southeastern Arizona and southwestern New Mexico.

D I ) Sy S

&

Unless we are instructed to the contrary, we shall continue
attempting to obtain the "Walk-On Permit from the San Carlos-
Apache Indian Tribal Council to allow checking the San Carlos
Deposits. We have been advised, no decision will be made
until the newly elected Tribal Council becomes organized

and have their first official meeting. This is expected to
occur around the end of April at the earliest.

[
P
I
g

We are duplicating receipts for various expenditures and
shall forward a statement under a separate cover.

If you need additional copies of the maps or have further
questions, please call us.

Sincerely,
;&é}Zf ¢ ,76@%1w“
- Silas C. Brown

SCB:dm
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

DIATAMACEOUS EARTH RECONNAISSANCE

Southeastern Arizona
Southwestern New Mexico

by

Silas C. Brown

15 April 1982
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DIATAMACEQOUS EARTH RECONNAISSANCE

INTRODUCTION

Diatomite is synonymous with diatomaceous earth, and
in its natural state is a soft rocklike material consisting
mainly of an accumulation of siliceous frustules (shells)
or skeletons of diatoms that are microscopic single-celled
plants of freshwater and saltwater origin. Chemically, dia-
tomite is essentially amorphous hydrated or opaline silica
with varying amounts of contaminants such as silica sand,
clay minerals, metal salts, and organic matter. The apparent
density of dry consolidated diotomite is 20 to 40 pounds per
cubic foot and that for dry powdered diatomite is 5 to 16
pounds per cubic foot.

LOCATION
The diatomaceous earth reconnassiance survey included

the San Pedro, Gila and San Simon Valleys in Southeastern
Arizona and Southwestern New Mexico.

PURPOSE OF INVESTIGATION

Preliminary investigation was undertaken to evaluate
the known diatomite deposits and locate any new deposits
capable of producing ten million tons in one or more local-
ities.

Approximately sixteen days were spent in the field.
Considerable difficulties were encountered due to weather
conditions, locked gates and impassable jeep trails and
paths.

CONCLUSIONS

A1l diatomite deposits visited can be mined by open
pit methods. They entail the usual associated environmental
problems such as overburden disposal, dust control, and
appropriate rehabilitation of abandoned quarry sites. Effec-
tive control of the silica dust can be obtained by employing
enclosed circuits.

The White cliffs (Mammoth) Deposit in Pinal County,
Arizona, appears to be the only deposit capable of produc-
ing the required tonnage. Based upon reports, the San Carlos
Deposit will probably be the second choice. However, no
field check has been accomplished because of Tribal Elec-
tions and the "Walk-On" Permit cannot be obtained until the
end of April at the earliest.

(2)
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CONCLUSIONS (continued)

The Whitlock (111 Ranch) Deposit in Graham County,
Arizona has good large reserves, but on a much lesser scale
when compared with the Whitecliffs Deposit.

The Stevens (Duncan) Deposit in Greenlee County, Ari-
zona, has some fair deposits, but most are in a well settled
and populated area. Many of the outcrops occur within the
City Limits of Duncan, Arizona, and probably could not be
economically acquired in a block large enough to mine.

The deposits listed below were checked and found to
be inadequate because of the thin and lensing beds of poor
quality and quantity. No further investigative work is
recommended on the following areas:

Curtis Cochise County, Arizona
BMS et.al. Graham County, Arizona
Soloman Graham County, Arizona
Sulphur Springs Cochise County, Arizona
Buckhorn-Cliff Grant County, New Mexico

Please refer to Exhibit I, the base map showing general
locations of each diatomite deposit.

RECOMMENDATIONS

A more detailed survey of each area is needed to deter-
mine the reserves and quality of the deposits.

Phase Number 2

Contact owners of the Whitecliffs and Whitlock
Deposits to determine availability and terms of acqui-
sition.

Obtain permission from the San Carlos-Apache Tribe
to conduct a preliminary survey of their deposit.

Phase Number 3

Map each deposit, calculate the amount in site,
calculate amount of overburden and sample each area,
project drilling locations to determine amount of re-
serves.

Drill with a rotary down-in-hole pneumatic hammer
to sufficient depth and block out reserves plus deter-
mine amount of overburden to be removed.

(3)
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RECOMMENDATIONS (continued)

Phase Number 4

Produce a feasibility study

Phase Number 5

Design and erect milling'plant

Phase Number 6

Place deposits into production

GEOLOGY

The diatomite deposits are in fresh water lake beds,
believed to be Pleistcene and/or Pliocene in age. The de-
posits occur in two levels and reminants of a third upper
bench at Whitecliffs, and two beds at Whitlock. A1l are
lensy and seldom form a continuous bed. The deposits are
wide-spread however, and large quantities of d1atom1te can
be mined economically.

Because of the lensing nature of the deposits, the
high grade diatomite grades laterally into interbeds of clay
and silt. Several cubic yards or tons of good quality dia-
tomite can be mined using selective mining methods.

The diatomite beds contain varying amounts of clay,
silt and minor chert. In some areas a clay bed occurs above
and below the diatomite. Above the clay beds, a boulder
conglomerate occurs which would have to be removed for open
pit mining.

The San Pedro Valley narrows north and south of the
Whitecliff Deposits and grades from lake beds to fanglomer-
ates. The fanglomerates are composed primarily of sand,
pebble and boulder conglomerate.

The Gila River Valley includes the San Carlos and Duncan
(Stevens) Deposits. Going upward in the geologic section,
and to the north, the deposits change to volcanic tuffs.

The deposits observed in the Upper Gila Valley near Buckhorn-
Cl1iff in New Mexico are thin and lensy and consist of air-
fall ash rather than diatomite.

In the San Simon Valley, the Whitlock (111 Ranch) De-
posits are the best developed. Small lenses of diatomite
extend southward for several miles but seldom exceed three
feet in thickness. The BMS et.al. Deposits north of the

(4)
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GEOLOGY (continued)

the town of Bowie are the southern extension of the lake beds.
The diatomite is in horizontal beds and ranges from 4 inches
to 8 inches in thickness. These deposits are considered un-
economical to mine, although, some mining has been accomplish-
ed and the ore shipped from Bowie via railroad to California.
It was not determined where it was shipped in California nor
for what end use. There was no need to make further inquiry
based upon the limited deposit.

No diatomite was found south of the BMS et.al. Deposits
as most of the area is being farmed and the lake beds change
to fanglomerates from the surrounding mountains.

WHITECLIFFS (MAMMOTH) DEPOSITS

- LOCATION

The Whitecliffs Deposits occur about 8 miles south of
the town of Mammoth on the east side of the San Pedro Valley.
More specifically, the claims are located in Sections 13 and

21/ 18, Township 9 South, Range 17 East, G&SRB&M, and Sections

18, 19, 20, 29, and 30, Township 9 South, Range 18 East, of
the G&SRB&M, Pinal County, Arizona, containing 3120 acres
more or less. -

ACCESSIBILITY AND FACILITIES

These deposits lie to the east of the mining community
of San Manuel. It is accessible from the town of Mammoth
by crossing the San Pedro River to the east and traveling
southward for a distance of approximately 8 miles.

The Southern Pacific Railroad at San Manuel connects
with it's mainline at the Town of Bowie, about 25 miles to
the south. The E1 Paso Natural Gas Company pipelines extend
to the San Pedro River directly across from the diatomite
deposits. An Arizona Public Service Company power line bi-
sects the approximate center of the property. Water is
available from wells in the San Pedro flood plain.

GENERAL

The reconnaissance survey gives only a general picture
of the total diatomite deposits. A more exact figure of
diatomite in these deposits are contingent on a more thorough

(5)
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WHITECLIFFS - GENERAL (continued)

investigation. This would include measurement of the dia-
tomite beds for thickness and quality; amount of contaminent
to be removed; quantity and type of overburden, and a drill
hole program to determine the extent and thickness of the
deposits below the overburden.

Based upon some data acquired in the field, it appears
the ten million tons required are.present in the Whitecliffs
Deposits. It is estimated about 400 acres in Sections 18
and 19 would average 20 feet or more diatomite in two hori-

~zons and a limited amount in a third upper horizon. In some

areas within the 400 acre block, the two beds exceed 50 feet
of fair to good grade diatomite..

If the 400 acres will average 20 feet in thickness,
the projected estimates are as follows:

43560 x 400 = 17.42 m sq ft x 20' = 348.4 m cu ft
Assuming 54 cubic feet per ton, then
348.4 + 54 = 6.45 m tons

This is believed to be a conservative figure since some
local areas would average 50 feet or more. It has been re-
ported the diatomite is up to 100 feet in thickness in places,
However, this was not observed during the preliminary investi-
gation.

Based upon the cursory survey, the Whitecliffs Deposits
are the most likely to contain the ten million tons of the
quality of diatomite required. Phase 3 of the exploration
should be instigated as outlined above and when an equitable
arrangement can be made with Southwest Mining Company of Mesa,
Arizona.

Exhibit II shows the approximate edge of the diatomite
deposits, location of major outcrops and their general thick-
ness. The eastern limits are governed by increased overburden
and the eastward extension of the beds would have to be deter-
mined by drilling.

Exhibit III shows the individual claims with the major
outcrops and approximate thickness. The Whitlock Claims
(not related to the Whitlock [111 Ranch] Claims in Graham
County) join the Whitecliffs on the east and south. These
claims are also leased to Southwest Mining Company. A Tland
check was not made of the Whitlock Claims as they appear to
be beyond the main diatomite deposits and the overburden
becomes excessive.

Photos #1 through #6 show the general terrain, thick-
nesses, lensing nature and overburden.

(6)
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WHITECLIFFS - GENERAL (continued)

Two samples were taken for assay with the following
results:

#5 SiTica = .69.0% Alumina =relbZ S T rons =4 L.i0%
#6 12%58% 8% 0.8%

The samples were taken acros$ the complete outcrop and
some contamination may have come from the overburden through
percolating water. By going deeper into the formation wall,
the percentages may improve by eliminating some of the con-
taminates.

Wide spread samples taken for the Arizona Development
Board, and the chemical analysis was reported as follows:

Silica = 87.92% Alumina = 3.9% Iron = 0.1%

WHITLOCK (111 Ranch) DEPOSIT

LOCATION

The Whitlock Deposits are located approximately 20 miles
southeast of the town of Safford. The major deposits center
in Sections 26 and 27, Township 8 South, Range 28 East, of
the G&SRB&M, Graham County, Arizona. Please refer to Exhibit
IV.

ACCESSIBILITY AND FACILITIES

The Deposits can be reached by traveling approximately
15 miles east from Safford on paved U.S. Highway 70, then
southward about 5 miles on a good gravel road to the 111 Ranch.
The road continues past the deposits approximately 8 miles to
the community of Tanque, which is on the west side of the San
Simon River. The river has no bridge and is dry except during
stormy periods. Please refer to Exhibit V, showing land status
and claim locations.

The Southern Pacific Railroad has a siding at Tanque.
Electric power and gas lines are available along U.S. Highway
70, about 5 miles north of the deposits. Water is available
in some of the larger washes and larger quantities may be
be developed by drilling in the gravels of the San Simon
drainage. These latter well locations may be 2 to 4 miles
from the deposits.

(7)
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WHITLOCK DEPOSIT (continued)

GENERAL

The diatomite deposits are lensy and some were observed
to have thicknesses up to 30 feet. Please see Exhibit IV,
indicating locations and thicknesses. The north portion of
the deposit has been highly eroded to form small diatomite
hills with up to 10 and 15 feet of overburden. The impurities
include pumicite, clay and some calcium carbonate (lime).

The deposits lie around the north end of the Whitlock
Mountains, as would be expected, the overburden increases
toward the mountains.

Where erosion has exposed the deposits at the surface,
an ideal open pit mining situation exists. A more detailed
survey and drilling program are necessary to determine the
lateral extent and the thickness of the deposits.

The reconnaissance survey indicates the probability
of approximately a two million ton reserve. This estimate
is assuming 300 acres having diatomite averaging 10 feet in
thickness.

Because of the nature of the outcrops near the bottom
of the dry washes, more diatomite may occur with depth.
Therefore to try and deliniate the aerial extent of these
deposits could prove to be very misleading. Each outcrop
would have to be measured, sampled and drilled carefully for
a more exact reserve figure.

This is a good back-up property to the Whitecliffs
Deposits, even though the Whitecliffs should produce the
tonnage required. Photos Numbers 7 through 10 show the general
character of these deposits.

Respectfully submitted,

il @ e

Silas C. Brown
SCB:dm
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Diamond Shamrock Corporation T. W. Pollard
351 Phelps Court Assistant to the President
P. O. Box 2300 Industrial Chemicals Unit

Irving, Texas 75061
Phone: 214 659-7160
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Diamond Shamrock
Diamond Shamrock Corporation W. C. (Bill) Ditmars
Industrial Chemicals & Plastics Engineering Manager

1149 Ellsworth Drive
Pasadena, Texas 77501
Phone: 713 476-1303




Y.
JO 2o AW

O 5-¢-& 2
Tou Jellord lettd Seo fou Nwnd Shiumos | 5oy, Ton

s 2t s o st sy iy

%ﬂ,mww/wwﬂﬂ ity (f i dpg 9 Lot So o

/@/J/‘ 1 sttt ko sl deaks s siHiie o dch! 1t Fo0)
ol by Ho S Ll fond sicqpuctic 1o b

| I twke ¢ Jeersnm .

O

T i See Ntr psty Mprs 0 B Selly

s Hotossd <> Ay st »f///////;«/////ﬁ/gw
| /é_’_/ﬂ/ﬂxlﬂaff//@yi_/vww-/ﬁszmw £2%)

‘-_’/——_____'_f i e T ———

Node Doy 9 Sen ssutd 4%7 b anhnte D) %7/ dosr/ 9

//MW Wrinawsth  — 220 WG af Yo ool @/w%a 2o




SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

Telephone: 4728 North 2ist Avenue
(602) 246-9573 Phoenix, Arizona, 85015

May 5, 1982

Mr. T. W. Pollard, Manager
Business Development

Diamond Shamrock Corporation
P.0. Box 2300

Irving, Texas, 75061

Dear Mr. Pollard,

We have again contacted the Burear of Indian Affairs (BIA) at San
Carlos. The Tribe still does not have a Chairman for the Resources
section, so we have been unable to set up an appo1ntment with them
for the "walk-on" permit.

The procedure is to see the Resources Section Chairman who will take
our proposal to the BIA and then to the Tribal Council.

- Since we have not heard from you, we assume you intend us to follow

through on the San Carlos deposits as it is reportedly the second
best prospect after Mammoth.

Sincerely,

%/m

. Brown

SCB/jeo
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS 2401 W. Southern Ave. B-78

Phone (602) 966-7874 Tempe, Arizona 85282

28 January 1982

Mr. T. W. Pollard

Industrial Chemicals Unit
Diamond Shamrock Corporation
P. 0. Box 2300

Irving, Texas 75061

RE: Diatomaceous Earth Preliminary Survey
Dear Mr. Pollard:

We are able to accomplish the required research; BLM, County
and Owner record searches; geological reconnaissance of more
than five known prospects; report our_recommendations for

the exploratory work necessary to positively ascertain the
quantity and quality of the non-metallic ore. We believe a
step by step planned approach is best for this type of survey.

Presently we expect to confine our activities to Pinal, Graham
and Greenlee Counties 'in Arizona where we know diatomite occurs.
The attached estimate covers this phase of the work.

The eight to ten days allotted to field reconnaissance should
be sufficient for the preliminary evaluation of four to five
of the prospects, however, if there is a material change due
to weather, number and size of the prospects, terrain, etc.,
we shall seek your approval prior to affording additional
time. The contingency fund should cover all but the most
unusual conditions.

The estimated charges for subsistance may seem high, but max-
imum rates are charged between December 1st and April 1st in
Arizona.

On all field work we always have a geologist and an assistant
for surface control, sampling, mapping and safety requirements.
Many of these prospects are remote and in mountainous terrain.

Only actual charges for time and expenses will be made.
We enjoyed meeting you and Mr. Ditmars and appreciate your

confidence and the opportunity to submit our proposal. If
you have any questions, feel free to contact us anytime.

Sincerely,
L s
S

C. Brown

SB/dm
encl: 1



Phone (602) 966-7874

SILAS C. BROWN & ASSOCIATES'

GEOLOGICAL CONSULTANTS 2401 W. Southern Ave. B-78
; Tempe, Arizona 85282

28 January 1982
GEOLOG}CAL PROGRAM PROPOSAL

FOR
SOUTHEASTERN ARIZONA

(Re: Diatomaceous Earth Preliminary Survey)

Professional 'Services:

4 - 5 days - Research & search BLM & County records
- of known deposits ~

Respectfully submitted,
094(1}/ (‘ T)’l(( €l '/c,;/;:ﬁ

Silas C. Brown o
Registered Geologist

AT 10 - 12 days - Reconnaissance of 4-5 prospects k! gur®
“ il T4 - 17 days @ $500/day. Geologist & assistant $7000 - 8500
" 5 6 -+-8 days - Geologist, assemble data and c{ﬁ?ﬁ
30}157 preliminary reports @ $350/day 2100 -_2800$M¢v
14 ; ! : ekl E ) / '
EXPENSES ’ {16 4,300
10 - 13 days - Field and out of town research, ,@M'”
2 men, subsistance @ $75-90/day 750 - 1170
Est. mileage - 1500-1750 @ .40/mi. (4x4) 600 - _700,, 57
244 BXUD = |57 2
Misc. office expenses, drafting, secretarial, L0737
reproductions, etc. 2000 - 3000 5
Sampling, handling, assay & Spec.  'i: 250 - 500 “°7
4 <~y .
Contingencies - 10% : 1090 - 1400
Estimated Totals $11,990 - 15,370
' TP S e
gvyY ¥ I‘LMD{ l
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

(602)246-9573 4728 N. 21st Ave.
Phoenix, Ariz. 85015

April 20, 1982

Mr. T. W. pollard
Manager, Business Development
Diamond Shamrock Corporation
P. 0. Box 2300
Irving, Texas 75061
Dear Mr. Pollard:
X

Enclosed is the results of the assay from the BMS,
et. al. claims in Graham County, Arizona. You will recall
that these deposits were mentioned in our report as being
4 to 8 inches thick and not worthy of further investiga-
tion. The diatomite here is very hard and heavier than

the diatomite at Whitlock to the north.

This—assay sheet—+s for your information.

Sincerely,
"%5/1/’7
Silas C. Brown

SCB:wm



INVOICE 0 5 4 1

@\ ARIZONA TESTING LABORATORIES

In Account With:

817 WEST MADISON STREET ¢ PHOENIX, ARIZONA 85007 * 602/254-6181

ESTABLISHED MARCH 1, 1932

D. K. Martin & Associates
4728 North 21st Avenue

Phoenix, Arizona 85015
PURCHASE ORDER .

April 15, 1982

DATE

6173
LAB. NO. .
PLEASE PAY FROM THIS INVOICE e STATEMENT UPON REQUEST
DATE QUANTITY ITEMS UNIT PRICE AMOUNT
Sample of Diatomaceous Earth marked "BMS #7"
Chemical Analyses, Alumina, Silica & Iron plus $ 32.00

sample preparation

&

pe

Speediply ® MCP® Patented

“One Test Is Worth A Thousand Expert Opinions”



Arizona Testing Laboratories

: 817 West Madison Street O Phoenix, Arizona 85007 O 602/254-6181

For: D. K.

Martin & Associates

4728 North 21st Avenue

Phoenix,

Sample: Diatomaceous Earth

Received: 4-14-82

Submitted by: D.

Arizona 85015

K. Martin

BMS #7

Date: April 15, 1982
Lab. No.: 6173
Marked: DMS #7
REPORT OF LABORATORY TESTS
Alumina, Al203 16.5 %
Silica, Si0y 53.2 %
Iron, Fe 2.1 %

Respectfully submitted,
ARIZONA TESTING LABORATORIES

wkillleees

C]au Lean,



@ Arizona Testing Laborafories

817 West Madison Street T Phoenix, Arizona 85007 T 602/254-6181

D. K. Martin & Associates Date: April 15, 1982
4728 North 21st Avenue
Phoenix, Arizona 85015 Lab. No.: 6173

Sample: Diatomaceous Earth Marked: DMS #7

Received: 4-14-82

Submitted by: D. K. Martin

REPORT OF LABORATORY TESTS

8MS #7
Alumina, Al1203 16.5 %
Silica, Si0p 53.2 %
Iron, Fe 2.1 %

- e e e e e e Sm e e e S e e n G e e e e R M e e e S S S e S S e e e e e e e e s S e e ee e e e

Respectfully submitted,
ARIZONA TESTING LABORATORIES

Plond & W"d'fwmk

Claude E. McLean, Jr.
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N D. K. MARTIN & ASSOC " 165 : b i AT A :
", 2 MITHTHG ADMINISTRATION « DEVELOF W PELLITY SN TORAL SANI
OFrrCE ACCOUNT PHOZMIG, ARIZONA
4723 NORTH 21ST AVENUE kT p-
PHOENIX, ARIZONA 85015 :: 1055

PIONE 246~-5573

i cJ! DATE AMOUNT

4/27/82 |5 31.87

Mountain Bell
Phoenix, Arizona

_NOT NEGOTIABLE

246-9573
#O0a055 L2000 dhag

<y
CV Rocky Mountain Bank Note

PA Y EE: DETACH THIS STATEMENT BEFORE DEPOSITING D. K. HIARTIN & ASSOCIATES
! 90 ADGAGL TRATION & BEVILOPMENT

DISCOUNT OR
DATE INVOICE NO. DESCRIPTION AMOUNT S NET AMOUNT

4/19/82 246-9573 | Telephone Service & Calls

( Diamond Shanrock:7 2%.63’
: .6

Clark Drilling 1.68
Lambert Project .83

31.87




602 246-9573 © APR 19 1982
ITEMIZED CALLS PAGE 4
NO. DATE TIME 70 PLACE - TO AREA - NO. % MIN
33 418 850P PAYSON AZ 602 476 58330713422

CRDT CARD FROM PHOENX AZ 602 265 3373
34 418 343P E KINGMAN AZ 602 757 2321 3 7
TOTAL OF ITEMIZED CALLS EXCLUDING TAX

' TAXES-U.S. .66  STATE 1.26
COUNTY ‘00 CITY 74 2.64

1 EXPLANATION OF X
' 1Z INTERZONE
: 1 DIAL STATION DAY RATE
2 DIAL STATION RATE INCL 35% EVE DISCOUNT
3 DIAL STATION RATE INCL 60% NITE/WKND DISCOUNT

15 OPERATOR STATION RATE

==l R 767 18 0519 0607 82

602 266-9573 APR 19 1982
SERVICE & EQUIPMENT - APR 19 THRU MAY
| OTHER CHARGES & CREDITS-SEE DETAIL i 13‘32
‘ ITEMIZED CALLS-SEE DETAIL 66.23
_ TAXES-U.S. .80  STATE 1.83 ey
| UNTY .00 CITY 1.09 5T 70
| CURRENT CHARGES-INCLUDING TAX --DUE BY MAY 10--
LASTS:Igg ADJUSTMENTS PAYMENTS
roral>S; .00 56.55 THANK YOU
os 2170 3D 2eY Vlwb's’ R 7 83
Gy, bl e 1e¥  (o55 e opt IR ]G
© aat 670 | 0 *3% | acvt [ i g
Tav 077 31 409" L0 C-on 5

BILLING INQUIRIES CALL 602-973-7911
TO PLACE AN ORDER CALL 602-255-2502

=1 R 767 18 0519 0607 82

AMGUNT
. 6.96 ¢

38 7
66.23

BK

L

83.88

33.88
- 1D ©¢ '1'-"1
oL ey lu"‘;
e .23 (v5%
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602 246-9573 APR 19 1982 |
ITEMIZED CALLS PAGE 1

NO. DATE TIME T0 PLACE TO AREA - NO. % MIN AMOUNT
1 318 1043A PHOENIX AZ 602 246 9573 16 9  -6.22 °%
COLLECT FROM ALBQ NM 505 277 5339
2 319  914A COTTONWOODUT 801 943 2005 1 3 . 1.450
3 322 111P PAYSON AZ 602 474 5733 1 1 .~ .45 € _
G 1800, L118A IRVING . TX '~ '214759 7160 ' 1i: L.\ .~ .61:93
5 323 922A E KINGMAN AZ 602 757 2321 1 2 - .82 "&/
& 324 938A E KINGMAN AZ 602 757 2321 1 10 - 3.38 &’
7 325 952A PAYSON  AZ 602 474 5733 1 4 - 1.29¢_.
€ 306 _138F IRVING . TX ' 2146592160 - 1° .1f . v  .61°0°
9 ...308 .1 531P PHOENIX ~AZ - 602 265 3373. 15. '3 "'y 2.40:9%"
CRDT CARD FROM SL CTY NM 505 538 2916 54
10 328  5264P TEMPE AZ ¢ GOPRISE TRTA | LUT S s SElen Y
CRDT CARD FROM SL CTY NM 505 538 2916  ERS;
11 328 617P LORDSBURG NM 505 542 3444 73 8  _1.12 7%
CRDT CARD FROM SL CTY NM 505 538 2916
602 2466-9573 APR 19 1982 —
ITEMIZED CALLS PAGE 2
NO. DATE TIME TO PLACE TO AREA - NO. % MIN AMOUNT
STATE TAX ON ABOVE CALL . 0475 -
12 329 1011P LORDSBURG NM 505 542 3444 73 5 _ .83 -0~
CRDT CARD FROM SL CTY NM 505 538 2916
STATE TAX ON ABOVE CALL .03 -D5 -
13 330 659P TEMPE AZ. bR 966 78747 Lpi e . Bile 95 -
CRDT CARD FROM LDBG NM 505 542 3591
14 330 715P PHOENIX AZ _ 602 265 3373 17 7 - 3.41 9%
CRDT CARD FROM LDBG NM 505 542 3591
15 & 2 1118A E KINGMAN AZ 602 757 2321 1 9  .-3.06 *%
16 . "6 35 636PS CALIFON,. ''NJ - b'gg] 1832 7586 21 sll .34 cAN®
CRDT CARD FROM PAYSON AZ 602 474 5733
17 © % 5. &17P E KINGMAN AZ - 602 757 2321 /L' "1 .o .50 "&4
18 Soge5. 931 IRVING . TX. 2141659, 7060 el - 182 o8
19 4 5 11394 SPSTNAPJCTAZ 602 986 5681 IZ 1 . .26 la
20 & 5 227P KINGMAN AZ 602 753 2198 1 1 _ .50 -iek
-- 1 R 767 18 0519 0607 82 - BK
602 266-9573 APR 19 1982
ITEMIZED CALLS PAGE 3 — |
NO. DATE TIME
2 CE TRE e iomcr  (0E G0y mmogwr
31A KINGMAN ~1.98 7
2811916, 't 734A KINGHAN" . 7"+ L5005 B3 eana Nk s | | AuEg g
o8, mas 5 R
GMA 0902,
201418 48200 £ KINGHAN A2 A 60E JBF. oadb L Bg dy w R asi ey
.27 4 8 924A E KINGMAN AZ 85 787 aag MRy 0 i TS v
28 x as 837A SPSTNAPJCTAZ 602 936 sesl 12 'S ail | Apyel
KINGMAN i G0, LA
30 417 - 205F PHDENIX = A2 . ‘605 294 dusn 7. o T Il my
CRDT CARD FROM GILA B AZ 602 683 9937 i ks S P acind
31 418 806P AURORA €O 303 341 0678
5,ORDT CARD FROM PHOENX AZ 602 265 3373 i ot )
18 =~ 915P ENGLEWOOD CO 303 761 3505 20 21 . 6.58 «awd

CRDT CARD FROM PAYSON AZ 602 474 5733

=) R 767 18 0519 0607 82 BK
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS |

(602) 246-9573 4728 N. 21st Ave.
_ | : Phoenix, Arizona
85015

22 March 1982
RE: Diatomite
Mr. T. W. Pollard :
Manager, Business Development
Diamond Shamrock Corporation
P. 0. Box 2300
Irving, Texas 75061

Dear Mr. Pollard: ,

The reconnaissance of the San Pedro River Valley to the North
and South of the Whitecliffs (Mammoth) deposits has been com-
pleted. It is apparent the Whitecliffs deposit is the only
diatomite worthy of commercial development in this area.

Geologically, the fresh water lake beds phase out into fan-
glomerates which are not favorable for diatomite development.

The Whitecliffs claims of any value belong to the University
of Arizona, Tucson, Arizona, and have been leased to Southwest
Mining Company, Inc., of Mesa, Arizona. 'This company has not
been contacted. L

Minimal road work has been done to various deposits. Little
or no mining has been accomplished for some time. The claims
have been validated through 1981 and are therefore current
with all governmental requirements.

The Sulphur Springs area in Cochise County has only limited
indications of diatomite. There are no reliable outcrops in
the predominately alkali flats. This area as a prospect
should be eliminated for further exploration.

The Curtis Deposits near St. David and Curtis Flats in Cochise
County are Timited in extent. They are very lensy and occur
in thin layers between the silts and clays on the average.
These are near-shore deposits and contain mumerous bone frag-

ments of fossil mammals. Further eva]ua;ion is not recommended.

Contact was established with the Bureau of Indian Affairs at
the San Carlos-Apache Indian Agency. The BIA is to meet with
the Tribal Council and present our request for a "Walk-On"
permit. The Tribe generally wants a fee for this type of
permit which we hope will be exempted, due to the nature of
our request. In any case, we shall inform you as soon as we
know their decision. | :

(continued)

T LT gV P G 5 L N T SEETIN T RPN



Diatomite
3/22/82
Page Two

To complete this phase of the project, a reconnaissance of
the southern extension of the San Simon Valley and the upper
part of the Gila River Valley extending into New Mexico must
be made. If we obtain the permit from the Indians, all of

this work should be completed in one final trip to the field.

We expect to complete the field work in four to six days.
Our schedule is to leave Phoenix Sunday, March 28th, weather

permitting.
Respectfully Submitted,
M) T

S1iisrc, Brown
Registered Geologist




SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

(602)246-9573 4728 N. 21st. Ave.
o - Phoenix, Arizona 85015

March 22, 1982

STATEMENT

DIATOMACEQUS EARTH PROJECT
For: Diamond Shaardékfcdrporation
P 0. Boxi23008 ¢
Irving, Texas 75061

Expend1tures from Februatxwzz thru uatgngz, 1982

Professional Serv1ces : \ | f’;

Field reconna1ssqnce, research, etc,,12 days @ $500 = $6000.00

0ffice compllat1on, progress‘reports,

research, etc. | 40172 " @ 350 = 1575.00
Expenses: i

Lodging & meals ! 651.30

Milage: 1961 @ .40 | | 784.40

Miss'1l: Topo sheets, maps, reproduction,
film, xerox, phone, etc. 135.74

Total $9146.44

Thank you,

s “ “‘/.'7

(as ¢ TUNM
Silas C. Brown
Registered geologist



SILAS C..BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

(602)246-9573 4728 N. 21st.. Ave."
‘ : : Phoenix, Arizona 85015

March 22, 1982

STATEMENT

DIATOMACEQUS EARTH PROJECT

For: Diamond Shamrock Corporat1on
P. 0. Box.2300
Irving, Texas 750§l_=»

Expendttufeseffdmiﬁébrhag;;zz thru March 22, 1982

Prefessional Services

Field reconnaissance, resetrch, etc 12 days @ $500 =

~ Office compiiation, progress reports, - :
research etc i A 4 1/2 "'@ 350 =

Expenses

Lodging &:mnais
Subj 57"544:./ % 2

 Milage: v1961 @ .40

elesry £

Miss'1: Topo sheets, maps, reproduction,
 film, xerox, phone, etc.

" Thank you,

$6000;00

1575.00

651.30

784.40

135.74
Total $9746.44

Q/ZY#J ¢ fiéiuhvw

Silas C. Brown

Registered geologist

T T m—
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SILAS C. BROWN & ASSOCIATES

GEOLOGICAL CONSULTANTS
(602)246-9573 4728 N. 21st. Ave.
i Phoenix, Ariz. 85015
g‘& | March 12, 1982

Mr. T. W. Pollard

Manager, Business Development

Diamond Shamrock Cnrporat1on

P. 0. Box 2300 » ¥ <
Irving, Texas 75064 3

Dear Mr. Pollard: '

We are hévingzsome»rain-again:wh1Ch ‘has interferred
with our field work to some extent. If it clears this week
end we shall attempt to check out the areas in Cochise Coun-
ty.

We have abp11ed to the San CarIos Tribal Counsel and
the Bureau of lndian Affairs for the necessary permits to
check those deposits ,

A written request has been Made to thé‘University of
Arizona regarding the status of the Whitecliffs deposits.

Enclosed is the progress report and a statement for
professional services and expenses to date. Also enclosed
are analysis sheets for the Whitecliffs, Whitlock and San
Carlos deposits magle for the Arizona Development Board
about 1954, The ggmpIes analysed represent grab samples
from one or more tcrops in the designated area. The
Silica and Iron contents are within the range you requested,
but the alumina is“h1gh except for Whitecliffs.

When we receive the data requested from the University
and after checking the ownership records and requirements, we
shall phone you our opinion. :

Sincerely,

s it

‘ Silas C. Brown
Encl: ‘




SILAS C. BROWN & ASSOCIATES

GEOLOGICAL CONSULTANTS S

PROGRESS REPORT
DIATOMITE RECONNAISSANCE SURVEY

SOUTHEASTERN ARIZONA

WhiteCIiffs (Mammoth) deposits

March 5, 6, 9 & 10 was spent in the Whitecliffs
area checking the better outcrops and determing the limits
of the entire deposit. The best diatomite appears to be
confined to the SW 1/4 Section 18 and the NW 1/4 & N 1/2
of theSE 1/4 Section 19, T. 9 S., R. 18 E., Pinal County,
Arizona. Beds of better diatomite range from 20 to 40 feet
thick with only 1imited contaminants such as clay, silt and
thin chert beds. The overburden ranges from 5 to 50 feet
thick and is composed mostly of boulder conglomerate. Clay
beds averaging 4 feet in thickness occur above and below the
diatomite where it had not been eroded.

The diatomite beds are somewhat discontinuous due to
lensing and local faulting, however, 2 separate beds are pre-
sent locally. Radiating from the best outcrops in the sec-
tions listed above, the diatomite thins into lenses inter-
bedded with clay and silt. This would create mining problems
and probably could not be mined economically, therefore, it
would be advisable to open-pit the more massive deposits
where the overburden is minimal.

In past years, some mining was accomplished in SW 1/4
Section 19 and from two separate terraces in SW 1/4 Section

18. The remnants of an old mill site were found in the south--

central part of Section 13. It is likely the material milled
was hauled fromSection 18.

The next step is to check the status of these claims
with the University of Arizona, the present owners. They
have requested a letter outlining our interest and desires
prior to their responding. All we want at the present time
is %he status of the claims and we are now awaiting their
reply.

San Carlos deposits

We are still awaiting permission for a permit to
check these deposits. When permission is granted, a ranger
from the tribe must accompany us at all times. The Bureau

g ittt o
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Diatomite recon.

of Indian Affairs are also involved so we cannot expect a
speedy decision granting our request.

Other Prospects

As weather permits, we shatl check out deposits in
Sulphur Spr1ngs Valley and the Curtis prospect in Cochise
County 3

We shall extend ouf reconnaissance into New Mexico
to determine the extent of deposits on the border between
the states and look for new depos1ts

ARespectfully submitted,

S

~Silas C. Brown
Registered geologist

Bl e L i b el i B L b L e . i ek el o 2 Rl R £ v hbate: illatncis ¢ SRRt o i Sl e L S o o ey & b e b
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

(602)246-9573 4728 N. 21st. Ave.
‘ Phoenix, Ariz. 85015

March 2, 1982

Mr. T. W. Pollard

Manager, Business Development
Diamond Shamrock Corp. -

P. 0. Box 2300

Irving, Texas 75061

Dear Mr. Pollard:

Please find enclosed a progress report of the
diatomite reconnaissance survey in southeastern Arizona.
The Whitlock prospect has the best potential of the areas
inspected to date.

Our immediate plans are to check the Whitecliffs
(Mammoth) deposits sometime during the latter part of this
week. An attempt will be made to inspect the Sulphur Springs
prospect in Cochise County, weather permitting. We have been
plagued with rainy weather which is fairly normal this time
of year. Some problems were encountered last week, but they
did not prevent us cqvering a considerable area.

Upon receiving a permit from the San Carlos Tribal
Council, we shall inspect the San Carlos and Triplet Peak
prospects. :

It would be helpful to know the quality and quant-
ity of diatomite needed for your application. This infor-
mation will allow us to determine whether small, medium or
large deposits are required and enable us to save you time
and money by a more rapid elimination of prospects which do
not meet your needs. It will also give us more time research-
ing those prospects which may meet with your approval.

Sincerely yours,

LA
Silas C. Brown
_ Registered geologist
Encl:
SCB/wg



SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

PROGRESS REPORT

DIATOMITE RECONNAISSANCE SURVEY

SOUTHEASTERN ARIZONA

Whitlock Prospect

The Whitlock prospect is situated in Sections
22 and 27, T. 8 S., R 28 E., Graham County.

This property has also been known as the Haralson,
Flat Tire or 111 Ranch property. It was orginally staked as
an uranium property and in 1976 the uranium deposits were
sub-leased to Anaconda. The owner retained the diatomaceous
earth on a reported 2540 acrea, about 4 sections of land.

The Whitlock prospect appears to have the most
promise of the properties observed to date. The diatomite
occurs in isolated small hills and fairly continuous, lens-
ing ourcrops over a large area. Some interbeds of clay,
marl and minor chert occur locally in the diatomite. Other
areas of the deposit have been eroded away and only remnants
are left to form small, isolated hills. The diatomite beds
range from 8 to about 30 feet in thickness. The overburden
is generally 30 feet or less and consists of mainly boulder
conglomerate. Two samples were obtained for analysis.

Stevéns Prospect

The Stevens prospect is located three miles north
of Duncan, Arizona in Sections 2 & 11, T. 8 S., R. 31 E.,
Graham County. This prospect consists of a 170 acre lease
on a patented homestead with minerals included. The diato-
mite occurs in lensing beds up to approximately 8 feet in
thickness with 3 to 10 feet of gravel overburden. The de-
posit is small, contains thin clay and chert lenses which
would have to be sorted out. No additional work is advised
for the present.

Solomon Prospect

The Solomon prospect was reported to be located
in Section 14 or 15, T.6 S., R 27 E., Graham County. We made
a reconnaissance of more than two townships without observing
any good diatomite outcrops. It has been reported that the
deposits are diatomite and pearlite, however, it appears to
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be of limited size and the overburden would be excessive
for the most part. No additional work is advised for the
present. e ;

Curtis Prospect

- An attempt was made to visit the Curtis prospect
approximately 10 miles south of Benson, Arizona in Cochise
County. Heavy rains had created wash-outs preventing a re-
connaissance survey at that time.

San Carlos Deposits

These diatomite prospects are on the San Carlos
Indian Reservation and the main deposits are reported to be
in Section 18, T. 1 N., R. 18 E.,Graham County.

Some minor deposits were observed along the high-
way which were 1imited in extent and not over 3 feet thick.
Clay lies above and below the layered deposits. Due to
scheduling and the location of the better deposits only a
brief survey was attempted and accomplished. A permit for
tresspass and exploration from the Tribe is needed. When
the permit is granted we shall make a more thorough survey.

Whitecliffs Deposits

Our next field reconnaissance will be made on
the Whitecliffs deposits in T. 9 S., R. 17 & 18 E., Pinal
County, Arizona. If the reconnaissance proves favorable,
a record search will be made to determine ownership and
availability. ;

Other prospects

We shall continue to check out othér areas of
interest and keep you posted.

Respectfully submitted,

/C@W

Silas C. Brown
Registered geologist
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" SILAS C. BROWN & ASSOCIATES
.GBOLOGICAL CONSULTANTS

i ' . STATEMENT

EXPENDITURES THROUGH MARCH 12, 1982

Professional services:

$4000.00

Field Reconnaissance, research, etc. 8 days @ $500 =
Office compx]ation, progress reports,3 days @ 350 = 1050.00
Eodging & e ‘ | = 434.67
Milage: 1370 @ .40 }f_‘7 .,,_:‘*f,. CLhd o it eag00
Miss'1l. Tapo sheets. maps ., repradﬂctton, | -
ff]m, xerox, phone Lo AL G L = 70.00
' o Total $6102.67 :

 Thank you, i

Silas C. Brown




SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

EXPENDITURES. THROUGH MARCH 1, 1982

These figures have been rounded off but will be made
exact for final billing.

Professional Services:
Field reconnaissance, research, étc. 4 days @ $500
Office compilation of data 1 day @ $350.00

Milage: 651 @ .40 mile

Fdod and lodging

Miss'l expenditures, reproductions, maps, xerox

n

$2000.
350.
260.

215

25

00
00
00

.00

00

Total

“ : A/Z%ﬁaﬂ~w
S,

C. Brown

$2850.

00
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Diamond Shamrock
February 19, 1982

Mr. Silas C. Brown
Registered Geologist

Silas C. Brown & Associates
2401 W. Southern Avenue B-78
Tempe, Arizona, 85282

Dear Mr. Brown:

As we discussed on the phone, will you please proceed with
the Diatomaceous Earth project as outlined in your proposal dated
January 28, 1982. I believe you indicated that you could get
started early next week and that this project would take about
a month to complete.

We would appreciate it if you would advise us on a weekly
basis of the progress that is being made and also provide us
with an estimate of the costs that have been incurred. Thank you.
Yours truly,

W Pllps

T. W. Pollard
Manager
Business Development

Jw

Diamond Shamrock Corporation 351 Phelps Court, P.O. Box 2300, Irving, Texas 75061 Phone: 214 659-7000



SILAS C. BROWN & ASSOCIATES

GEOLOGICAL CONSULTANTS ; 2401 W. Southern Ave. B-78
Phone (602) 966-7874 : Tempe, Arizona 85282

28 January 1982

" Mr. T. W. Pollard il Coaisl
Industrial Chemicals Unit -
Diamond Shamrock Corporation
P. 0. Box 2300 ,
Irving, Texas 75061

RE: ﬁfatpmaceous Eartﬁ Preliminary Survey

Dear Mr. Pollard:

We are able to accomplish the required research; BLM, County
and Owner record searches; geological reconnaissance of more
than five known prospects; report our recommendations for

the exploratory work necessary to positively ascertain the
quantity and quality of the non-metallic ore. We believe a
step by step planned approach is best for this type of survey.

Presently we expect to confine our activities to Pinal, Graham
and Greenlee Counties 'in Arizona where we know diatomite occurs.
The attached estimate covers this phase of the work.

The eight to ten days allotted to field reconnaissance should
be sufficient for the preliminary evaluation of four to five
of the prospects, however, if there is a material change due
to weather, number and size of the prospects, terrain, etc.,
we shall seek your approval prior to affording additional
time. The contingency fund should cover all but the most
unusual conditions. : :

The estimated charges for subsistance may seem high, but max-
imum rates are charged between December 1st and April 1Ist in
Arizona.

On all field work we always have a geolcgist and an assistant
for surface control, sampling, mapping and safety requirements.
Many of these prospects are remote and in mountainous terrain.

Only actual charges for time and expenses will be made.
We enjoyed meeting you and Mr. Ditmars and appreciate your

confidence and the opportunity to submit our proposal. If
you have any questions, feel free to contact us anytime.

Sincerely,

fie ool

Brown

SB/dm
encl: 1




SILAS C. BROWN & ASSOCIATES

GEOLOGICAL CONSULTANTS 2401 W. Southern Ave. B-78
Phone (602) 966-7874 Tempe, Arizona 85282

28 January 1982
GEOLOGICAL PROGRAM PROPOSAL

FOR
SOUTHEASTERN ARIZONA

(Re: Diatomaceous Earth Preliminary Survey)

Professional Services:
4 - 5 days - Research & search BLM & County records _ g
: of known deposits : ' 3
10 - 12 days Reconnaissance of 4-5 prospects ‘
14 - 17 days @ $500/day. Geologist & assistant $7000 - 38500
6

-+.8 days - Geologist, assemble data and

R AR ) Wi

preliminary reports @ $350/day 2100 - 2800
EXPENSES ; ' %
10 =13 days'- Field and out of town reseérch, %
2 men, subsistance @’$75-90/day ve4d80 - 1170 |
Est. mileage - 1500-1750 @ .40/mi. (4x4) 600 - 700
Misc. office expenses, drafting, secretarial,
reproductions, etc. 200 - 300
Sampling, handling, assay & Spec. 250 = -500 .
Contingencies - 16% ' 1090 - 1400
Estimated Totals | $11,990 - 15,370

Respectfully submitted,

ey :

Sifas €. Bhowrz,
Silas C. Brown
Registered Geologist



SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

(602) 246-9573 "W o : 4728 N. 21st Avenue

Phoenix, Arizona 85015

Mr. T. W. Pollard ”
Manager, Business Development
Diamond Shamrock Corporation

P. 0. Box 2300
Irving, Texas 75061

15 April 1982

Dear Mr. Pollard:

Please find enclosed the Reconnaissance Survey Report for
southeastern Arizona and southwestern New Mexico.

Unless we are instructed to the contrary, we shall continue
attempting to obtain the "Walk-On Permit from the San Carlos-
Apache Indian Tribal Council to allow checking the San Carlos
Deposits. MWe have been advised, no decision will be made
until the newly elected Tribal Council becomes organized. =
and have their first official meeting. This is expected to
occur around the end of April at the earliest.

We are duplicating receipts for various expenditures and
shall forward a statement under a separate cover.

If you need additional copies of the maps or have further
questions, please call us.

Sincerely,

244254 ¢ Abv

Silas C. Browni#

SCB:dm
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

DIATAMACEOUS EARTH RECONNAISSANCE

Southeastern Arizona
Southwestern New Mexico

by

Silas C. Brown

15 April 1982
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DIATAMACEOUS EARTH RECONNAISSANCE

Diatomite is synonymous with diatomaceous earth, and
in its natural state is a soft rocklike material consisting
mainly of an accumulation of siliceous frustules (shells)
or skeletons of diatoms that are microscopic single-celled
plants of freshwater and saltwater origin. Chemically, dia-
tomite is essentially amorphous hydrated or opaline silica
with varying amounts of contaminants such as silica sand,
clay minerals, metal salts, and organic matter. The apparent
density of dry consolidated diotomite is 20 to 40 pounds per
cubic foot and that for dry powdered diatomite is 5 to 16
pounds per cubic foot.

LOCATION
The diatomaceous earth reconnassiance survey included

the San Pedro, Gila and San Simon Valleys in Southeastern
Arizona and Southwestern New Mexico.

PURPOSE OF INVESTIGATION

Preliminary investigation was undertaken to evaluate
the known diatomite deposits and locate any new deposits
capable of producing ten million tons in one or more local-
ities.

Approximately sixteen days were spent in the field.
Considerable difficulties were encountered due to weather
conditions, locked gates and impassable jeep trails and
paths.

CONCLUSIONS

A1l diatomite deposits visited can be mined by open
pit methods. They entail the usual associated environmental
problems such as overburden disposal, dust control, and
appropriate rehabilitation of abandoned quarry sites. Effec-
tive control of the silica dust can be obtained by employing
enclosed circuits.

The White cliffs (Mammoth) Deposit in Pinal County,
Arizona, appears to be the only deposit capable of produc-
ing the required tonnage. Based upon reports, the San Carlos
Deposit will probably be the second choice. However, no
field check has been accomplished because of Tribal Elec-
tions and the "Walk-On" Permit cannot be obtained until the
end of April at the earliest.

(2)
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CONCLUSIONS (continued)

The Whitlock (111 Ranch) Deposit in Graham County,
Arizona has good large reserves, but on a much lesser scale
when compared with the Whitecliffs Deposit.

The Stevens (Duncan) Deposit in Greenlee County, Ari-
zona, has some fair deposits, but most are in a well settled
and populated area. Many of the outcrops occur within the
City Limits of Duncan, Arizona, and probably could not be
economically acquired in a block large enough to mine.

The deposits listed below were checked and found to
be inadequate because of the thin and lensing beds of poor
quality and quantity. No further investigative work is
recommended on the following areas:

Curtis Cochise County, Arizona
BMS et.al. Graham County, Arizona
Soloman Graham County, Arizona
Sulphur Springs Cochise County, Arizona
Buckhorn-Cliff Grant County, New Mexico

Please refer to Exhibit I, the base map showing general
locations of each diatomite deposit.

RECOMMENDATIONS

A more detailed survey of each area is needed to deter-
mine the reserves and quality of the deposits.

Phase Number 2

Contact owners of the Whitecliffs and Whitlock
Deposits to determine availability and terms of acqui-
sition.

Obtain permission from the San Carlos-Apache Tribe
to conduct a preliminary survey of their deposit.

Phase Number 3

Map each deposit, calculate the amount in site,
calculate amount of overburden and sample each area,
project drilling locations to determine amount of re-
serves.

Drill with a rotary down-in-hole pneumatic hammer
to sufficient depth and block out reserves plus deter-
mine amount of overburden to be removed.

(3)
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RECOMMENDATIONS (continued)

Phase Number 4

Produce a feasibility study

Phase Number 5

Design and erect milling'plant

Phase Number 6

Place deposits into production

GEOLOGY

The diatomite deposits are in fresh water lake beds,
believed to be Pleistcene and/or Pliocene in age. The de-
posits occur in two levels and reminants of a third upper
bench at Whitecliffs, and two beds at Whitlock. All are
lensy and seldom form a continuous bed. The deposits are
wide-spread however, and large quantities of diatomite can
be mined economically.

Because of the lensing nature of the deposits, the
high grade diatomite grades laterally into interbeds of clay
and silt. Several cubic yards or tons of good quality dia-
tomite can be mined using selective mining methods.

The diatomite beds contain varying amounts of clay,
silt and minor chert. In some areas a clay bed occurs above
and below the diatomite. Above the clay beds, a boulder
conglomerate occurs which would have to be removed for open
pit mining.

The San Pedro Valley narrows north and south of the
Whitecliff Deposits and grades from lake beds to fanglomer-
ates. The fanglomerates are composed primarily of sand,
pebble and boulder conglomerate.

The Gila River Valley includes the San Carlos and Duncan
(Stevens) Deposits. Going upward in the geologic section,
and to the north, the deposits change to volcanic tuffs.

The deposits observed in the Upper Gila Valley near Buckhorn-
Cliff in New Mexico are thin and lensy and consist of air-
fall ash rather than diatomite.

In the San Simon Valley, the Whitlock (111 Ranch) De-
posits are the best developed. Small lenses of diatomite
extend southward for several miles but seldom exceed three
feet in thickness. The BMS et.al. Deposits north of the

(4)
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GEOLOGY (continued)

the town of Bowie are the southern extension of the lake beds.
The diatomite is in horizontal beds and ranges from 4 inches
to 8 inches in thickness. These deposits are considered un-
economical to mine, although, some mining has been accomplish-
ed and the ore shipped from Bowie via railroad to California.
It was not determined where it was shipped in California nor
for what end use. There was no need to make further inquiry
based upon the limited deposit.

No diatomite was found south of the BMS et.al. Deposits
as most of the area is being farmed and the lake beds change
to fanglomerates from the surrounding mountains.

WHITECLIFFS (MAMMOTH) DEPOSITS

LOCATION

The Whitecliffs Deposits occur about 8 miles south of
the town of Mammoth on the east side of the San Pedro Valley.
More specifically, the claims are located in Sections 13 and
18, Township 9 South, Range 17 East, G&SRB&M, and Sections
18, 19, 20, 29, and 30, Township 9 South, Range 18 East, of
the G&SRB&M, Pinal County, Arizona, containing 3120 acres
more or less.

ACCESSIBILITY AND FACILITIES

These deposits lie to the east of the mining community
of San Manuel. It is accessible from the town of Mammoth
by crossing the San Pedro River to the east and traveling
southward for a distance of approximately 8 miles.

The Southern Pacific Railroad at San Manuel connects
with it's mainline at the Town of Bowie, about 25 miles to
the south. The E1 Paso Natural Gas Company pipelines extend
to the San Pedro River directly across from the diatomite
deposits. An Arizona Public Service Company power line bi-
sects the approximate center of the property. Water is
available from wells in the San Pedro flood plain.

GENERAL
The reconnaissance survey gives only a general picture

of the total diatomite deposits. A more exact figure of
diatomite in these deposits are contingent on a more thorough

(5)
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WHITECLIFFS - GENERAL (continued)

investigation. This would include measurement of the dia-
tomite beds for thickness and quality; amount of contaminent
to be removed; quantity and type of overburden, and a drill
hole program to determine the extent and thickness of the
deposits below the overburden.

Based upon some data acquired in the field, it appears
the ten million tons required are.present in the Whitecliffs
Deposits. It is estimated about 400 acres in Sections 18
and 19 would average 20 feet or more diatomite in two hori-
zons and a limited amount in a third upper horizon. In some
areas within the 400 acre block, the two beds exceed 50 feet
of fair to good grade diatomite.

[f the 400 acres will average 20 feet in thickness,
the projected estimates are as follows:

43560 :x.- 400" = 17.42%m sq. Fft X P20 =348 4 m cu, ‘ft
Assuming 54 cubic feet per ton, then
348.4 + 54 = 6.45 m tons

This is believed to be a conservative figure since some
local areas would average 50 feet or more. It has been re-
ported the diatomite is up to 100 feet in thickness in places,
However, this was not observed during the preliminary investi-
gation.

Based upon the cursory survey, the Whitecliffs Deposits
are the most likely to contain the ten million tons of the
quality of diatomite required. Phase 3 of the exploration
should be instigated as outlined above and when an equitable
arrangement can be made with Southwest Mining Company of Mesa,
Arizona.

Exhibit II shows the approximate edge of the diatomite
deposits, location of major outcrops and their general thick-
ness. The eastern limits are governed by increased overburden
and the eastward extension of the beds would have to be deter-
mined by drilling.

Exhibit III shows the individual claims with the major
outcrops and approximate thickness. The Whitlock Claims
(not related to the Whitlock [111 Ranch] Claims in Graham
County) join the Whitecliffs on the east and south. These
claims are also leased to Southwest Mining Company. A land
check was not made of the Whitlock Claims as they appear to
be beyond the main diatomite deposits and the overburden
becomes excessive.

Photos #1 through #6 show the general terrain, thick-
nesses, lensing nature and overburden. ‘

(6)



WHITECLIFFS - GENERAL (continued)

Two samples were taken for assay with the following
results:

#5 - . Silica = 6940% Alumina = W% - Iromi= 1.,0%
#6 7.2.:5% 8% 0.8%

The samples were taken across the complete outcrop and
some contamination may have come from the overburden through
percolating water. By going deeper into the formation wall,
the percentages may improve by eliminating some of the con-
taminates.

Wide spread samples taken for the Arizona Development
Board, and the chemical analysis was reported as follows:

Silica = 87.92% Alumina = 3.9% 1Iron = 0.1%

WHITLOCK (111 Ranch) DEPOSIT

LOCATION

' The Whitlock Deposits are located approximately 20 miles
southeast of the town of Safford. The major deposits center
in Sections 26 and 27, Township 8 South, Range 28 East, of
the G&SRB&M, Graham County, Arizona. Please refer to Exhibit
IvV.

ACCESSIBILITY AND FACILITIES

The Deposits can be reached by traveling approximately
15 miles east from Safford on paved U.S. Highway 70, then

southward about 5 miles on a good gravel road to the 111 Ranch.

The road continues past the deposits approximately 8 miles to
the community of Tanque, which is on the west side of the San
Simon River. The river has no bridge and is dry except during

stormy periods. Please refer to Exhibit V, showing land status

and claim locations.

The Southern Pacific Railroad has a siding at Tangque.
Electric power and gas lines are available along U.S. Highway
70, about 5 miles north of the deposits. MWater is available
in some of the larger washes and larger quantities may be
be developed by drilling in the gravels of the San Simon
drainage. These latter well locations may be 2 to 4 miles
from the deposits. '

(7)
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WHITLOCK DEPOSIT (continued)

GENERAL

The diatomite deposits are lensy and some were observed
to have thicknesses up to 30 feet. Please see Exhibit IV,
indicating locations and thicknesses. The north portion of
the deposit has been highly eroded to form small diatomite
hills with up to 10 and 15 feet of overburden. The impurities
include pumicite, clay and some calcium carbonate (Time).

The deposits lie around the north end of the Whitlock
Mountains, as would be expected, the overburden increases
toward the mountains.

Where erosion has exposed the deposits at the surface,
an ideal open pit mining situation exists. A more detailed
survey and drilling program are necessary to determine the
lateral extent and the thickness of the deposits.

The reconnaissance survey indicates the probability
of approximately a two million ton reserve. This estimate
is assuming 300 acres having diatomite averaging 10 feet in
thickness. _

Because of the nature of the outcrops near the bottom
of the dry washes, more diatomite may occur with depth.
Therefore to try and deliniate the aerial extent of these
deposits could prove to be very misleading. Each outcrop
would have to be measured, sampled and drilled carefully for
a more exact reserve figure.

This is a good back-up property to the Whitecliffs
Deposits, even though the Whitecliffs should produce the
tonnage required. Photos Numbers 7 through 10 show the general
character of these deposits.

Respectfully submitted,

-7 /‘
oiAns € APU

Silas C. Brown
SCB:dm
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SILAS C. BROWN & ASSOCIATES
GEOLOGICAL CONSULTANTS

WHITECLIFFS (MAMMOTH) PHASE II ESTIMATE

Professional services: Min. Max.

Field: 25-30 days geologist @ $350/day
25-30 days 2 assistants @ $150 day each
Total for geologist & assistants = $650/day

= $16,250 19,500
Office: 12-15 days @ $350/day = 4,200 5,250
Expenses: 3 men
25-30 days @ $120/day subsistence 3,000 3,600
Milage: 3000-3500 @ .40 1,200 1,400
Assays: 200-250 @ $16 3,200 4,000
Miss'l: Site office trailer,
assays, reproduction,
phone, etc. 750 1,000
$28,600 34,750
15% contingency 4,290 5,113
$32,890 39,863

Drilling program page 2.




SILAS C. BROWN & ASSOCIATES

GEOLOGICAL CONSULTANTS

Whitecliffs con't.

Drilling program: Min. Max
Rig- moving in & out from Apache Jct. 600 650
Dozer for roads, drill locations,etc.,

10 - 12 days @$75/hour 6,000 7,200
Dozer transport 200
casing transport 100
Water haulage 300
Fuel haulage 40
640 640 640
Casing: 500-750 ft. @$3.00/ft. 1,500 2,250
Drilling: 4000-5000 ft @ $10.00/ft 40,000 50,000
Miss'l. Expenses: Dozer fuel & main-
tainance, Safety & dust control. 1,000 1..250
$49,740 61,990
15% contingency 7,461 9,299
$57,201 71,289
Totals Min. Max.
Professional Services & expenses 32,890 39,863
Drilling program 57 ;201 71,289
$90,091 111,152

////ﬂ/// € 7 %’7“"

Silas C. Brown
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DIATOMITE

By Arthur C. Meisinger !

Filtration (the separation of solids from lig-
uids) is one of the most widely used operations
in industrial processing, and diatomite, or diato-
maceous earth, has been an indispensible filter
aid material for more than 60 years.

The United States, the most important source
of high-quality filter aid materal, is the world’s
largest producer and consumer of diatomite
and, in additon, exports significant quantities.
In the past 11 years (1964-74), world produc-
ton of diatomite has annually averaged over
1.62 million tons.2 Domestic and wurldb produc-
ton increased in 1974 for the third consecutive
year. Although preliminary estimates for 1975
indicate a decline in production from that of
1974, the upward trend is expected to continue
through 1980.

Based on contingency assumptions for various
end uses of diatomite, demand for the year
2000 has been forecast to range from 1.0 million
to 2.1 million tons for the United States and
from 3.2 million to 7.0 million tons for the rest
of the world. The probable domestic demand in
2000 is nearly 1.8 million tons, or a 5.4 percent
annual growth rate through the forecast period,
1973—2500. Domestic diatomite reserves (esti-
mated to be 600 million tons), more than half of
which are contained in current operating depos-
its in Western States, will furnish probable
cumulative requirements of 26.5 million tons
indicated in table 5.

Rest-of-world consumption is forecast to grow
at a probable higher rate of 6.5 percent, primar-
ily because of increasing need for filter media
using diatomite. Expected cumulative demand of
72.3 million tons in the rest of the world by
2000 can be met in part by expanding presently
developed deposits in producing countries and,
in part, by an increase in imports from the
United States. Development of inferred reserves
of diatomite to increase surply availability in all
producing countries would be more than ade-
quate to supFly remaining requirements
throughout the forecast period.

Potenual substitution by competitive materials
is present for all major uses of diatomite:
however, based on availability and technical and
economic factors, the continued desirability of
diatomite for its many applications seems as-
sured.

INDUSTRY STRUCTURE

Background

Diatomite was first produced in the United
States in 1884 on the east coast in Maryland.
Deposits on the west coast were opened to
mining in the late 1880's in California. Califor-
nia emerged as the dominant producing State, a
position 1t has retained since about the time of
World War 1. owing in large part to the
conunuing development of the extensive diato-
mite deposits near Lompoc, Santa Barbara
County. In 1975, Nevada was the second largest
producing State with minor output from Kansas,
Oregon, and Washington. Other States that have
had recorded pr()ducti()n of diatomite are Arni-
zona, Connecucut, Florida, Idaho, Massachu-
setts, New Hampshire, New Jersey, New Mexico,
New York, Utah, and Virginia.

Size, Organization, and Geographic Distribution

United States—The United States is the world’s
largest producer and consumer of diatomite. In
1975, 11 companies actively mined and pre-
pared diatomite from 17 operations in 5
States—California, Kansas, Nevada, Oregon, and
Washington. The major producers are Johns-
Manville Sales Corp. at Lompoc, Calif.; Grefco,
Inc., with operations near Lompoc, Calif. and
Mina, Nev.; Eagle-Picher Industries, Inc., with
facilities near Sparks and lovelock, Nev.; and
Kenite Corp., Division of Witco Chemical Corp.,
at Quincy, Wash. The major firms have other
mineral and manufacturing interests such as the
production of asbestos products, roofing, floor
tile, acoustic insulation, refractories, lead and
anc, plastics, thermal insulation, chemicals, and
industrial fillers.

Other Countries—World production of diato-
mite has annually average approximately 1.62
million tons in the past 11 years (1964-74),
coming from some 30 countries on 6 continents.
France, lualy, the USSR, and West Germany
lead the other countries in diatomite production.
In addition, Denmark annually produces a sub-
stantial tonnage of moler, an impure diatoma-

' Industry economist, Division of Nonmetallic Minerals
! The quantities used throughout this chapter are short tons unless other wise
specified
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ceous earth, used mainly as insulating bricks.
Some of the major European producers are
Carbonisation et Charbons Acufs (CECA). a
subsidiary of Pierrefitte-Auby in France; Verei-
nigte Deutsch Kieselgurwerke KG of West Ger-
many; and Winkelmann Mineraria Spa., Diatom
Spa., and Diatomite Italiane APES, Spa.. Italy
(2).* Johns-Manville Sales Corp., one of the
leading producers and processors of diatomite in
the United States, also ﬁas operations in France,
Iceland, Mexico, and Spain.

World diatomite production and capacity in
1973 and projected capacities for 1974 and 1980
are shown in table 1.

Definitions, Grades, Specifications, and Uses

Diatomite is synonymous with diatomaceous
earth and the lesser used German word, “kielsel-
guhr.” The terms “moler” and "moler earth”
apply to an impure diatomite with a high clay
content produced in Denmark. Diatomite in its
natural state is a soft rocklike material consisung
mainly of an accumulation of siliceous frustules
(shells) or skeletons of diatoms that are micro-
SCOpIC single-celled plants of freshwater and
saltwater origin. Chemically, diatomite is essen-
tially amorphous hydrated or opaline silica with
varying amounts of contaminants such as silica
sand, clay minerals, metal salts, and organic
matter. The silica content of diatomite will range
from about 58 to 91 percent with a correspond-
ing variation of accessory oxides and about 3.5
to 8.5 percent water of combination(5).

Diatoms occur in more than 10,000 speces
and vary in size from several micrometers to
hundreds of micrometers in diameter. The
apparent density of dry consolidated diatomite is
20 to 40 pounds per cubic foot and that for dry
powdered diatomte is 5 to 16 pounds per cubic
foot.

Although no standard-grade specifications ex-
ist for prepared diatomite, sroducers market
diatomite in a range of grades through trade
name designations such as “Celite,” “Celatom,”
“Dicalite,” and “Microsil.” The separation of
products into various grades is based princpally
on different test performance characteristics for
each s(s)cciﬁc application. Based on production
methods, processed diatomite powders are classi-
fied as “natural,” “pink” or calcined, and “white”
or flux-calcined, with a range of grades in each
classification. Those process designations, how-
ever, do not maintain identity into the market
classifications.

Filtration is the major end use of diatomite.

3 lalicized numbers in parentheses refer to items in the list of references at the
end of this chapter.
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Table 1.—World diatomite capacity and production,
1973, and capacity, 1974 and 1980
(Thousand short tons)

1973 Capacity
Capacity Production 1974 1980
North America:
United States e B 1,000 609 1.000 1,150
Costa Rica _._ . . - 30 23 30 35
Mexico _ .. ... _......." _ 35 17 35 40
Mher oo e ce e ' 5 1 5 5
Total __ . ... 1,070 650 1,070 1,230
Europe: o
Denmark ______ . 125 118 125 145
France _.........o._suwsesss 200 190 200 230
kceland . . . 30 24 30 35
Waly . 75 65 75 90
Spain . ovoiaca e 30 22 30 35
USSR - - 450 430 450 500
West Germany ____ asmiss 125 51 125 145
Other e . 25 16 25 30
Total __. ... .. . . 1,060 916 1,060 1,210
Other -
South America ... ___ . 25 17 25 30
Afnca __. : 10 3 10 10
Asia = 10 4 10 10
Oceania T 15 7 15 20
World total 2190 1,587 2190 2510

Other important uses include soft abrasives,
industrial fillers, and lightweight aggregates. Di-
atomite as a filler or extender is used in paint,
asphalt products, paper, and plastics where bulk
is needed with minimum weight; where econ-
omy of more expensive ingregients is a factor;
and when anticaking, good absorbency, and
mild abrasiveness are desired.

Other uses of diatomite include shaped forms
as catalyst carriers utilized in petroleum refining,
hydrogenation of oils, and acid manufacturing;
carrier for insecticides; anticaking agents for
fertilizers and explosives; soft abrasives; a source
for highly reactive silica; and lightweight aggre-
gates, pozzolans, and soil conditioners. '

RESERVES-RESOURCES

Geology

Although actual fossil evidence is lacking,
diatoms apparently lived abundantly in all geo-
logic ages from Precambrian to and including
Recent. However, for diatom_colonies to_accu-
mulate_and _subsequently form._sediments,
“proper environmental requirements are neces-
sary to permit growth and deposition over an
adequate time period:” The more important
requirementsinclude cool, clear, well-lighted
water, a supply of nutrients and dissolved silica,
and relatively quiescent conditions (for example,
protective marine coves or large inland lakes) to
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prevent undue contamination and degradation.
Rates of accumulaton, degree of water tempera-
ture, salinity, and depth are also important in
determining the abundance and spedes of di-
\ atoms found in a deposit (6).

Present economic deposits and other data
indicate that apprecdable diatom concentrations
The important deposit types are—

1. Compact marine sediments, mostly Ter-

tiary in age, that have accumulated near

| are restricted to relatively fecent geologic ages.

continental margins.
/ 2. Nonmarine (freshwater) strata that formed
adjacent to_andient rivers or in lakes of

e

3. Sediments formed in modern - lakes,
marshes, and bogs, usually of Quaternary
or Recent age.

U.S. and World Resources

Diatomite deposits occur in many areas of the
United States and are widely distributed on all
continents, but known data are inconclusive for
a tabular presentation of reserves on a world-
wide basis.

Based largely on descriptions of operating
properties and geologic evidence (5), domestic
reserves are estimated to be 600 million tons—all
located in Western States. The major quality-

rade reserves are contained in the Lompoc,
gama Barbara County, Calif., deposit area, and
are probably sufficent to continue present oper-
ations for at least 100 years. Idenufied reserves
of diatomite in Nevada approximate 25 million
tons (I). Although reserves in deposits in Ore-
gon and Washington are not quantified, current
economic operations indicate suffident quantities
are availabﬁf to meet future demands. Large
resources of diatomite also occur in undeveloped
areas along the Atlantic coast from Maine to
Florida.

Little information is available on diatomite
reserves in other producing countries. Deposits
of high-quality diatomite were discovered near
Inca, Peru, in 1975. Reported indicated reserves
were on the order of 67 million tons. Measured
and indicated reserves in deposits in Brazil,
France, Iceland, and New Zealand are each on
the order of 2.5 million tons.

Total reserves, largely in the inferred cate-

ory, for all countries are speculatively placed at
billion tons.

TECHNOLOGY
Mining

Most commercial diatomite deposits occur at

J

)

/

or near the surface and can be mined by open
pit methods. Dredging with dragline scrapers is
the usual method employed for lake bottom
deposits, such as at Lake Myvatn, Iceland, and
Kentmere, Englarfd. In the Massif Central area
of France, underground mining is used in
conjunction with open pit operations. The par-
ticular. method employed, however, will depend
upon the deposit’s thickness, stratificaton, atd-
tude, areal topography, and nature of overbur-
den.

Diatomite mining in the United States is all
open pit, normally using some combination of
bulldozers, scraper-carriers, powershovels, and
trucks to remove overburden and the crude
material. In most cases fragmentation by drilling
and blasting is not necessary, although that
procedure is followed in certain harder diato-
mite zones and in lenses of waste material.

Processing and Product Preparation

Processing of diatomite involves a series of
basic steps developed and refined by the indus-
t?' over the years, primarily to take advantage
of the unique characteristics of the commodity
for use as a filter aid and filler to meet industrial
requirements. The major processed diatomite
products are powders and aggregates of variable
sizes and grades that have been uncalcined,

~straight-calaned, or flux-calcined.

~Processing of uncalcined, or “natural” grade,
diatomite initially comprises the drying and
crushing of crude material to reduce the high
moisture content (up to 60 percent water).
Further size reduction and removal of water is
usually accomplished by a blower-hammer mill
combination with a pneumatic feed and dis-
charge system to suspend the particles. The
suspended particles and impurities are separated
and removed through a series of cyclone classi-
fiers. The various sized products are then col-
lected in a baghouse for market preparation,
principally for fillers and uses other than filter
aids.

For filtration uses, “natural” grade diatomite is
calcined by heat treatment in a rotary kiln—with
or without a fluxing agent. The calcination
process removes any organic matter or con-
tained water and converts impurities into a
fused slag that is later extracted by air classifica-
tion. The resultant straight-calcined product is
normally applied to filter uses where medium
flow rates are required. For ﬁlten’ng that re-
quires faster flow rates, the addition of a fluxing
agent to the kiln feed sinters the diatomite

rticles and increases the particle size, thereby
increasing the flow rate.
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Figure 1.—Supply-demand relationships for diatomite, 1973.

Current Research and Applications

Research conducted by most of the large
domestic diatomite producers has emphasized
product development that has led to a number
of new applications for the commodity. Some
recent examples of new product applications are
the following: A formulation of properly pre-
pared diatomite to act as an antiblocking agent
when incorporated in polyethylene manufactur-
irllg; removal of manganese from well water by
adding diatomite with soda ash to the water, and
then precipitating the oxidized manganese
through diatomite vacuum filters; the removal
of undesirable material from a dye operation
incorporating diatomite filtration, followed by

nular activated carbon adsorption; and use as
a “sunburn lotion” on freeze-damaged citrus
trees (3-4). In the last case, a finely particulate
diatomite powder is applied as a whitewash on
new tree growth to prevent further damage.
The producers have also been active in process
control research to maintain uniformity within
various product grades.

SUPPLY-DEMAND RELATIONSHIPS

The supply-demand relationship for diatomite

is shown in figure 1 for 1973, and in table 2 for
the period 1964-74.

Components of Supply

The United States is self-suffident in diato-
mite supply, and significant quantities are ex-
ported, mostly in the form of packaged con-
sumer products. The quantity of diatomite im-
ported Ey the United States is minor and is used
primarily for test purposes.

Producer stocks of diatomite are not known
but are believed to range from 5 to 10 percent
of annual production.

U.S. and World Production

U.S. production of processed diatomite in
1974 was 664,300 short tons compared with
nearly 1 million short tons for other produdng
countries. The United States has produced an
average of 607,000 tons over the period 1964-
74, or 37 percent of the world diatomite output.

U.S. and World Consumption Pattern

World consumption of diatomite totaled 1.5
million tons in 1974. The most important end

b
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Table 2.—Diatomite supply-demand relationships, 1964-74
(Thousand short tons)

1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
World production:
United States ____________ 563 584 607 625 646 * 598 598 535 576 609 664
Restofworld ___ ... 809 826 1,186 1.166 1,084 1,018 1,018 11,033 982 v 988 © 1,068
Total ______________ . 1,372 1,410 1,793 1,791 1,730 '1,616 1,613 r1,568 1,558 ©1,597 *1,732
Components of U.S. supply: B T )
US. production _______ e 563 584 607 625 646 '+ 598 598 535 576 609 664
Estimated industry stock, Jan. 1 ___ 50 50 50 50 33 37 37 37 40 38 36
Total US.supply ... __ 613 634 657 875 679 ' 635 635 572 616 647 700
Distribution of US supply = - )
Estimated industry stock, Dec. 31 _ 50 50 50 33 37 37 37 40 38 36 36
Expots _______.__ ... . _____ . 128 114 144 148 168 176 154 142 148 178 188
Demand ___ . . 435 470 463 494 474 1 422 444 390 430 433 478
U.S. demand pattem: “W T
Fikormeda, ..oz i 205 207 213 237 237 £245 258 230 250 262 255
Chemicals ____ » 104 94 93 89 95 "84 84 74 80 91 110
Refractories ____ 17 28 23 20 19 ¥AT 18 12 17 19 32
Other ____ 109 141 134 148 123 '76 84 74 83 61 81
Total U.S. primary demand ______ 435 470 463 494 474 1422 444 390 430 433 478
' Preliminary.
"Revised.
© Estimated.

use of diatomite—filter medium—has steadily
increased throughout the past 11 years. Domes-
tic use for diatomite as a filter medium com-
rised 53 percent of the 478,000 tons consumed
in 1974, World consumption of diatomite for
filter use in various industries such as food,
pharmaceutical, beverage, and munidpal water
processing is estimated to be around 50 percent
of annual production.

The quantity of processed diatomite used as a
filler or extender in the preparation of various
industrial chemicals and paints in the United
States in 1974 was 110,000 tons, or 23 percent
of total consumpuon.

Diatomite used for thermal insulation in 1974
was about 7 percent (32,000 tons) of domestc
consumption. A kiln-fired molded brick is the
primary form for insulation, although diatomite
powders and aggregates are also used as a loose
covering, filling, or binding.

Other uses totaled 81,000 tons or 17 percent
of demand in 1974,

World Trade

The principal diatomite-producing countries
are also the major exporters of diatomite prod-
ucts. Diatomite is used in nearly every country
primarily for filtration purposes.

U.S. exports were 28 percent of domestic
production in 1974, and diatomite products
were exported principally to Canada, Japan, the
United Kingdom, West Germany, Australia, and
‘he Republic of South Africa. Tf;e United States
s the largest producer and exporter of diato-

mite. The U.S.S.R. is the second largest pro-
ducer, but data are not available on exports.
France, the leading producer of filter-aid-quality
diatomite in Europe, supplies most major Euro-
pean markets. Denmark exports about 40 per-
cent of its diatomite production annually along
with a large percentage of moler earth, primar-
ily to the United Kingdom for use as moler
brick in construction and as a fertilizer coating.
The United Kingdom imports various grades of
diatomite that average about 14,000 tons per
year, mostly from the United States, Denmark,
West Germany, and France.

Substitutes

Many alternate materials can be substituted in

end uses for diatomite; however, the unique and
desirable porperties of diatomite assure a contin-
uing acceptance for many applications. Ex-
Fanded perlite, asbestos, and silica sand compete
or some filtration purposes although, in most
instances, diatomite 1s a superior material. Alter-
nate filler matenals include talc, ground silica
sand, ground mica, clay, perlite, vermiculite, and
ground limestone. For thermal insulation pur-
poses, a variety of materials such as high
alumina brick, fire clay, asbestos, mineral wool,
expanded perlite, and exfoliated vermiculite can
be used.

STRATEGIC CONSIDERATIONS

Of the 18 nonmetallic mineral commodities
requiring strategic attention, diatomite has the
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Table 3—Time-price relationship for diatomite

Average annual price, dollars per short ton

Year
Actual price Constant 1973 doliars

1954 39.21 67.49
1955 39.21 66.57
1956 39.21 64 38
1957 4336 68.61
1958 46.18 71.26
1959 4759 72.22
1960 49.50 73.99
1961 50.65 74.70
1962 50.06 72.97
1963 50.72 72.98
1964 50.62 71.80
1965 49.94 69 56
1966 52 44 71.06
1967 52.54 68.95
1968 57.98 73.11
1969 60 96 73.36
1970 54 63 62.37
1971 64.25 70.14
1972 65.19 68.84
1973 5926 59 26
1974 76.31 69.19
1975 ¢ 73.95

' Price data for 1975 is based on preliminary estimate

lowest rating (16) within the medium priority
category. The low rating was established primar-
ily because reserves of diatomite are more than
sufficient to meet cumulative domestic demand
through 1985 and 2000.

ECONOMIC FACTORS AND PROBLEMS

Prices and Costs

The weighted average price (in constant 1973
iatomite has
ranged from a low of $59.26 per ton to a high
of $74.70 per ton over the past 21 years (table
3). Prices of processed diatomite for a variety of
end uses vary depending primarily upon grades,
packaging, and shining costs. In 1974, the
average price for filter grades, the largest_end
use, was $87.40 per ton. Average prices per ton
for other uses in 1974 were insulation, $55.59;
fillers, $77.12; lightweight aggregate, $47.31;
abrasives, $129.51; and miscellaneous uses,
$46.25.

Transportation has always been an important
cost factor in the price of diatomite to the
ulumate consumer because the product is a
high-bulk commodity, and thus has a high
freight rate per ton. The cost of moving diato-
mite (bulk shipments) from western producing
points to midwestern and east coast markets, for
example, has ranged from $25 to $35 per ton.
However, because of essential industry applica-
tions for diatomite, transportation costs have not
seriously affected supply and demand in the
past.

MINERAL FACTS AND PROBLEMS

Taxes and Tariffs

No spedal taxes are imposed on the diatomite
industry. Producers are currently granted a 14-
percent depletion allowance on domestic and
toreign production. Crude or processed diato-
mite is imported free of duty.

OPERATING FACTORS AND PROBLEMS

Environmental

All diatomite deposits in the United States are
currently mined by open pit_methods. They
entail the usual associated environmental prob-

“lems such™as overburden disposal, dust control,

and appropriate rehabilitation of abandoned
quarry sites. The large moisture content of
‘crude diatomite contributes to adequate control
of dust in mining, and almost all processing is
accomplished in enclosed circuits that permit
effective control of silica dust.

Employment Productivity

Employment in the diatomite mining and
processing sectors of the industry is estimated to
be about 850 employees. Based on that number
and the 1974 output, approximately 780 tons of
processed diatomite was produced per produc-
tion employee.

OUTLOOK

Demand

Domestic demand for diatomite is antdpated
to increase to between 1.0 million and 2.1
million tons by the year 2000, with a probable
demand of 1.8 million tons or a 5.4 percent
annual growth rate.

The demand forecast was developed by an
analysis of contingency factors influencing con-
sumption for the major end-use categories.
Diatomite demand for each end use was first
projected to 1985 and then 2000 on the basis of
a forecast growth rate for the gross national
product (GNP), with the exception of the refrac-
tories category, which was [,i)mjected by means of
the Federal Reserve Board Index of Industrial
Production (FRBIPI). The quantities of diato-
mite for each end use indicated by those
projections constituted a forecast base that was
then modified by contingency assumptions such
as technological and economic factors to arrive
at a forecast demand range. The overall de-
mand range was obtained by a summation of
the individual end use forecast ranges.
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Table 4.—Projections and forecasts for U. S. diatomite demand by end use, 1973 and 2000
(Thousand short tons)

2000
Contingency forecasts for United Stataes
End use 1973 Fovecast cange B
F
g Probable
Low High
262 670 585 1275 1,100
91 230 200 390 300
19 55 45 90 85
61 155 120 330 300
433 950 2,085 1,785

Table 5.—Summary of forecasts of U.S. and rest-of-worlkd diatomite demand, 1973-2000
(Thousand short tons)

2000

Probabie average
1973 Forecast range Brobzbio annual growth rate
- 1973-2000
Low High 1985 2000 (percent)
United States:
Primary demand = 433 950 2,085 815 1,785 5.4
Cumulative __ . - 18,000 29,000 7,400 26,500
Rast of the world:
Primary demand 988 3,200 7,000 2,100 5,400 6.5
Cumulative ____ 52,300 85,600 18,300 72.300
Worid:
Primary demand . 1,421 4,150 9,085 2,915 7.185 6.2
Cumulatve 70,300 114,600 25,700 98,800

The summarized diatomite demand forecasts
for the United States and the rest of the world
for 1985 and 2000 are shown in table 4. The
contingency forecasts for the United States by
end use are given in table 5.

End Use Trends

Filter media—The projected demand for this
end use, based on the forecast growth rate for
the GNP, established a forecast base of 670,000
tons. Since increasing needs for water purifica-
don with removal of Impurities in manufactured
products and reusable process fluids are antid-
pated, the high demand forecast was set at 1.275
million tons. The low demand forecast of
585,000 tons was established near the forecast
base because of the possible substitution of other
filter media for diatomite during the forecast
period. The probable demand is 1.1 million tons
(slightly below the forecast high) because of
mucilpa[ed increasing demand for diatomite to
recycle industrial process fluids and munidpal
water supplies.

Chemicals.—Industrial chemical demand was
celated to the GNP to establish a forecast base of
230,000 tons. Some of the products containing
liatomite, like plastics, paper, and paint, could
1ave a higher growth rate than the GNP and
ause projected demand to increase; however, by

2000, alternate materials could be substituted for
some applications. Because of the foregoing
assumptons, the low forecast demand was estab-
lished at 200,000 tons and the high at 390,000
tons. The probable demand of 300,000 tons was
placed nearer the midpoint of the forecast range
because of an anticipated growth rate slightly
below that of the GNE.

Refractories—The demand forecast base of
55,000 tons for this end use category was related
to the Federal Reserve Board Index of Indus-
trial Production (FRBIPI). The forecast high is
90,000 tons because of a probable increase in
use for diatomite in high-temperature equip-
ment. Antcipated availability ofpcompcu'tjve in-
sulating materials suggests a demand of 45,000
tons for the low forecast, but the expected
increase in use of diatomite during the ft))recast
period places the most probable quantity of
85,000 tons nearer the forecast high.

Other Uses—The variety of applications and
broad spectrum of industries involved in this
category was correlated with the GNP to estab-
lish a diatomite forecast base of 155,000 tons.
Consideration of factors such as the develop-
ment of new products requiring greater quan-
tities of diatomite coupled with the possible use
of alternate materials restricting consumption of
diatomite resulted in a forecast of 330,000 tons
for the high and 120,000 tons for the low. The
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probable demand of 300,000 tons, slighdy below
the forecast high, was selected because of the
existing aggressive industry research programs
to develop new uses and cxpand markets for
older products.

Cumulative Requirements to 2000

The probable cumulative U.S. demand of 26.5
million tons during the forecast period, 1973-
2000, can be met from domestic supply at
current prices. The rest-of-world probable” cu-
mulative demand of 72.3 million tons will be
supplied by exports from the United States and
production from other diatomite-producing
countries.

Supply

United States and World Resources.—Deposits of
diatomaceous earth are distributed throughout
the world. However, deposits located in the
Western United States, the U.S.S.R., France, and
Denmark are currently supplying the major
portion of world requirements.

Domestic reserves (estimated to be 600 million
tons), more than half of which are contained in
current operating deposits, can easily sustain
domestic requirements through the forecast pe-
riod, 1973-2000.

Demand for the rest of the world can be met
in part by expanding presently developed opera-
tions in other produang countries and, in part,
by an increase in imports from the United
States. Development of inferred reserves to
increase supply availability in all producing
countries would be more than adequate to meet
remaining requirements throughout the forecast

period.

Production Forecast to 1985 and 2000

Domestic diatomite production was 609,000
tons in 1973 and 664,300 tons in 1974, com-
pared with a demand of 433.000 tons in 1973
and 478,000 tons in 1974; therefore, production
exceeded demand by about 40 percent. The

robable domestic demand in 1985 and in 2000
1s 815,000 tons and 1.785 million tons, respec-
tively. If the current ratio of production to-
demand continues throughout the forecast pe-
rod, domestic production would be 1.15 million
tons in 1985 and 2.5 million tons in 2000.

For speculative purposes, however, a straight-
line projection derived from historical produc-
tion data (table 6) suggests that diatomite pro-
duction in 1985 and in 2000 might be 824,000
tons and 1.033 million tons, respectively, if the
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Table 6.—Comparison of domestic diatomite production
and demand 1954-74, 1985, and 2000

(Thousand short tons)

u.s. Domestic
Year demand production
1954 285 356
1955 302 377
1956 318 398
1957 335 419
1958 341 439
1959 368 460
1960 389 481
1961 406 501
1962 413 522
1963 431 543
1964 435 563
1965 470 584
1966 463 607
1967 494 625
1968 474 " 646
1969 491 667
1970 444 598
1971 390 535
1872 430 576
1973 433 609
1974 478 664
1985 2815 3824 + 1,000
2000 21,785 31,033 ©2,000
« Estimated

' Preliminary, not used in forecasts
2 Probable forecasts from table 5
3 20-year trend

historical trend continues. Based on analysis of
contingency factors affecting domestic produc-
tion, estimated diatomite production will be |
million tons in 1985 and 2 million tons in 2000,

Possible Supply-Demand Changes

No significant supply-demand changes are
anticipated during the forecast period for the
domestic diatomite industry. It is expected, how-
ever, that changes in supply patterns will occur
in areas outside the United States for the larger
diatomite producers. Factors that could provide
incentives for development of overseas eposits
include the impact of inflation on costs, fluctuat-
ing freight markets, and the gradual expansion
of industrial activity in developing countries.
Increasing freight rates could aE() reduce U.S.
exports in the future.

Possible Technological Progress

Production methods at currently operated
deposits are relatively simple; thercfore, no
significant changes. in technology are antidpated.

¢ most likely area for change will be in the
utilization of diatomite where the pressure of
competitive materials will require progressive
improvements in efficiency and applicability of
products. An increase in population and spread
of industrial activity will also require larger
quantities of clean and potable water entailing
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recycling of liquids through low-cost filter mate-
rials, such as (liau)mite. Some research has been
done by industry (Johns-Manville Sales Corp.
announced the availability of a diatomite recy-
ding system in 1972) on recycling with diatomite
filter aids.

Possible advances in development of beneficia-
uon methods may be applicable to purifying
low-grade, clay-contaminated diatomaceous earth
which, in turn, could decrease final consumer
osts by reducing shipping costs from more
distant deposits to the market areas.
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DIATOMITE

By Benjomin Petkof

toms secreted silica from the prehistoric
seas in which they lived. Upon their
death their silicified remains settled to the
bottom and formed sedimentary deposits of
amorphous silica of great depth. This ma-
terial, referred to as diatomite, possesses certain
physical properties which make it valuable as
a filter medium, as industrial filler, for thermal
and accoustical insulation, and for many other
purposes.
The United States leads the world in produc-

MICROSCOPIC water plants called dia-

tion, with primary production in California.
Production during 1960-62 averaged more than
482,000 short tons per year, valued at about $24
million.

The principal problems confronting the in-
dustry concern the search for new uses, develop-
ment of specialized processes and equipment for
improvement of efficiency and product quality,
health hazards, high transportation cost, and
need for markets for low-quality diatomite and
any coproducts developed during mining,

BACKGROUND

In A.D. 532, the Roman Emperor Justinian I
used diatomite brick to lighten construction of
a dome 107 feet in diameter in the church of St.
Sophia in Constantinople. The first large-
scale application of diatomite was as an ab-
sorbent for liquid nitroglycerine, developed by
Alfred Nobel in 1886; this use is now obsolete.
The first extensive use to survive was for filtra-
tion of raw cane sugar liquor. This application
dates from 1876, when diatomite began to
replace paper pulp, compressed cotton, and
asbestos-cellulose filter pads (2, 6).2

The most important developed domestic de-
posits were discovered about 1890 near Lompoc,
Calif. TInsulating brick cut from naturally
consolidated diatomite was the first quantity
product of the Lompoc mines. In 1906, the first
mill was built at Lompoc to pulverize the di-
atomite. In 1912, new owners of the Lompoc
quarries organized the Kieselguhr Co. of
America and began a program to develop dia-
tomite as a filter aid. Subsequently, the firm
name was changed to Celite Co. This organi-
zation acquired extensive adjoining acreage in
1926, and 2 years later was sold to the Johns-
Manville Corp. Great Lakes Carbon Corp. has

1 Commodity specialist.
2 Italicized numbers in parentheses refer to items in the
list of references at the end of this chapter.

766-928—65

since acquired and developed a large acreage in
the Lompoc area (17).

SIZE AND GEOGRAPHIC DISTRIBU-
TION OF THE INDUSTRY

The United States is the largest world pro-
ducer and user of diatomite. During 1963, 15
plants operated by 13 companies produced diato-
mite. In 1962, 12 companies operated 14 plants,
producing an average of 482,000 short tons per
year valued at about $24 million. California
produced the bulk of domestic supply with
smaller quantities from Nevada and Washing-
ton. Arizona, Maryland, and Oregon provided
minor quantities.

The major producers during 1963 were J ohns-
Manville Corp. at Lompoc, Calif.; Great Lakes
Carbon Corp., at Lompoc, Calif., and Basalt,
Nev.; The Eagle-Picher Co. at Colado and
Clarke Station, Nev.; and the Airox Co. at
Santa Maria, Calif. The remaining nine pro-
ducers, in Arizona, California, Maryland, Ne-
vada, Oregon, and Washington, furnished about
7 percent of the total production.

Diatomite is mined in the U.S.S.R., Denmark,
France, West Germany, Italy, the United King-
dom, and other countries.

d:
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DEFINITION OF TERMS, GRADES,
AND SPECIFICATIONS (4, 8—10)

The terms “diatomite”, “diatomaceous earth”,
and “kieselguhr” are synonymous and cur-
rently preferred for this commodity. Errone-
nous nomenclature occasionally encountered
includes infusorial earth, infusorial silica,
tripolite, and other local designations.

iatomite is largely a fossil accumulation of
diatoms, usually with some radiolaria and
smaller amounts of foraminifera. These are
all microfossils, diatoms being planktonic sili-
ceous plant organisms, while radiolaria are
planktonic siliceous, single-cell animal orga-
nisms. Foraminifera are calcareous animal or-
ganisms. Diatomite is essentially amorphous,
hydrated, or opaline silica with various con-
taminants, such as silica sand, clay minerals,
iron, alkalies, and alkaline earths. The chemi-
cally combined water ranges from 314 to 8%
percent. Apparent density of dry consolidated
material varies from 20 to 40 pounds per cubic
foot, and the dry powder from 5 to 16 pounds
per cubic foot.

Unprocessed diatomite has a hardness be-
tween 4 and 615 on Mohs’ scale. It is softer
than opal, and appears to be only slightly
harder than brass, which is considered 315 on
Mohs’ scale.

Qualities responsible for the wide use of
diatomite include its structure, porosity, low
apparent density, strength, elasticity, chemical
inertness, low thermal conductivity, light color,

high melting point, and large surface area per
unit of weight.

Three general grades of prepared diatomite
are based on heat treatment after the usual
drying and reduction stages. These grades are
called “natural,” “calcined” or “pink,” and
“flux calcined” or “white.” The natural is that
material sold without heat treatment after dry-
ing, delumping, and air classification. The cal-
cined grade is similarly processed and is heat-
treated in direct-fired rotary kilns using gas
or fuel oil without fluxes, while flux-calcined
material is calcined with the addition of a
fusible alkali salt.

The Great Lakes Carbon Corp. markets its
processed diatomite under the trade name of
Dicalite, Eagle-Picher Co. Celatom, and Johns-
Manville as Celite. The various processed
grades are also named or numbered by each
company for designating material with certain
standardized qualities, such as color, bright-
ness, particle size range and distribution,
chemical analyses, and filtering speed.

[

{

Tasre 1.—Typical chemical analyses of proc-
essed diatomite (dry basis)

Natural Calcined ‘White

(percent) (percent) (percent)
86.8 91.0 87.9
4.1 4.6 5.9
___________________________ 1.6 1.9 1.1
_________ 1.7 1.4 s 15§
.4 .4 .3
8014 (7[0)1 8 (7.1 R, 4.6 .3 «1
Undetermined... .8 .4 3.6

Geology (2, 4, 6, 11)

The principal commercially developed diato-
mite deposits were formed in the late Miocene
to early Pliocene ages when volcanic activity
furnished silica-rich waters combined with ideal
sunlight conditions and plant food supply.
Each diatom extracted silica from the waters,
secreting it to form minute, siliceous, two-
halved envelopes or frustules with various in-
tricate and often symmetrical designs. The
two halves are not hinged but fit together. A
small diatom measures less than 10 microns, a
large diatom 100 microns or more.

he fossil species involved are single-celled
algae. More than 12,000 different frustule pat-
terns have been identified. These are micro-
porous structures, many containing substruc-
tures only visible under the electron microscope.
Although fossil frustules are known to be more
than 25 million years old, these shells are iden-
tical to those of their living descendants.

Some diatomite beds are of fresh water ori-
gin, while others accumulated in ocean waters.
Both lake and marine varieties are mined com-
mercially; the frustule patterns of the diatoms
from the two sources differ considerably so that
the sources of each can be determined with a
microscope.

The porous structure of individual diatoms
and their massed arrangement impart unusual
filtering properties to diatomite. When used
as a coating on filter cloth diatomite strains
out microbes and colloids from liquids and still
permits relatively rapid flow of the filtrate.
The filter coating is about 90 percent voids.

Some authorities believe that the marine dia-
toms of the Pacific Coast propagated in the
colder climates of the north Pacific during the
Miocene and were carried south by ocean cur-
rents and trapped in protected coves of the
California coast.

As zones of varying hardness are found in
many deposits, particularly near the surface,

{ sampling must be conducted to depth.
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Mining (2, 5-6, 9, 11)

All current mining is by open pit. The first
step is to remove the overburden with high-
speed, power-driven scraper-carriers or bull-

ozers. Thickness of overburden ranges from
1 to 15 times the thickness of recoverable and
usable diatomite. After exposing the diato-
mite, the mining is done either with the same
carryalls used for stripping overburden or with
power shovels, loading into trucks. The Johns-
Manville Corp. hauls the crude to a series of
glory-hole storage shafts at strategic points in
the deposit and above a tunnel system. These
tunnels terminate near central storage bins close
to the mill where crudes of differing grades
can be segregated for specification blending.

Mining is complicated by faulting, combined
with interbedding of contaminated material
which must be wasted. In the Lompoc, Calif.,
area, selective mining is done within a total
vertical thickness of about 1,000 feet. The pur-
est material lies in a series of beds stratified
with thin layers of volcanic ash down to the
500-foot level. Stratification lines are seldom
more than one-fourth inch thick. Below this
zone is a conchoidally fracturing bed several
hundred feet thick contaminated with argil-
laceous material up to 10 percent alumina.
Under these two beds may be another series
of varying purity, also interstratified with ar-
gillaceous diatomite and volcanic ash.

In some cases wet ore goes to a storage area
at the quarry where air drying takes place.
It is loaded into bottom-dump trailer trucks by
bulldozer or slusher hoist and slackline cable
drag-scraper for transporting to the mill.

Milling (2, 5-6, 9, 11)

The cost of a plant to process 50,000 tons of
diatomite per year is about $2.8 million. Be-
cause of the climate, Western plants are of the
outdoor type and house only the packing and
storage departments and operating control
room.

The process outlined diagrammatically in
figure 1 covers the Great Lakes Carbon Corp.
plant at Lompoe, Calif., which is typical of
large-scale diatomite processing.

Diatomite freshly mined from the Lompoc
area frequently carries 50-percent moisture by
weight; in which case 1 ton of water must be
evaporated for each ton of dry diatomite pro-
duced—an expensive step in the processing.
Drying is accomplished in a hot %neumatic Ssys-
tem embodying flash-drying, combination blow-
er-hammer mill comminution, air cyclones, and
dust collectors. The diatomite is transported
through the system by moving hot gases.

The processing system has three general divi-
sions—a wet-end circut, a calcining section,
and a finishing circuit. Crude ore passes
through a crusher to a storage bin, discharging
to a combination miller-blower with simultane-
ous injection of a large volume of hot air from a
direct-fired oil or gas furnace. The blower
injects the ore and hot gases into a system of
cyclones and dust collectors, which release air
and moisture to the atmosphere, sludge waste
to a settling pond, and dry diatomite to the
calcining kiln. Impurities not eliminated in
the wet-end circuit are usually removed in the
finish-end separators.

When flux calcining takes place, 3 to 10 per-
cent by weight of either soda ash, sodium
chloride, or caustic soda is added at the crude
ore storage bin. Calcination affects the filter-
ing properties of diatomite by changing the
surface texture, agglomerating fines, and con-
verting clay minerals which were not removed
in the wet-end circuit to aluminum silicate slag.
These slag particles are then largely eliminated
in the finish-end trapping circuit. Organic
matter is removed by combustion during
calcination.

Calcination with fusible alkali salts reduces
the diatomite surface area per unit volume of
the finished product. It also whitens the prod-
uct, thus increasing its value as a filler where
color is significant. Kiln feed temperature is
300° to 400° F'; maximum discharge tempera- (|
ture is 2,200° F.

The calcine drops to a hammer mill in which
Iumps are broken and passes to a milling
blower, further reducing the particle size and
carrying the calcine to air separators. Any
dense particles still in the circuit are trapped
in one of these separators and eliminated as a
final waste product discharge.

The last air classifier exhausts a fine finished
product to a baghouse while discharging a
coarser main product. Both of these finished
products go to storage hoppers and baggin
machines where they are packed in 50-poun
paper or cloth bags.

Waste products comprise about 16 percent
of total feed.

USES (2, 4-6, 8-10, 12)

The primary industrial application of diato-
mite is as an industrial filtration medium for
liquids ranging from municipal water supplies
to alcoholic beverages. Additional uses for
diaomite are as fillers, as thermal and accoustic
insulation, and for miscellaneous uses such as
absorbents, abrasives, polishes, catalyst carriers,
glazes, paints, pozzolan, anticaking agent, in-
secticides, fungicides, fabrication of synthetic
silicates, and lightweight aggregate.
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Ficure 1.—Flowsheet for the Processing of Diatomaceous Earth at Great Lakes Carbon Corp., Lompoc, Calif
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Products filtered with the aid of diatomite
include sugar liquor, alcoholic and nonalcoholic
beverages, acids, water, petroleum compounds,
varnishes, shellac, waxes, greases, resins, plating
and dry-cleaning solutions, vegetable oils, gela-
tins, and antibiotics.

Industrial filters have frameworks support-
ing filter cloths or wire mesh on which a pre-
coat or cake of porous filter-aid material, usu-
ally diatomite, is uniformly deposited. By a
difference in pressure between the two sides of
this septum, the liquid from the liquid-solids
mixture is forced through the filter aid and
filter cloth so that the solids to be filtered out
are deposited on the precoat.

The continuous filter cycle is started by filling
the circuit with a mixture of clear liquid and
filter aid until a precoat 1 to 2 inches thick is
deposited on the filter cloth. The pulp to be
filtered is then introduced with periodic addi-
tions of filter aid so that a porous sludge is be-
ing constantly deposited on the precoat.

As a mineral filler or extender diatomite is
low in cost and imparts such desirable physical
properties as light unit weight, strength, elas-
ticity, chemical inertness, low heat conductivity,
light color, and reduces reflection of light (flat-
ting agent). Its market as a filler is largely in
paint, asphalt, rubber, paper, plastics, and
nsecticides.

As diatomite is composed of about 90 percent
voids and has a relatively high melting point
1t is a good insulator against heat and sound.
It consequently finds applications in furnaces,
kilns, refrigerators, safes, and building con-
struction as either brick, shapes, or loose fill.

ALTERNATE MATERIALS

Expanded perlite and silica sand can replace
diatomite as a filtration medium. Tale, ground
silica sand, barite, gypsum, wollastonite, clay,
perlite, vermiculite, chalk, and ground lime-
stone are filler substitutes for diatomite.

Vermiculite, perlite, cinders, expanded clay,
shale, and slag can replace diatomite as mate-
rial usable for lightweight aggregate. When
used for insulation, diatomite competes with
high-alumina brick, fire clay, asbestos, kyanite,
synthetic mullite, mineral wool, expanded ver-
miculite, and perlite.

RESERVES

Domestic deposits are widely distributed
throughout the country. The best known de-
posits and reserves occur in the West and the
largest known reserve, currently being mined,
lies near Lompoc, Calif. This deposit extends
over many hundreds of acres with beds reach-
ing 1,400 feet in thickness. Arizona, Nevada,
Oregon, and Washington currently produce

diatomite and have large undetermined reserves
of material. The Western States are capable
of meeting national requirements for many
years. Deposits also occur in nearly all Atlan-
tic coast States from Maine to Florida. How-
ever, these deposits have been unable to compete
with western material (4).

Adequate published information on foreign
reserves is not available, but diatomite deéoosits
occur on every continent. Deposits capable of
sustaining a processing plant have been con-
firmed in Iceland. A proved reserve of approx-
imately 6 million tons is available in Kenya,
Africa, with an additional 4 million tons esti-
mated to be available. Additional deposits are
known in numerous countries with undeter-
mined reserves (12). .~

PRODUCTION, CONSUMPTION, AND
TRADE (12)

Bureau of Mines statistics are collected on
the basis of sales and use of mined diatomite by
both producers and consumers. Therefore, the
data shown in table 2 are representative of both
production and of consumption plus exports.

Government records of imports or exports of
diatomite are not available. Presumably very
little material is imported because of high trans-
portation costs from most foreign countries.
U.S. producers export better quality prepared
diatomite, but the quantity is believed to be
small.

Crude or processed diatomite may be im-
ported duty free.

World production of diatomite is shown by
countries in table 3.

TaeLr 2.—Diatomite sold or used by producers
in the United States, 3-year totals

Quantity, Average
Years short tons value per
ton

1945-47_________________ 640, 764 $20. 17
1948-50_ _______________ 722, 670 25. 55
1951-63 . _____________ 908, 448 29. 97
1954-66_ _ _ _____________ 1, 105, 279 39. 21
1967-59_ . 1, 349, 340 45.73
1960-62_ . _____________ 1, 446, 625 50. 08

PRICES AND COSTS

Prices vary according to purity of the dia-
tomite, its particle size range, whether it is un-
calcined, calcined, or flux calcined, whether it is
in bulk or bagged, and the type of bag used.

Average prices of diatomite during 1963 are
presented in table 4. These values were ob-
tained from direct canvass of the industry by
the Bureau of Mines.
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TasLe 3.—World production of diatomite, by countries**

[Short tons]
Country ! 1954-58 1959 1960 1961 1962 1963
(average)
North America:
CANAda. s cccaimnm mimmmme i i —— 34 5 44 214 211 322
Costa Bitl e oo s 2, 860 2,425 2, 425 717 827 32,000
Guatemals . - = oo smmmommmm o e )i (07 (T ) SO N PR B P et
NICATAZUS - - == mm = mmm w2 i | = i i o i 1, 887 2, 249 2,976 1,414 31,400
United States - - - ccomcocmomomemme 400, 968 | ¢ 449,789 | ® 482,202 | © 482,202 | ° 482,202 | ° 482,202
South America:
ATZONTIR s sionimimimimimmim i s 4,233 4, 829 117 1, 286 180 31,000
Chile. _ _ssmsmmmammmmmmm i 117, |ssscne mm o |smmssmamms |swse | mommn s - o mm e =
[ 8753155 111 )1 S S 187 330 440 330 150 3150
1200) ) S 39 254 1,284 2, 048 1, 624 31,600
Europe:
VBRI = v o e SR 4,275 4,492 4,431 5,993 4,613 84,500
Denmark:
Diatomite.x -ccumerwmmanom= s 15, 895 18, 200 17, 600 21, 500 22, 000 8 22,000
MolET 30 amm m = s S it 193,500 | 205,000 | 204,300 | 212,900 | 230, 800 220, 500
Fialand o cepmsmmas commmmmnmemmmmews 2, 030 1, 520 1,457 805 1,323 81,300
FRANeE 1 e s simm s mmm e s 81,216 | 112,821 | 140,468 | 118,429 | 110,000 | ® 110,000
Germany, West 7 (marketable) ... ____ 64, 796 55, 737 51,138 72,201 67, 792 3 66, 000
DRI et i i e N 22,106 | 57,099 | 51,888 | 355,000 | *55,000| @55 000
Portugal ¥ coscommmmme smmcns smm— e 1, 853 2,075 1,172 847 1, 598 31, 600
SPAIN 7 e 13,138 11, 561 13, 840 19, 351 13,352 | 313,000
Swedell - - . csssssermsmm e S s 1,292 764 453 783 3770 3770
TLS.BRE o v mmmcmsss S s ®) 275,000 | 300,000 | 330,000 | 330,000 345, 000
Tnited Kingdom «e e s mmmmae wm s 25,409 | 219,000 16, 553 24,920 | 324,900 324,900
Yugoslavit_ - - - - cmsmessssssassamm2s 34 400 35,000 35,000 85,000 4, 500 34 500
ﬁsia: Korea, Republicof .- _____ 2,134 1, 865 2, 646 1, 989 758 2,407
frica:
Algeria oo oo 29, 280 38, 087 24, 266 34, 315 30, 534 39,000
KENYA - - - ommm e 4,200 4, 041 3,791 3, 537 3, 207 33,300
Mozambique 292 lesssamemen 103 397 |mecinamo clesea i
Southern Rhodesia 7-csacnmmomommmmi] - cwemwswes 148 164 409 423 301
South Africa, Republic of . __—_____ 700 397 346 137 647 3250
United Arab Republic (Egypt)-_-____ 364 440 805 332 55 8 55
Oceania:
AUSEAIN .~ - o o mmmm e s 5,988 5,700 5,218 6, 067 8,189 34 700
New Zealand -~ zoceemsmmmmmamse 2,167 8, 152 6, 992 3, 961 2, 099 32, 200
World total (estimate) 12__________ 1, 235, 000 |1, 480, 000 |1, 550, 000 |1, 635, 000 |1, 630, 000 | 1, 610, 000

1 Diatomaceous earth is produced in Brazil, Bulgaria, and Japan, but data on output are not available; estimates
are ineluded in total. Hungary and Rumania may produce diatomaceous earth, but data are not available and no

estimates are included in total.

2 This table incorporates some revisions.

estimated figures are included in the detail.

3 Estimate.
¢ Average annual production 1957-59.
5 Average annual production 1960-62.

Data do not add exactly to totals shown because of rounding where

6 A clay-contaminated diatomite used principally for lightweight building brick.

7 Includes Tripoli.

8 Data not available; estimate included in total.

TaBLE 4—Awerage value per ton of diatomite
wm 1963
Use Value
Filtration $62. 26
Insulation 49. 91
Abrasive _ _ . ______ - 137. 00
FHIRTS: oo e mrr s sl S E o 50. 07
Miscellaneous. - .- sumssmnsessmasmmmcses 30. 20

TAXES

Producers are accorded a 15-percent deple-
tion allowance in computing Federal income
tax on diatomite operations.

TRANSPORTATION

Transportation of diatomite is an important
economic factor in the industry. This low-den-
sity, high-bulk material must be moved from
western  production areas in California and
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Nevada to the highly industrialized East and
Middle West where it is used.

RESEARCH

Several large producers maintain labora-
tory facilities and engage in research into new

7

uses, improvements, and product standardiza-
tion. Additional research is carried at the uni-
versity level, especially in the area of filtration
and filter aids. Recent Bureau work has been
limited to the investigation of the diatomite-
bearing strata of Choctaw and Clark Counties,
Ala. (7).

OUTLOOK

Recent data indicate that diatomite produc-
tion for various industrial uses has been steadi-
ly increasing at an average annual rate of about
5 percent. The demand for diatomite should
continue, and a small but steady production
increase can be expected.

Individual uses such as filtration, filter aid,
industrial filters, insulation, and other miscel-
laneous uses have shown a steady or increasing
demand since 1959. The abrasive use of
diatomite is small and has steadily decreased ;
in time it may cease completely.

The increasing demand for diatomite may
encourage exploration for new deposits and
eventual exploitation of less desirable impure
deposits.

Applied research by diatomite users and pro-
ducers will continue to develop new applications
for this nonmetallic mineral. Additional re-
search and resource investigations may be car-
ried out by the Bureau of Mines and the various
agencies of diatomite-producing States.

Domestic reserves of diatomite are adequate
for the forseeable future.

PROBLEMS

Shortage of high-grade diatomite deposits in
the eastern and central sections of the country
and lack of economical techniques to beneficiate
low-grade diatomite are obstacles to the devel-
opment of diatomite production closer to major
consuming markets.

The high cost of transporting diatomite from
the current major producing areas in the West-
ern States to the principal markets in the highly
industrialized Eastern and Central States re-
mains a primary industry problem.

Potential newcomers in the industry are
handicapped by the limited availability of in-
formation on methods of testing, beneficiation,

and other technical data. Almost all research
is sponsored by industry, and results are not
published.

Processing problems occur in the industry
which require the development of special tech-
niques. The high ratio of water in some newly
mined diatomites, the fragile character of the
material, and the complex specifications re-
quired for the final product are examples of
industry problems.

If rigid precautions are not observed, dia-
tomite dust can cause pneumoconiosis among
workers, especially in plant areas where dust
from calcining operations is present (7, 3).
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FOREWORD

Among the many non-metallic minerals described in the Arizona Development
Board's book on Natural Resources is diatomaceous earth.

Because of the apparent extent of the deposits in Arizona and the increasing
demand for it in today's markets, the Board commissioned Arizona Research
Consultants to explore the substance as found in the state in more detail,

This report, therefore, is a companion study. It is highly technical for the
layman, but will find wide and understanding readership among those who now
use diatomaceous earth in their products or fields of endeavor.

In general, this mineral is used wherever an inert bulking agent or filler is
needed--as a filtration medium in cleaning liquids for repeated use; as an
admixture for lightweight cement; as a pozzolanic material in massive concrete
structures; as a filter in plastics; for insulation, sound-proofing and fire-
proofing; for abrasives and polishes; as a flatting agent in paints; as a bulking
agent for fertilizers.

It is the hope of the Arizona Development Board that this report will stimulate
Investment capital in commercial mining of the known deposits; that other
deposits will be discovered and that it will contribute substantially to yet another
facet of the industrial economy of Arizona.



INTRODUCTION

The diatomaceous earth deposits described in this report are readily accessible
and of sufficient size to be economically important. Numerous other samples have
been examined in the laboratory which are not reported here. Upon investigating the
source of these samples, it was usually found that they represented small outcroppings
or deposits too small to support a mining operation, In a few cases it was not possible
to even definitely establish the source of the samples., These samples did serve to in-
dicate how widespread the occurrence of the diatomaceous earth is in Arizona. It is
possible that continued prospecting and field work will uncover still other large reserves
of diatomite,

The data presented here was obtained from composite samples which were
selected at random at a particular deposit. They do not completely describe all of the
diatomite in a deposit, but should be indicative of the characteristic properties of the
diatomite there. A more detailed study should be undertaken on each deposit to clearly
define areas and strata containing the various grades of diatomite,

It is evident that Arizona has almost unlimited reserves of diatomaceous earth,
Most of the deposits are situated reasonably close to the utilities and transportation
facilities that are required by a modern industrial plant., The small Arizona communi-
ties in the vicinity of these deposits are actively seeking new industries and will be most
cooperative with any new industrial development project. The rapidly expanding western
markets and the growing yearly consumption of diatomaceous earth are creating an in-
creasing amount of interest in Arizona deposits. No company utilizing diatomaceous
earth or products derived from it should overlook an opportunity to further investigate
these Arizona deposits.



DEFINITION

Diatomaceous earth is a general term applied to many types of sedimentary
deposits containing the fossils of diatoms, It is usually contaminated with varying
amounts of other materials, It is also known as infusorial earth, kieselguhr, tripolite,
fossil flour, diatomite and incorrectly as tripoli. While deposits may have different
physical properties all types of diatomaceous earth contain the highly siliceous frus-
tules of diatoms which may be observed under the microscope, Common impurities
are clay, sand, lime and pumicite and it is these impurities that give the great variety
of appearance to diatomaceous earth,

Diatoms or bacillariales, are microscopic unicellular plants belonging to the
algae family, They are distinguished by the complex structure of their cell-walls
which consist chiefly of silica, They occur in both marine and fresh waters either
singly or in great colonies, The individual diatom is extremely minute and seldom
exceeds a length of 1/200 of an inch. Over 15, 000 species of diatoms are known and
have been described in the literature., Species which were known to have existed
25,000, 000 years ago are still found in present day waters, The individual cells of
diatoms are called frustules whose walls consist of 2 similar halves. One-half is
slightly smaller than the other, the smaller fitting into the larger like a box fits into
its cover,

The ordinary mode of reproduction is by cell division. The protoplasm

- divides into two masses and the halves of the shell or frustule begin to separate. Upon
the completion of cell division each new diatom has a half shell from the parent cell and
a half shell that it has formed itself. Cell division occurs every 8 to 24 hours depend-
ing on environmental conditions and a single diatom may give rise to as many as one

. billion new cells in a month,

The conditions necessary for the growth of diatoms are moisture and light.
Diatoms can occur wherever these two conditions exist, in soil, on moist rocks, in
ponds, pools and large bodies of water., Where conditions for the growth of diatoms
remains ideal for long periods of time, large deposits of diatom shells may accumu-
late on the bottom of the sea or inland lake., Since the siliceous frustule is practically
impervious to most of the forces of nature, the diatom fossils remain intact and
identifiable for millions of years., Thus it is possible to classify the types of diatoms
in a deposit that may be as much as 25 million years old.

The system of classification of diatoms usually followed is one put forth by
Schutt in 1896, which separated them into two primary divisions; the Centricae and the
Pennatae, The Centricae include diatoms in which the valve view (top or bottom of the
box-like shell) possesses a radial symmetry around a central point and contains no
raphe, The Pennatae comprise those in which the valve view is boat or needle shaped
with striations or markings on each side of a median line, The Centricae are much
more abundant in sea waters and serve to identify marine deposits.



ARIZONA OCCURRENCES

In Arizona extensive deposits of diatomaceous earth are found along the -+ ~
principle river systems, particularly in the Gila and San Pedro valleys. They occur
as bedded deposits in Pleistocene and Pliocene sediments. The overburden consists
of sediments and alluvium of recent and Quaternary origin except where erosion has
exposed the diatomaceous earth strata, In places erosion has cut deep canyons into
the diatomaceous earth and exposed layers of diatomite 100 feet or more in thickness.
Other geological evidence indicates that marshes and extensive inland lakes and seas
occupied this part of Arizona in the late Tertiary period, Fossils of various pre-
historic animals are also found in the river valleys which contain deposits of diato-
maceous earth, The supposition that these bodies of water were fresh-water inland
seas and not intrusions of salt water from the ocean is supported by the fact that the
majority of fossil frustules making up the diatomite belong to the Pennatae division.

The general areas in which diatomaceous earth is found in Arizona are shown
on Figure 1, At the present time known occurrences are limited to the valleys of the
Gila, San Pedro and Verde rivers. A deposit has been reported in the western part of
the state along the Colorado River but it has not been possible for personnel from this
laboratory to substantiate this claim, Each of the areas indicated contain numerous
deposits of varying size and grade. Some beds which may be an integral part of a
large deposit occur over a much greater area than the other beds making up the de-
posit and indicate that the 1nland seas may have varied considerably in size during
stratam may outcrop. off and on. for a d1stance of 30 miles. )Zjharacterlstlc bands of |
pumicite occur at the same relative elevation in many of the deposits and serve to in- ;
dicate the position of the beds of diatomite which are known to occur above and below |
them_:J These bands are of considerable aid in determining the possible extent of the
d1atom1te ina Qro Mggct The areas indicated in Figure 1 might well contain la.rge /
deposits which as yet are not known to exist either because erosion has not exposed '
any of the diatomite or they occur in inaccessible areas. In some places erosion has
caused such extensive damage that little diatomite remains in a region that shows
evidence of once having been covered with it,

The principle known deposits of diatomaceous earth are indicated in Figure 2.
Only those deposits of sufficient size and quality to be of economic interest have been
represented there,

Some of these deposits have been worked on a small scale but the majority of
them have not been commercially developed. Diatomaceous earth was first reported
in Arizona by Blake (1) in 1903, He described the deposit located across the San Pedro
River from Mammouth and reported the possible existence of other deposits in the San
Pedro River Valley, Several deposits along the San Pedro and one along the Gila
River were reported by Trischka (2) in 1929, In spite of these early accounts of the
occurrence of diatomaceous earth deposits in Arizona, they have attracted little or
no attention until recently,
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The rapidly expanding market for diatomite products in the last 15-20 years
has sparked a renewed interest in Arizona's diatomaceous earth. The average yearly
production since 1930 in the United States as well as the average price per ton at the
mine is plotted in Fig. 3. As the market increases the importance of Arizona's de-
posits to our national economy also increases., Most of the Arizona deposits are
located in terrain suitable for open pit mining operations. They are all located
reasonably close to a railroad and to one of our national highways, They are also
closer to the bulk consumers which are the eastern markets than deposits currently
being worked on the west coast, These factors all contribute to making an investi-
gation of diatomaceous earth deposits in Arizona a worthwhile project.

MAJOR DEPOSITS i

Mammouth deposit

The best known Arizona deposit lies on the east bank of the San Pedro River )
directly opposite the new mining community of San Manuel in Pinal County. It is
commonly known either as the Mammouth deposit or the White Cliffs Mine and can
be reached from the town of Mammouth by crossing the river and following the east
bank of the San Pedro River south for a distance of eight miles on a graded county
road. It can also be reached by driving east from San Manuel on a graded county road
for a distance of 5 miles and crossing the river to the deposit., Rail service connecting
with Southern Pacific is available at San Manuel. The El Paso Natural Gas Co. pipe
line extends to the San Pedro River directly across from the deposit and electric power
is available from the Arizona Public Service Company s lines which cross the deposit.
The deposit covers about 6 sections located in 17 E, i(f 9 S with respect to the Gila
and Salt River Base Line and Meridian. The deposit lies nearly level with the beds
dipping slightly to the east, Some faulting has occurred and in pla.ces the continuity of

\the ‘bedding has been disturbed. A number of canyons transect the deposit from east

to west and in places expose more than 100 feet of diatomite, Drainage is from east to
west into the San Pedro River. The river is dry except during the rainy season in
July and August., Surface run-off from the Galiuro Mountains to the east is diverted
around the deposit by the Big Gust James Wash and flood waters are not a problem
during the rainy season., Typical Sonoran desert conditions are found at the deposit.
The sparse vegetation consists mainly of mesquite, catclaw and greasewood. In

spite of the dry surface conditions abundant water is available from underground
sources. An artesian well has been drilled on the western edge of the deposit and is
used to irrigate farm land along the river bottom. Two well defined clay strata about

four feet in thickness are found near the top and near the bottom of the deposit. Some

diatomite occurs above and below them and approximately 100 feet of excellent white
material lies between them, Over many acres of the deposit the upper clay band has
been eroded away to expose the diatomite. In places where the diatomite is exposed
it is possible to mine the material by ripping it loose with a bulldozer. A photomic-
rograph of a typical sample from the deposit is shown in Fig, 4. Most of the diatoms
present are Navicula (canoe shaped) with 20%-30% Synedra, Also present are sponge
spicules and volcanic glass, Some chemical and physical properties are presented
in Table 2,
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The largest deposit of diatomaceous earth in Arizona is found in Graham County e
on the San Carlos Indian Reservation, It lies on the north side of the Gila River a few y
miles from the present river bed and extends into the mountains to the north, This
portion of Arizona has not been surveyed and it is not possible to locate the deposit
with respect to section, range or township. This land is not open to mineral location
and mining rights must be secured from the San Carlos Apache Tribal Council. The
deposit was first described by Bromfield and Shride (3) of the U. S. Geological Survey.

This deposit is readily accessible and can be reached from the towns of
Peridote or Bylas on the recently realigned section of Highway 70, In a number of
places, highway cuts have exposed 20 to 30 feet of the material. Diatomaceous earth

begins to appear along the highway about 6 miles east of Peridot and extends east for
a distance of 6 to 8 miles.

The diatomaceous earth occurs in an area of gently rolling foothills which are
cut with numerous dry washes, Drainage is from north to south into the Gila River,
The Gila River flows throughout the year but the small washes crossing the deposit
carry water only during periods of local thunderstorm activity. The deposit iscovered
with sparse desert vegetation, Diatomite is exposed at the surface of the ground over
extensive areas covering as much as a section. The overburden increases near the -
mountains where the diatomite is covered with alluvium, Some faulting has disturbed
the continuity of the bedding planes and in places block faulting has exposed sizeable
faces of diatomaceous earth, The material lies in well defined strata of varying
hardness, averaging 100 feet in thickness, The difference in hardness is more pro-
nounced on the western side of the deposit. The chief impurity is calcium carbonate
which varies in amount from one layer to another. Occasionally small lenses of
chert are found as well as thin strata of pumicite, A photomicrograph of a typical
sample from the deposit is shown in Fig, 5. Easily seen are Stephanodiscus astraea
(discsY, Synedra (rods), Melosira (ladders), and pumicite. Some of the chemical and
physical properties are presented in Table 3.

The Solomon Deposit

This deposit lies approximately 10 miles north of Solomon in Graham County
in township ’IjB’S, R27E, Gila and Salt River Base Line and Meridian, It lies on the
north side of the Gila River approximately 2 miles from the present river bed. The
deposit may be reached by driving north from U, S, Highway 70 on the San Jose road
for 5 miles, then crossing the river at this point. The nearest siding of the Southern
Pacific railroad is at Safford, a distance of 15 miles from the deposit. Electric power
is available from the Graham County Electric Cooperative whose main substation is
located at San Jose, Natural gas is available near Highway 70 from the El Paso Natural
Gas Co, line,

This deposit is similar in appearance and properties to the larger deposit on the
San Carlos Indian Reservation, Other outcroppings of diatomaceous earth could well



occur between Solomon and San Carlos. This area, however, has not been prospected
for diatomaceous earth and none has been reported in the literature, Much of this
deposit is covered with alluvium and the diatomite that is exposed has suffered from
much erosion. In places, beds of diatomite 20 feet or more thick can be observed.

The Whitlock deposit

This deposit lies southeast of Solomon in Graham County on the east side of the /s¢"

San Simon Creek. It consists of a series of low rolling hills which make up the north-
west foothills of the Whitlock Mountains. The deposit can be reached from Solomon by ¢ A
driving east on U, S. 70 for a distance of 8 miles and turning south onto an unimproved
dirt road for a distance of 5 miles. There are no roads on the deposit itself at the

present time, The road continues on past the deposit and across the San Simon Valley

. to) Tanque, a siding on the Southern Pacific railroad. It is approximately 8 miles from

the west side of the deposit to the railroad at Tanque. There is no electric power at
the deposit but both electricity and gas are available along U, S, Highway 70.

Much of the deposit is badly eroded but there are still several hundred acres

of relatively undisturbed diatomite, Near the mountains the amount of overburden

increases as would be expected. However, much of the deposit is exposed at the
surface in terrain ideally sulted for open-pit mining. Drainage is from east to west
into the San Simon River which is a dry stream except during periods of local thunder-
storm activity, The deposit is covered with typical sparse desert vegetation,

The diatomaceous earth occurs in a series of beds laying nearly horizontal,
In places the beds are eroded to form a series of hills and small mesas, Some fault-
ing has occurred but no major displacements of the diatomite have been observed.
Field observations reveal some variation in the physical properties of several of the
strata. ‘This is due to a difference in the impurities which are pumicite, clay and
occasionally calcium carbonate. The diatomite is very white in color. In places
where erosion has cut the strata, faces of good diatomite 30 - 40 feet thick can be
observed. Characteristic thin bands of chert and of pumicite are also found in this
deposit, Some of the chemical and physical properties of a typical sample from the
deposit are presented in Table 4. A photomicrograph of a representative sample is
shown in Fig, 6, This photograph shows the presence of Cocconus placentula (ovals),
Synedra (rods), Melosira (ladders) and other unidentified types.

The Duncan Deposit

A large deposit of diatomaceous earth is found just north of Duncan in Greenlee r !
County, T8S, R3IE, Gila and Salt River Base Line and Meridian. It lies on the north be 4t :

v

bank of the Gila River and extends over an area of several hundred acres. The deposit
is readily accessible from Duncan on State Highway 75, It is about 1 mile northwest

of town, immediately adjacent to the highway, In this area diatomite appears in
numerous highway cuts and at the deposit beds 20 feet thick are exposed along the
roadway, Electric power is available adjacent to the deposit and natural gas is avail-
able in Duncan, Duncan is also served by Highway 70 and the Southern Pacific rail-
road.



FIGURE 4

Photomicrograph of Diatomaceous Earth from the Mammouth Deposit
X 450
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FIGURE 7

Photomicrograph of Diatomaceous Earth from the Duncan Deposit
X 450
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TABLE 5

DUNCAN DEPOSIT

Chemical Analysis

Silica 65. 96%

Alumina 12,52

Iron (Feg03) 1. 12

Calcium oxide 7. 16

Magnesium oxide 0.67

Sodium oxide 0.19

Potassium oxide 0.24

pH (50% slurry) 7.40

Oil Absorption (Gardner-Colman) 74.0 lbs, /100 lbs,
Bulk density 16, 18 1bs. /cu. ft,
Color Gray-White
Sintering temperature ca 20000 F

Color of sintered crude Tan-Brown
Color rating of 5 samples reported 5
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WHITLOCK DEPOSIT

Chemical Analysis

Silica | 79, 92%
Alumina 7.68
Iron (Feg03) 0. 30
Calcium oxide 3.18
Magnesium oxide 0,38
N Sodium oxide 0, 15
| Potassium oxide 0,24
|
pH (50% slurry) 8. 49
0il absorption (Gardner-Colman) 82.0 1Ibs, /100 lbs,
Bulk density 14, 63 1bs. /cu. ft.
Color Off White
Sintering temperature ca 2100° F
Color of sintered crude Pink-Tan

Color rating of 5 samples reported 3



The deposit occurs as a series of low hills capped with clay and soil with very
little rock, Erosion has been very severe and steep cliffs of diatomite and clay are
found northeast of the highway., Drainage is from northeast into the Gila River. The
surface runoff is confined to a series of narrow washes and would not seriously hamper
mining operations. The diatomite occurs in beds 20 - 40 feet thick which lie almost
horizontal. While there is much clay in the area, it is in distinct beds above and below
the diatomite and does not contaminate it, The diatomite is exceptionally white and
clean in this deposit. In places the upper strata of clay have been eroded away and the
diatomite is exposed at the surface, Some chemical and physical properties of a
representative sample are recorded in Table 5, A photomicrograph is shown in Fig, 7.
This sample shows the presence of Cocconeis placentula (ovals), Melosira fragilaria
(ladders), Synedra (rods) and volcanic glass.

Verde Valley Deposit

This deposit occurs over an extensive area south of the town of Camp Verde in
Yavapai County. Samples have been obtained from both sides of the river from individ-
uals owning mining claims in this section, On the east side of the river it outcrops
along the valley at elevations above the gypsum deposits which are found there., The
area lies south of Camp Verde on the road to Pine. A paved road connects the deposit
with Clarkdale, a railhead for the Santa Fe railroad 30 miles to the north. Natural
gas will soon be available in the valley and the Arizona Public Service Co. provides
electric power there. Water is available from the Verde River and from wells.

While diatomaceous earth is widespread in the Verde Valley, thick beds of it
are not found here as in the southern part of the state, The diatomite is found in a
series of beds varying in thickness from a few inches to 8 feet. Many of the beds con-
tain a considerable amount of calcium carbonate and it is not possible to identify the
material as diatomite except by microscopic examination, The various strata are
sometimes widely separated and it is difficult to trace the continuity of the material,
The region has been inadequately prospected for diatomite and the true extent of the
material in the valley is not known at this time. Some chemical and physical prop-
erties of a typical example from the area are reported in Table 8, A photomicrograph
of this sample is presented in Fig. 8, This sample is composed mainly of Melosira
and Synedra. The large segment near the center of Fig. 8 could be a fragment of
Stephanodiscus type.
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MAMMOUTH DEPOSIT

Chemical Analysis

Silica

Alumina

Iron (Feg03)
Calcium oxide
Magnesium oxide
Sodium oxide

Potassium oxide

pH (50% slurry)

Oil absorption (Gardner-Colman)
Bulk density

Color

Sintering temperature

Color of sintered crude

Color rating of 5 samples reported

87.92%

3.90

0. 84
1.43
0.24

0,22

8.00
94.7 1bs./100 lbs,
11, 181bs. /cu, ft.
Off White
ca 1800° F
Light Tan

1



FIGURE 5

Photomicrograph of Diatomaceous Earth from the San Carlos Deposit

X 450
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SAN CARLOS DEPOSIT

Chemical Analysis

Silica

Alumina

Iron (Fegp03)
Calcium oxide
Magnesium oxide
Sodium oxide

Potassium oxide

pH (50% slurry)

Oil absorption (Gardner-Colman)
Bulk density

Color

Sintering temperature

Color of sintered crude

Color rating of 5 samples reported

77.96%
6.76
0.23
3.69

0,47

8, 11
82,0 lbs, /100 Ibs,
15, 86 lbs, /cu, ft.
Off White
ca 2100° F
Pink-Red

4
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Photomicrograph of Diatomaceous Earth from the Whitlock Deposit
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TABLE 6

VERDE VALLEY DEPOSIT

Chemical Analysis

Silica

Alumina

Iron (Feg03)
Calcium oxide
Magnesium oxide
Sodium oxide

Potassium oxide

pH (50% slurry)

0il absorption (Gardner-Colman)
Bulk density

Color

Sintering temperature

Color of sintered crude

Color rating of 5 samples reported

86, 64%
6, 10
0,22
91

0,08

8,1
87,0 lbs, /100 lbs.
13,2 lbs, /cu, ft.
Off White
ca 2100° F
Light Pink

2
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FIGURE 8

Photomicrograph of Diatomaceous Earth from the Verde Valley Deposit
X 450
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THE UNIQUE PROPERTIES OF DIATOMITE AND NEW FILLER USES

Introduction

A discussion of fillers would not be complete without allotting adequate time
to that unique and different mineral material, diatomaceous silieca. Histor-
ical references to its use challenge the aesthetic aspect of man's curiosity;
whereas modern scientific tools have provided a dimension of measurement that
has motivated many of its more recent applications. A brief review of what
is already known is in order. The diatom is a unicellular, plant-like, micro-
scopic organism, related to the algael. Its natural function appears to be
that of a food for other marine or lacustrine organisms. The diatom's "claim
to fame" from an industrial viewpoint is dependent on the fact that it
secretes an opaline siliceous skeleton that must survive, chemically and
structurally, the geologic processes that caused its formation in the first
place; its subsequent demise, burial, consolidation, and alteration; and
finally, its ultimate exploitation by man--in somewhat that order. In addi-
tion to its siliceous nature, the skeletal structure of the diatom possesses
a variety of shapes, patterns, and sizes that have not only been the intrigue
of microscopists for decades, but have served to set diatomite apart as an

.industrial mineral; and have reserved for it applications that cannot be

satisfied by any other material. Its chemical inertness, its intricate
structure, and its intrinsic hardness-coupled with fineness and friability--
are generally known and have accounted for its application in a wide range of
filtration and filler uses.

The increasing use of the electron microscope has considerably expanded our
knowledge of heretofore unseen secondary and tertiary structure of submicron
dimension in the diatom valve. The development of electro-sensing methods
of particle size measurement which seem to supersede sedimentation and micro-
scopic techniques has portrayed size distribution in a more realistic light.
Interest in the surface chemistry of these silica structures has further
strengthened our understanding for certain uses. Thus, new tools and ideas
have made possible the introduction of diatomite into such sophisticated
technologies as that of chromatographic supports, its improved utility in
paint applications for the control of gloss and sheen, and its usefulness

in the entirely new concept of "Dry Acid Concentrates." Each of these
applications has been discussed elsewhere before people particularly
interested in analytical chemistry, in paint, and in liquid handling,
respectively, where the diatom has been a means to an end. The emphasis
here, before the mining fraternity, however is on diatomite as a raw
material with reference to the uses mentioned above. It is therefore

toward an awareness and understanding of diatomite properties pertinent

to these newer filler applications that this paper is directed.

Structure
One of the most distinctive characteristics of the diatom is its skeletal

structure. Resolution of fine diatom structure is still a worthy test for
any light microscope. Figure 1 is not new to those familiar with diatoms.
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Nature of the Surface







-5-

Use of Diatomite in Paint




Conclusion

The uses of diatomite as a filler at one time grew from the efforts of product
development to dispose of the fines created by the manufacture of filter aids.
This "stepchild's role'" has changed markedly in recent years. Now, diatomite
filler applications demand more than simply a by-product for a source of
material, or a "hand-me-down'" approach in finding a market. As the” foregoing
discussion should have emphasized, there are filler applications for diatomite
that exist only because of its unique properties. Furthermore, these applica-
tions have been made possible because of a concentrated research effort to
know and to understand the properties of diatomite coupled with efforts to
determine what is needed in the marketplace.

The uses discussed herein are representative of different aspects of filler
development. '"CELITE" 499 flatting pigment is the result of a basic study
into the effect of particle size and shape in a paint film. A theoretical
concept was developed and a product tailored to meet it. The dry acid con-
cept involves taking advantage of a known property when it is recognized in

a new deposit to be manifested to a degree beyond that found elsewhere. The
development of chromatographic supports on the other hand is not only a new
use that is dependent on diatomite's unique properties, but an example of

the enhancement of diatomite in this application by the alteration of chemical
characteristics of the surface,



=J=

It is fascinating to speculate on what new properties of diatomite will be
discovered that can be capitalized on, or what well-known properties can

be modified to fit new applications. Although the requirements for all
fillers, including those applications served by diatomite, are becoming

more demanding, the industry should remain confident that with thoughtful
and intelligently directed research and development the challenge can be met.
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Fig.1 Typical diatom forms




Fig.2 Coscinodiscus - typical marine diatom




Electron micrograph-valve view:

Fig.3 Structure of Coscinodiscus valve
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Fig.5 Celite 499 Flatting Agent for Paint




Fig.6 Electron micrograph of diatomite from

Jalisco, Mexico
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¥ A
DIATOMITE (
By PW.Leppla
Origin Diatoms grow in fresh, brackish, and salt va-
ter. Different species are identified with differ-

Diatomite is a soft sedimentary rock consisting
of the siliceous remains of tiny unicellular aquat-
ie.plants.” The plants are a type of algae. The sil-
ica part of a diatom consists of two halves, hinged
togethér like an oyster shell. Biologically, dia-
toms are interesting because of their method of prop-
agation. The diatom divides into two halves, each
retaining one-half of the silica "shell." The new-
ly formed individual then grows a new half "shell"
and the process is repeated. The newer "shell" is
usually smaller than the original, consequently the
gsize decreases with successive generations. With
many species, the cycle consists of five such steps,
after which a different reproductive process inter-
venes.

Diatoms are very prolific when environmental
conditions are right. Today they exist in almost
every pond and in the sea. They are especially num-
erous in the Antarctic. They grow best when the dis=
solved silica content of the water is high, and
many deposits are related in location and time of
deposition to volcanic activity because of the high
dissolved silica concentration developed from vol-
canic ash and lava flows.

Several thousands species are known, each with
a characteristically different silica structure and
size. The maximum dimension ranges from about one
micron to several hundred. They exist in the shape
of needles, discs, boats, bananas, ladders, and many
others.. One particular species looks almost exactly
like a microscopic milling cutter. Each has fantas-
tically complicated surface detail in the form of
ridges, spines, holes, dimples. Some years ago when
our laboratory obtained an electron microscope, our
first pictures were taken of diatoms. Much to our
surprise, each diatom was found to have additional
detail far below the 1limit of resolution of the op-
tical microscope.

*Technical director, Dicalite Division, Great
Lakes Carbon Corporation. Paper presented at meet-
ing of American Institute of Mining and Metallurgi-
cal Engineers held Oct. 2, 1953 at Los Angeles. Pub-
lished by permission of the Institute.

ent degrees of salinity so that an experienced tech-
nician often can determine whether a deposit is of
marine or fresh water origin by a single look
through the microscope.

Diatomite ranges in color from white through
tan to brown. It is usually quite soft and can, be
disintegrated between the fingers. The bed densi-
ty on a dry basis ranges from 20 to 35 pounds per
cubie foot.

The marine deposits have a characteristic lam-

i S

Photomicrograph of species of diatoms common

in freshwater deposits.
fossils is about .05 mm.

Average diameter of the
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Photomicrograph of species of diatoms common
in marine deposits. Average diameter of the fossils

is about .15 mm.

inated structure with darker streaks 1/16 to 1/k
inch apart and parallel to the bedding plane. The
fresh water deposits are massive in nature and al-
most invariably are free of such lamination. The
better fresh water deposits are lighter in color
than the marine deposits. Usually marine deposits
are softer in texture and less firmly indurated.

Diatomite is commonly deposited in beds rang-
ing from a few inchkes to a hundred feet in thickness.

Most of the diatomite strata are separated by clay or

(Vvol. 6

clay-diatomite layers. In certain deposits portions
of the deposit have been altered to chert or opal.

Properties

Diatomaceous earth is amorphous, hydrous sil-
ica containing about 6% water of hydration. The
most important single property and the one respon-
sible for most of its commercial significance is
the low bulk density of the material and its pro-
ducts., The densities of 20 to 30 pounds per cubic
foot, with a real density of 2.05, correspond to
a void volume of 75 to 85%. The voids in the bed
are partially or completely filled with water.
Crude diatomite ranges in moisture content from 15%
in arid regions to 65% in localities of high rain-

| fall.

Chemical analyses of commercial grades of di-
atomite are as follows: )

Si0p 85 - 92%
A1203 L - 10%
Fep03 0.8 - 2.0%
Ca0 0.1 - 2.0%
MgOo 0.1 - 2.0%
Alkalis 0.2 - 1.5%
Loss on ignition 5 - 8%
Organic 0 - 3%

The value of a diatomite deposit depends in
large measure upon shape factors, density, and the
physical state of aggregation, with chemical purity
less important. The particle size range and the
species of diatoms present are most important. A
typical deposit will comprise several species in
high percentages with many others present in lesser
proportions. A few deposits of fresh water type
are almost exclusively Melosira.

Occurrence and Quarrying

Diatomite occurrences are scattered over most
of the earth. Deposits have been worked in Europe
for many years and in this country for about thirty-

~

Carryall and bulldozer at work on diatomite

The thin overburden is pushed over the ridge.
Carryalls transport diatomite to stock pile from
which it is trucked to the processing plant.

beds.

New diatomite processing plant of Dicalite
Division at Lompoc. This very modern plant featur-
ing push-button control center was built in 1952 to
process diatomite from the company's Lompoc quarry.
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five years. In the United States, deposits of min-
or commercial significance are known in New England,
Maryland and Florida. The major deposits occur in
the western states, specifically in California, Nev-
ada, Oregon, Washington, Idaho, and Utah. Marine
deposits are worked in California in the vicinity
of Lompoc and Los Angeles. Fresh water deposits
are being quarried in Nevada, Oregon, and Washing-
ton. Most of the California deposits occur in up-
per Miocene sediments.’ The fresh water crude diat-
omite of the western states are generally of more
recent geologic age.

Quarrying, originally an underground operation,
is now exclusively by surface workings. Depending
upon the regularity and thickness of the strata,
various types of equipment are used. Euclid loaders,
scrapers, and shovels are employed as required.
Quarrying is a highly specialized art. The individ-
ual strata are classified as to their suitability
by actual product testing. Each stratum is quar-
ried separately and rigorously segregated according
to its intended use. In a complex quarry, over a
hundred different strata may be recognized and hand-
led separately. Off-grade material, and the inter-
vening layers of clay or other extraneous material
are quarried separately and transported to a dump.
Overburden ratios are the most significant factor
influencing mining costs, and strata having super-
ior quality have been exploited when the total ex-
cavation exceeded 30 yards per ton of product.

Products and Processing

Processing is quite specialized, involving
equipment designed and constructed by the processor.
Design and operating "know-how" are rather closely
held, although the industry is much less committed
to a policy of secrecy than it was a few years ago.

The industry offers a bewildering variety of
products under trade names that often tend to con-
fuse rather than to simplify the nomenclature sys-
tem. The grades differ primarily in particle size
and size distribution, although many other proper-
ties are ‘important for special uses. The industry
is almost unbelievably diversified as to end use --
over 300 different uses are recognized.

Three broad classes of products are produced.
The so-called "natural" grades are crushed, dried,
freed of oversize impurities, such as sand, by air
separation, air classified, and bagged. This type
of product is used primarily as a filler in the pa-
per industry and as an anti-caking agent for ammon-

+ium nitrate fertilizers.

Caleined grades are produced by a similar pro-
cess with an added calcination step in a rotary kiln
at temperetures of 1200° to 2000°% F. By this tech-
nique the water of hydration is eliminated, and the
iron oxidized so that the product has a typical
pink color. Calecined grades are used in high .tem-
perature insulation, as filteraids, and as mild
cleaning agents in automobile polishes.

By far the largest and most important use of
diatomaceous earth is as a filteraid after calcina-
tion in the presence of soda ash. This operation
whitens the product and reduces the surface area
with a corresponding increase in filtration flow rate.
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The complexity of the filteraid manufacturing
process can be best illustrated by citing the fact
that the product passes through as many as twelve
cyclone separators and colleectors in its route
through the plant.

In the field of filteraids, the industry has
achieved its highest level of technology. Basical-
1y nine grades of filteraids are produced with 20
to 1 range of flow rate from the fastest to the
slowest. The faster grades have a somewhat lower
clarification efficiency, and the selection of the
optimum grade for an industrial filtration opera-
tion involves actual laboratory-scale filtration
tests. The industry has achieved a high level of
product quality control, approached by only a few
other non-metallic mineral processing industries.

Most of the United States productive capacity
is divided between the Johns-Manville Corporation,
which operates a multi-unit plant at Lompoc, Cali-
fornia, and the Dicalite Division of Great Lakes
Carbon Corporation, which operates plants at Lom-
poc and Walteria, California, Terrebonne, Oregon,
and Basalt, Nevada. Several smaller producers ac-
count for less than 30% of the industry with opera-
tions in Nevada and Washington.

Filteraid technology is extremely interesting
to the physical chemist. Basically, filteraids
are employed to increase the specific permeability
of slimy, difficultly filtered colloidal materials.
This action is closely connected with the high void
volume of the filteraid which "opens-up" the filter
cake. Through the use of the proper grade of a
high quality filteraid, the specific resistance of
the cake can be reduced to 1/10,000 of its original
value, with correspondingly higher filter through-
puts. In many cases, filteraids permit clarifica-
tion by filtration that could not be accomplished
without their use. This performance and others re-
lated to its light weight and chemical inertness,
together with the aforementioned diversification
of its end use through literally dozens of indus-
tries, assures the diatomite industry of a contin-
ued demand for its products.

Diatomaceous shale and siltstone of the Mio-
cene Monterey formation on the beach and sea cliffs
at Sir Francis Drake State Park near Point Reyes.
The lofty light-colored banks are believed to have
reminded Drake of white cliffs of his native Albion,

hence his name for Californie, "Nova Albion." These
were the first rocks seen by white man in Califor-
nia.



DIATOMITE DEPOSITS
Upper Miocene Deposits

The foothills of the Santa Ynez Mountains
south of Lompoc Valley and the Santa Rita Hills com=-
prise an area in Santa Barbara County including the
greatest deposits of commercial diatomite in the
world. This diatomite reaches a maximum thickness
of over 1000 feet and covers an area of about 17
square miles. . Johns-Manville Products Corporation,
which recently celebrated the 60th anniversary of
the first shipment of commercial diatomite in Cali-
fornia, operates a huge quarry 3 miles south of
Lompoc. The other major diatomite operator in Cali-
fornia, Dicalite Division of Great Lakes Carbon
Corporation, works a similar deposit T miles south-
east of Lompoc. Both these great deposits are of
marine origin and belong to the Sisquoc formation
of upper Miocene to lower Pliocene age (10 to 15
million years old). Their geologic occurrence has
been described by Dibblee (50). Best grade of com-
mercial diatomite is in the lower part ("Monterey
formation") of the Sisquoc formation. A report of
the U.S. Geological Survey by Woodring and Bramlette
(50) describes and shows the location of diatomite
beds in the Sisquoc formation in the Santa Maria
district north of the area mapped by Dibblee. These
two papers constitute the best guide to the location
of the diatomite deposits of commercial grade in
that part of California.

Dicalite operates the second largest commercial
deposit of diatomite in California occurring in ma-
rine beds of the upper Miocene Valmonte formation
on the north side of the Palos Verdes Hills in Los
Angeles County. A paper by Woodring, Bramlette, and
Kew (1946) includes a description and map of the Val-
monte diatomite. Rapid home-building in this area
makes it unlikely that it will be developed any fur-
ther for diatomite production.

Elsewhere in the Transverse Ranges and southern
and central Coast Ranges, diatomite occurs in the
upper Miocene formations known by various names but
essentially equivalent to the Monterey formation.
Among such occurrences are the extensive diatomite
deposits in Hames Valley 5 miles northwest of Brad-
ley in the southern Salinas Valley and continuing
northward for several miles from that locality.

Upper Eocene Deposits

The marine sedimentary Kreyenhagen formation of
upper Eocene age (50,000,000 years old) extends as
a narrow belt in the foothills along the west side
of the San Joaquin Valley, northwest from the Coal-
inga district. This formation contains a great deal
of diatomite of possible commercial importance. It
has been worked, for example, at the mouth of Pan-
oche Creek, and west of Crows Landing.

Cretaceous Deposits

In the Panoche Hills on the west side of the
San Joaquin Valley the oldest known diatomite in
California is found in the upper part of the marine
Upper Cretaceous (roughly 75,000,000 years old) Mo-
reno formation. About 200 feet of buff diatomaceous
shale were sampled and the diatoms described by
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Hanna (27). The beds are non-commercial but dem-
onstrate the existence of marine diatoms of far
greater age than is ordinarily recognized.

Tertiary and Quaternary Lake Deposits

Freshwater diatomite, formed in late Tertiary
and Quaternary lake beds and interbedded with lava
flows and volcanic ash, is extensively distributed
through parts of Inyo, Shasta, Siskiyou, and Modoc
counties. Such deposits have been worked on a
small scale at Zurich in Inyo County, Tionesta in
Modoc County, and along the Pit River in Shasta
County. Those near the junction of the Pit River
and Hat Creek are several hundred feet thick and
appear to deserve consideration for commercial use.
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CALIFORNIA DIA

Operator and address

Inyo County

Hazen Mining Co.
Norval F. Hazen
Independence, Calif.

Los Angeles County

Great Lakes Carbon Corp.
Dicalite Division

612 So. Flower St.

Los Angeles 17, Calif.

N.Y.C. address, 18 E. 48th st.

Orange County
Harlow M. Simpson
212 W. 5th St.
Santa Ana, Calif.

Monterey-San Luis Obispo (?) County

Great Lakes Carbon Corp.
Dicalite Division

612 So. Flower St.

Los Angeles 17, Calif.

Santa Barbara County

California Diatomite & Asphalt Corp.
c/o F.M. 0'Brien

351 Ccalifornia St.

San Francisco 4, Ccalif.

Great Lakes Carbon Corp.
Dicalite Division

612 So. Flower St.

Los Angeles 17, Calif.

Johns-Manville Products Corp.
22 E. LOth st.
New York 16, N.Y.

Grant & Grant Eng. Co.
P.0. Box 1206
Lompoc, Calif.
(Natl. Silica Products Co. owner;
A. Terkel, Sec., Lompoc)

Siskiyou County
Glass Mt. Volcalite Co., H.W. Free
Tionesta, Calif.

Stanislaus County
Simon Newman Co., Newman, Calif.
(Operator Base Materials, Newman)

cludes geologic maps showing deposits of diatomite
in the Sisquoc formation in the area.)
Woodring, W.P., Bramlette, M.N., and Kew, W.S.

W:, 1946, Geology and paleontology of Palos Verdes

Hills, California: U.S. Geol. Survey Prof. Paper
207. (Includes geologic map showing distribution

(In- of Valmonte diatomite).

TOMITE OPERATIONS

Produced in 1952

Large production in 1952

No known production in

1952

No production in 1952 at
this deposit.

Large production in 1952

Large production in 1952

Produced 1946-50, 1951 re-
ported experimental basis;
produced in 1952

1949: Samples only, 1950-

52: Idle

Produced in 1952. Idle
June 1953

1952

"Grinding done by Blue Star
Mines, Ltd." Home address:
508 Fonda St., La Habra,
Calif,

Walteria in Palos Verdes
Hills, L.A. Co.; also in
Monterey, San Luis Obispo
(?) and Santa Barbara Co's.

Los Angeles and Santa Bar-
bara Counties also.

7T miles SE of Lompoc. Lom-
poc Branch, Walter Gramm
Senior Vice-Pres.

3 miles S. of Lompoc.

"La Salle Canyon mine," W.
of Lompoc, S. of highway 150.

"Crow Mine" 6 miles S.W. of
Crows Landing
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MINERAL MARKETING INFORMATION

Nationwide Market Quotations

The following quotations are taken from E&MJ
Metal and Mineral Markets, published weekly by Mc-
Graw-Hill Publishing Company.

Metals (Oct. 8, 1953)

COPPER, electrolytic, 29.650¢ per pound,
domestic refinery.

LEAD, refined 13.300¢ per pound, St. Louis;
13.500¢ per pound, (New York)

ZINC, prime western, 10,000¢ per pound,
East St. Louis.

Metallic ores (Oct. 8, 1953)

CHROME ore, per long ton, dry basis, sub-
Ject to penalties if guarantees are not met, f.o.b.
cars New York: Indian ore, L48% Crp03, 3 to 1 chro-
mium to iron ratio, lump $52 to $53.

MANGANESE ore, on current business, nearby
arrivals, quotations on Indian ore, basis 46% to
48% Mn, nominal at $1.14 to $1.16 per long ton unit,
c.i.f.

California Market Quotations

The following quotations are from San Francis-
co area processors and dealers, and were those in
effect on Oct. 14, 1953.

Metals

QUICKSILVER, per flask of 76 pounds prime
virgin, price paid to miner about $175 to $179, San
Francisco; limited market.

CHROME ore, G.S.A. stockpile, Grants Pass,
Oregon, 48% Cro03, 3 to 1 chromium to iron ratio,
basis lump ore $§15 per long ton; concentrates $110;
premiums for better grade; penalties for less grades.

MANGANIFERQUS ore for delivery to Geneva,
Utah, in car lots 20% Mn or better per long ton un-
it, 80¢ f.o.b. railroad car. Premium for iron in
excess of 10% Fe of 3¢ a unit. Penalties for zine,
sulphur, and other impurities.

TUNGSTEN concentrates and ore, per short
tor unit. Concentrates 60% WO3 $63 in ton lots f.o.b.
rail shipping point; penalties for molybdenum, cop-
per, and other objectional impurities. Low grade
tungsten ore delivered Pine Creek mill in 100-ton
lots, per short ton unit WO3 contained 0.300% to
0.349%, $20; 0.350% to 0.399%, $28; 0.L000% to
0.599%, $36; 0.6000% and higher, $37.

Nonmetallic Minerals (Crude unless otherwise
stated) (Prices depend upon chemical analysis, color,
impurities, and physical properties. Market general-
ly limited).

BARITE, per short ton, San Francisco and
Los Angeles areas, 90% to 98% BaSoy, $14 to $16.

BENTONITE (Wyoming type), per ton, carload
lots, pulberized 200 mesh, $32.50 San Francisco and

Los Angeles area.

FLUORSPAR, per short ton, San Francisco area,
metallurgical grade (85% CaF,, maximum of 5% SiOp,
0.3% S), $35 to $50; ceramic grade (98% CaFp, max-
;gum of 1% Si0p, 1% CaC03 ground, bagged, $68 to

0.

PERLITE crude per ton, delivered at plant in
Los Angeles area, concrete crude, $12.80 to $1L4.75;
plaster crude, $11.80 to $13.75. Napa crude deliv-
ered in San Francisco-Oakland area, 10 to 1 mesh,
$11.00; 14 to 4O mesh, $14.00; 14 to 60 mesh, $10.50.

NEW LIBRARY GIFT

The Division of Mines has received an import-
ant gift of books from the mining library of George
J. Young of Oakland, mining engineer, consulting
editor of Engineering and Mining Journal, and auth-
or of the widely used text Elements of Mining.

Mr. Young, a native San Franciscan and a grad-
uate of the University of California, has been ac-
cumulating his valuable library since the turn of
the century. 1In addition to publications of the
American Institute of Mining Engineers, the U.S.
Geological Survey, the U.3. Bureau of Mines, and
many volumes of mining subjects, Mr. Young's gift
includes a useful file of mining equipment catalogs.
The entire collection is being catalogued by the
Division of Mines Library staff, and will be placed
on the library shelves where it will be available
to the public for study.

A photographer and etcher by avocation, Mr.
Young has previously presented the Division with
some of his photographs taken in the high Sierras,
several of which were published in the Division's
recently issued Bulletin 158, EVOLUTION OF THE CALI-
FORNTA LANDSCAPE.

SYNTHETIC MICA

The Electrotechnical Laboratory of the Bureau
of Mines at Norris, Tennessee in cooperation with
the Army Signal Corps has made definite progress
in the development and evaluation of synthetic mica.
Pilot plant operations have been arranged by means
of an agreement between the Bureau of Mines and the
Micalex Corporation of America.

Industrial interest has been shown in the use
of hot-pressed synthetic mica as a matrix material
for silicon carbide and in the application of mica
ceramics for jet engines.

BORAX

Borax is an essential ingredient in the manu-
facture of such special glasses as laboratory glass,
thermometer glass, Pyrex, and optical glass. The
amount of contained boric oxide in these glasses
ranges from 2 to 20 percent.

Large quantities of borax are also used in
glazes because of its strong solvent action on col-
or oxides and to form easily fusible compounds, in-
crease the gloss and to lower the coefficient of
expansion of the finished product.
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MOTHER LODE GUIDEBOOK REPRINTED

The third edition of the Division of Mines'
best known book, GEOLOGIC GUIDEBOOK ALONG HIGHWAY
L9, is now ready for distribution.

First published in 1948 as the Division's con-
tribution to California's centennial celebration,
the initial issue of T500 copies was exhausted in
less than three months, The second edition, which
has now been out-of-print for some time, consisted
of some 10,000 copies. Although the book is design-
ed primarily for California readers, the list of
purchasers awaiting the new printing includes many
whose addresses are in other states and countries.

This book, issued as Bulletin 141, is a semi-
technical treatise prepared to serve as a guide to
the traveler who is desirous of information concern-
ing the mines, minerals, and rocks of the region,
as well as the old structures erected during the
gold rush days.

Ten different authors contributed to the text
and valuable information was obtained from a score
of mining men and geologists. The volume includés
"Sierran Roads of Today and Yesterday," by Dorothy
G. Jenkins, an article well worth reading as it
gives the traveler a survey of the roads traversing
the area and illustrates their history. "The Dis-
covery of Gold in California,”" by Donald C. Cutter,
has to do with the history, life and romance of the
Gold Rush period. The place of gold placer mining
is well presented in Charles V. Averill's paper on
the "History of Placer Mining for Gold in Califor-
nia". The reader is oriented as to the nature of
the Sierra Nevada and the place it occupies in rela-
tion to history, geology, civilization and economics
by Olaf P. Jenkins' paper on the "Sierra Nevada Prov-
ince" and the "Geologic History of the Sierran Gold
Belt". C.A. Logan presents an educational as well
as entertaining treatise on the "History of Mining
and Milling Methods in California", and "Geologic
Maps and Notes Along Highway 49", by Oliver E. Bow-
en, Jr., and Richard A. Crippen, Jr., containing 12
strip maps on route geology, is a well illustrated
work on the position of the mines and quarries, the
importance of their mineral deposits, and the geol-
ogic reasons for their being. "The Formation of
Quartz Veins", by John A. Burgess will be of interest
to all amateur mineralogists as well as those more
technically trained, and his "Mining on Carson Hill",
tells of Jim Carson's activities in that region and
gives the history of the Carson Hill Gold Mining
Company. The charm of the old mining towns that
harmonize so perfectly with the natural loveliness
of the Sierran foothills and stand as mute evidence
of the early development of what is now called in-
dustrial minerals, is well shown by picture and s
story in Robert F. Heizer's and Franklin Fenenga's
"Survey of Building Structures of the Sierran Gold
Belt, 1848-70". This article contains 168 illustra-
tions taken at various localities in the Gold Belt.

The volume contains a series of geologic maps
covering the entire highway, a strip 277 miles in
length, from Mariposa in the south to Sattley in the
north, and features 8 colored and 231 black and
white photographs. As an effort was made to include
the names and locations of the older abandoned set-
tlements as well as existing towns, the principal

Mineral Information Service T

mines and mineral deposits, the locations of the
historic monuments, and mileage for use in location
while traveling, this volume is one of the most
educational and interesting books published on the
Mother Lode Country. )

BULLETIN 141 is priced at $1.00 plus 3% tax for
California residents. Copies may be ordered from
the Division of Mines, Ferry Building, San Francis-
co 11, California.

URANTUM PROSPECT DESCRIBED

A new report on a uranium prospect in the Mo-
jave Desert has just been released by the Division
of Mines.

The report, prepared by George W. Walker of
the staff of the U.S. Geological Survey, incorpor-
ates the results of work done in 1952 for the U.S.
Atomic Energy Commission. Entitled, ROSAMOND URA-
NIUM PROSPECT, KERN COUNTY, CALIFORNIA, the report
is issued as SPECIAL REPORT 37 by the Division of
Mines.

The author found small quantities of autunite,
hydrous uranium and calcium phosphate, and another
unidentified radicactive mineral which occur in tuf-
faceous sedimentary rocks of the Rosamond formation
of Miocene age at the Rosamond prospect, which is
about 10 miles south of Mojave, Kern County, Cali-
fornia, in the western Mojave Desert.

The autunite occurs principally as coatings
on fracture and joint surfaces and, to a lesser ex-
tent, as disseminations in the tuffaceous rocks ad-
Jjacent to faults. A waxy, reddish-brown to black
radicactive mineral is found in small quantities on
slickensided fault surfaces associated with iron
oxides and chlorite (?). The uranium minerals are
erratically distributed over an area of about 15
acres. Assays of 12 samples indicate a uranium con-
tent ranging from 0.002 to 0.59 percent and an aver-
age content of slightly less than 0.08 percent ura-
nium,

SPECIAL REPORT 37, which consists of 8 pages
including photographs, maps, and sections, is
priced at 25¢. Copies may be purchased from the
Division of Mines, Ferry Building, San Francisco 11.

SELENIUM AND TELLURIUM

Selenium and tellurium are relatively uncommon
nonferrous metals with similar properties and uses.
Tellurium is known in the native form, as oxide,
and combined with selenium in volcanic sulfur. Sel-
enium occurs in small amounts in volcanie sulfur,
iron pyrites, in sulfide ores of large copper and
copper-nickel deposits, and in some lead sulfide
deposits. Both metals also occur in relatively
rare minerals with gold and silver. All selenium
and tellurium of commerce is produced as a by-pro-
duct from the treatment of ores mined primarily for
other metals. The major sources of the two elements
are the copper, nickel-copper, and lead industries,
in which slimes from the electrolytic refining pro-
cess carry appreciable amounts of both metals. Sel-
enium is also recovered as a by-product in the manu-
facture of sulfuric acid from pyrite or sulfur.
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Mr, Kemneth Porter |
Farm m' Inc, %
2505 Thomas Road, Suite 21 |
Phoenix 16, Arizona Pa AN
@ Dear Mr. Porter: |
hmumtmmuumof;_ wite)in

following list may be useful:

|
@ oMguile Deposit, Harqushala District, Yuma Co. (mm)m not closely |
knowa . :
-, Gamp Verde Deposit, Camp Verde, Arizoma ~ £.L. Sturges, Box 188 ' J‘
;ﬁcq Verde, or George Wingfield, Camp Verde.

o Cleator Deposic, 8, 1-4, T, 10 N., R. 1 E,, Big Bug District. (Location
approximate.) |
Ao

~ » Benson ; APkt i thh \aes .
mw-ou s &‘;\oc‘?%' 4 o o nggfng'Lm i m\)&w |

w 4 Duncan aves deposits ~ 3-3k miles north of Duncan, approximately Secs. 2, )( |
Ben §. Billingsley, Duncan.

1, T. 8 8., R. 31 E. Bluer Stephens and

ﬁ,m@mt Tive Mina, about Secs. 22 & 27, T. 6 6., R, 26 8., A, H. Haral !
& Sons, 702 Main Street, Safford, Avizoma. (| Romh adv = Loy WtV Bt

Qm Carlos Indian Resevvation, Sec., 28, T. 1 N., R. 18 E, ~ San Carlos '~ N
Indian Reservation Headguartevs, San Carlos, Arizena.

Stephens Diatomite, 3 miles morth of Dunc#n, Aclzons, Secs. 2 - 11, ¥
T. 8 8., R. 22 &., Elmer Stepbbns, Duncan, or American Diatom, Inc., |
W % 1 Rd., Phoenix, 3% -4 mies o of Dowcin @ Sde ob Huy 75 |
Puicun Chafron triy) ify & Yo wite & ob Ve
— Triplets Peaks avea, San Carles Indian Reservation, § miles east of N
San Carlos, San Carlos Indian Espervation Headquarters, San Carlos,
“MQ

o White Cliffs Deposit, south of Mammoth, Arizona - American Diatom, Inc. N
2345% West McDowell, Phoenix. Seé< (7 wow2o,29d30 T9S, R \%¢ fer 222 Pres)

D~ 2y T 95, RIWE

~$ihitlock mxu. Twin Peaks District, near Duncan, Arizona. <

b )
Sowouve Spames Mine Bl 33 TS, R258 -7 ndms W R T b
ve te \lomasrewo Pyrewt

W kit X
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My, Kemneth Porter §-23-61

These deposits in some cases are only approximately leocated. The
deposits near San Carlos have not, to my knowledge, been tested, but
are fairly extensive. The deposits in most cases would doubtless wneed
some beneficiation for all purposes except for soil conditioning. The
Verde deposit is scattered through several mesa promentories and would
in some places have some clay stripping to contend with,

Hoping that this list, while imperfect, will help, I remain

Sincerely,

LEWIS A. SMITH
Pield Englneer
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RAPID METHOD OF SAMPLING DIATOMACEOUS EARTH *

By GEORGE B. CLEVELAND

Geologist, California Division of Mines and Geology, Los Angeles, Calif.

ABSTRACT

A relatively rapid and simple method of sampling dia-
tomaceous earth consists of impressing a strip of common
plastic gummed tape against the surface of the diatomite
and removing a thin layer of particles for microscopic ex-
amination.

INTRODUCTION

The examination of diatomaceous earth under the
microscope yields certain data that cannot be gained
by other means. Knowing the shapes and sizes of dia-
toms, the relative abundance of each type and the
identities of admixed rock and mineral fragments helps
in appraising the economic value of diatomaceous
earth. The recognition of diatom species and diatom
assemblages also may supply data on paleoecology and
geologic age. However, the properties of diatomaceous
earth can be strikingly different from place to place
within the same bed and from one bed to another.
Consequently, the comparison between the relatively
small amount of diatomaceous earth that can be ob-
served through the microscope and the much greater
volume of material actually being studied is com-
monly so disproportionate that it is difficult and time
consuming to collect and examine representative
material. Moreover, the standard collecting and prepa-
ration techniques disturb the spatial and abundance
celationships between diatoms of different species and
diatoms and any other materials in the sample.

MATERIALS NEEDED

Field

1. Roll of single gummed, translucent plastic tape,
one-half inch wide (for sampling).
2. Strips of relatively stiff, clear cellulose acetate,
three-quarter inch by 12 inches (for mounting
the sample tape).
Masons hammer (chisel head).
Stiff brush.
Tape measure.
Small nails.
Labels.

* Manuscript submitted for publication January 1969.
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Laboratory

8. Glass atomizer.

9. Hyrax (commercial high index (RI 1.65) mount-
ing compound).

10. Xylene.

FIELD PROCEDURE
A relatively flat, shallow channel is cut in the out-
crop with a masons hammer. The channel is cut nor-
mal to, or parallel with, the bedding, depending upon
the desired objective of the sample. One-foot incre-
ments are laid off along the side of the channel and
marked by nails (fig. 1). With a stiff brush the chan-
nel is swept clean of loose material. The sweeping
should begin at the upper part of the channel and pro-
ceed downward using only down strokes. About one
foot of gummed tape is pressed evenly against the
outcrop at the top of the channel. The top end of the
tape is held by one hand while the thumb of the other
hand gently smooths it down along the channel. The
tape is lifted off the outcrop and pressed onto a stiff
clear plastic strip. The plastic strip is labeled in proper
stratigraphic order or other sequence and protected

for transportation to the laboratory.

LABORATORY PROCEDURE

The gummed tape is stripped off the stiff plastic
strip leaving a thin layer of diatomaceous earth adher-
ing to the strip. The thin layer of particles is appar-
ently held electrostatically to the plastic strip. Using a
solution of Hyrax diluted with xylene in a glass atom-
izer, a thin coating is sprayed onto the plastic strip,
anchoring the particles. After allowing the coating to
dry for an hour or more, depending upon atmospheric
conditions, the strip then constitutes a slide that may
be examined directly under the microscope. The coat-
ing is resistant to corrosion from the common immer-
sion liquids used with high power objectives (castor
oil, glycerine, etc.). The slides appear to be relatively
permanent, but after continual flexing the coating may
become checked.
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Figure 1.

Field Procedure.

DISCUSSION

The physical propertics of diatomaceous rocks
range so widely that it is seldom possible to take a
continuous sample using this method. The tape may
pluck relatively large fragments from the outcrop that
will not adhere to the clear plastic strip, and that sec-
tion of the record will be incomplete. Also, the frag-
ments that do adhere will represent a wide size distri-
bution, ranging from individual diatoms, or broken
segments, to opaque aggregates of diatoms and other
impurities, leading to further imperfection in the rec-
ord. However, any of the sampled fragments that do
not adhere to the clear plastic strip will still be pre-
served in proper relative position on the gummed tape.
Thus, the missing parts of the record can be restored,
if necessary, by making separate slides of thesc frag-
ments.

Normally, taxonomic determinations can be made
from the slides produced by this method. However,
where only a few individuals of the same species are

AT8589—650 3-69 3,400

represented, their orientation may not reveal a suffi-

cient number of diagnostic features to allow identifi-
cation.

This technique is most useful for the sampling of
diatomaceous earth where the general nature or pos-
sible economic value is to be determined. The rapidity
with which a representative sample can be obtained
and the preservation of both the spatial relationships
and compositional ratios are the most valuable features
of the method. Moreover, a nearly complete sample
of an outcrop can be transported to the laboratory
and stored in only a fraction of the space that is nor-
mally required for hand specimen or channel samples,

The method could be used solely in the laboratory
to make any desired length of microscopic slide from
a bulk sample of diatomaceous earth. It also might be
used to sample fine grained rocks other than diatoma-
ceous earth, such as claystones.
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DIATOMITE
AND ITS ASSOCIATION WiITH ASBESTOS
By W. E. Sinclawr, M1.M.M.

The frequent reference to the mineral diatomite, in
the asbestos industry, suggests some close relationship be-
tween the two minerals. Actually there is no relationship.
Although the minerals associated with asbestos, in its
native form, are legion, diatomite is not one of them. This
fact will have been gathered from the recent article,
¢ Asbestos and its Associated Minerals™.®

The only association diatomite has with asbestos is in
the manufacturing sphere because of certain inherent
propertics and charaeteristies” which are common to both.
This fact eives rise to some quite interesting points; the
main one of which is that there is no semblance of similarity
in their physical state, diatomite being an earthy and
powdery substance while, of ‘course, ashestos is a fibrous
mineral. Indeed it is hecause of this material difference
in the two and their chemical dissimilarity that, in the
manufacture of certain products they are complementary
to one another.

It appears quite clearly that the dissimilitude in the
physical state of the two minerals is definitely responsible
for some of their different properties. but not sufficient iv
opposition to nullify the even value of many of their com-
mereial qualities. :

First, to consider some of these diftferences, the origin
and composition of diatomite must be briefly noticed.
especially in contrast to asbestos. The mineral was onee
better known by the names kieselguhr or tripolite. Dia-
tomite, a common name today, however, is the more de-
seriptive. since the origin of this earthy substance consists
essentially of siliceous accrumuiations consisting of diatoms.
These are minute organisms whose skeletal remains (of
countless varieties) constitute the important property of
the mineral and together have formed deposits in marine
beds or lakes. These deposits occur as a chalk-like rok or
as a friable carthy mass and sometimes as a mud-like oc-
currence in bogs or marshes. Never are they, geologically or
lithologically, like asbestos deposits.

PPage 2 CASBESTOS” — May 1959
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The distribution of diatomite deposits is widespread.
various forms being found in most countries of the world,
and, since it is one of the most widely nsed of the seeond-
ary industrial wminerals, it is produced, to satis{y the de-
mand wherever it is wanted and available.

As one of the major manufacturing countries the
United States. is the largest producer, averaging well over
350,000 tons annually. Most of this output is recovered
from extensive deposits in several Pacifie Coast States.

An indication of the association of diatomite with
ashestos might also be gathered from the faet that one of
the largest producers of the mineral in the world is also
one of the largest asbestos producers, namely, Johns-
Manville Ltd. This company utilizes an average of over
150,000 tons of the processed ore annually. The source of
this tonnage is located at Lompoc, California. where modern
crushers and special processing equipment are installed for
the production of improved filtration and filler products,
many of which are used in the manufacture of diatomito-
ashestos produets. Some of the diatomite produced is sold
under the trade name of Celite which is one of several
trade names by which diatomite is known hy, such as,
Dicalite, Fosalsil, (‘elatom and others, all of which POSSess
similar properties and all are used in extensive industrial
applications as an absorbent, a mild abrasive and polishing
powder. a licht-weight filler and as an insulating and
filtering medinm,

The many and varied properties of diatomite are steh
that its application in industry as a general utility produc
is widespread, but it is only in the last three spheres of
usefulness mentioned above. that the mineral is mostly as-
sociated with asbestos. As already suggested, it is only
wherve the similarity of certain of the qualities of the
two minerals is such, that their union is complementary,
that the importance and the interest is manilest.

Since diatomite is fireproot and able to withstand high
temperatures, it naturally coincides with one of the in-
valuable properties possessed by asbestos, and when usod
in conjunetion with one another. in certain insulating
products, the combination is perfeet. Indeed. it is in this
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sphere that diatomite is most often assoelated with asbesios,
as for example, when used as a filler with asbestos fibres,
to provide insulating mixtures for covering boilers and for
insulating steam pipes and in other similar conditions.

Used 1n this manner. the earthy mineral resembles the
functions of 85% magnesia, or caleium silicate as a filler
in ashestos insulations. but the typical physical and thermal
properties of diatomaceous silicas have heen proved superior
to both magnesia and caleinm silicate. Similarly, its density
range is higher and it possesses a greater compressive
strength. An interesting point in the matter of the insulat-
ing qualities of diatomite is that au unseen air space is
provided in the material by the innumerable minute dia-
toms extant. This is similar to the effect of bulk density
and the tubular torm of the fibres in ashestos insulating
produects.

For this same reason. the earthy mineral plays an
important part in the filtration of such liquids as wine,
vinegar, varnish, ete. It s the irregular but rigid shape of
the diatoms that accounts for its valuable filtration proper-
ties., which again are also enjoved by asbestos fibres.

The wide surface offered by the mineral and its ex-
treme liehtness and its absorbent and adsorbent qualities
are factors of such importance that it finds many uses
as a filler in numerous applications. Another common use
is, when mixed as a plastie with ashestos produets, they
are manufactured and used as absorbents in liquified gas
evlinders, and recently they have been used in radiovactive
emanations. In this conneetion it is interesting to reeall
that when nitro-glveerine was difficalt and dangerous to
handle. Nobel found that by mixing the diatomite with the
dangerous “soup’, it was possible to knead the mixture
into the form of cartridees which were easier and safer
to handle, as we know today.

This was, of course. before the days that diatomite
was assoclated with asbestos, and 1t is only one of the
examples of the unaided role played by this mineral in
imdustry.

*  “Asgbestos and its Associated Minerals”. by the author,
“Aspestos”, July 1958
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I. C. 6391
DEFINITION OF DIATOMILE

: Diatomite is the name now generally given to a mineral substance composed
of the tiny, skeletal remains of diatoms, which are microscopic, flowerless, water
.plants related to the algae. This residuum is essentially hydrous amorphous
silica.

Common names for diatomite are: Diatcmaceous earth, tripolite, kieselguhr,
and infusorial earth. Strictly speaking, however, the latter material is not
diatomite, as it is composed of the fossil remains of infusoria, which usually do
not occur with the diatomaceae. Other synonyms for diatomite are: Diatomaceous
silica, kieselmehl, bergmehl, diatomeenpeelite, polirschiefer, moler, molera,
molererde, desmid earth, fossil flour, mountain flour, farine fossil, white peat,
radiolarian earth, chalk rock, cpyssatite,'rahdanite, and tellurine; also various
diatomite products of individual companies are known by their own trade names.

Diatomite should not be confused with fuller's earth, for the two are
separate and distinct substances. Bentonite, pumice, and tripoli, have also been
used erroneously to designate diatomite. Tripolite, however, is a true diatomite
formerly mined near Tripoli. S g ' ‘ &

VARIETIES -

More than ten thousand varieties of diatoms have been studied and
classified. Among the more important are the  Coscinodiscus which resembles a golf
ball in appearance and the Synedra which is long and needle-shaped. Circular
disk-like forms are common: -Others are of every conceivable shape and size, but
all are relatively tiny. -Their geometrical designs are fanciful and intricate.
They may be short or long, triangular; in the form of a half-moon, needle-like,
disk-shaped, spherical or -ladder-shaped; in-fact the variations-are almost infinite.
Diatoms are unicellular, -and are described as being like pill boxes, with two
halves that fit upon each other snugly. They range in size from that of a pin's
head to minute particles visible only with a microscope of high magnification.

MODE OF LIFE

These microscovic water plants, which have such interesting posthumous
value, are found in all kinds of water, quiet or moving, hot or cold, and saline
or fresh. “Certain conditions, however, seem to be more favorable than others for
their growth and development. Light is an important factor for-their propagation,
while too great a salinity of water is detrimental to their well-being. For
millions of years succeeding generations of ‘diatoms have left their fossil remains
in many of the rocks throughout the earth's crust. :

These small organisms, some of which move freely while others attach them-
selves to various objects, absorb mineral salts from the water in which they live.
They make skeletons of silica out of this mineral matter in much the same fashion
that oysters maice shells out of lime taken from sea water. Diatoms multiply
rapidly, but their life span is short. Aafter they die the organic matter decom-
poses, and the skeletons sink to the bottom where they gradually build up deposits
of diatomite. It is estimated that there may be as many as 50,000,000 individual
skeletons in a cubic inch of diatomite.

8370 -2 -
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At present diatoms are found in oceans, in swamps and lakee. and algo: in
various hot springsa Diatoms thrive'prectically in*every place where there is -
water and eufficient light., ; ,

5

OCCURRENCE.OF.DEPOSITQH'vm“

ey In general the deposits of diatomite may be divided into. three types:
Pirst, those occurring as-ancient marine beds, compact.and .more or less massive,
but sometimes with seams and partings of clay; second, depo~1te adjacent to rivers
and lakes, probably for the most part ‘made from fresh-water diatoms of more recent
age than those in the marine beds; and third, deposits in lakes and swamps where
the process of accumulation is even now going on,: Deposits' of. the third type
usually. contain more or less organic matter which'has not. completely decomposed
and which in some places is in the form of a mantle’of peat-like material.
Deposits as a whole vary in texture from soft' mud~like. or:clayey masses to hard
compact massive beds in the older and more consolidated formatzone.,~« il

The marine beds occur as sedimentary deposits. in many places conformable
with the underlying strata. In some localities they are found at considerable

depths, but most of the commercial deposits occur at or near the surface. Many of

the depoeite have. a pronounced dip, which may be as much as’ 30° Wwhere there has
been considerable subsequent tilting of the strata. S el Juil ;

Calvert® states that, according: ‘to D Menn,;the glatams compesing the
Lompec deposits of California were of the plankton, -or free moving, type, gnd that

 at some remote time the ocean was teeming with theseusmall aguatic plants. In

Miocene times they floated southWard from ‘the cold seas of the arctic to what is

now the Lompoc region, This area, according to Dr,. Mann, was at that time a bottle-
neck bay of .the ocean. Here the minute plants died, their saeletons sank, and in
the course of time built up the great beds df dlatomlte which .are now being
exploited e R

Iheee beds naturally were ‘accumalated over long periode during which the
diatoms 1like other trandported materials were deposited according.to their size
and weight., In the course of the1r southward migration the heavy ‘diatoms sank to
the bottom while the lighter ones, which presented:a meximum of surface contact and
consequently a minimim tendency' to settle, were carried. along and finally reached a
quiet, . sheltered, arm of the ocean. Here conditions favored mainly the deposition
of fine-grained diatomite and, except for occasipnal etrea&e of clay, these beds
are little contam1nated by other materlal = il Rk

1

Some of the deposits in washington and Oregan ans a result of’aaeﬁeam vol-

- canic dams which made lakes along the rivers. Here the accumilation of diatoms

went on for a long time, ‘occasionally -interrupted by, thin, layers of volcanic ash
from nearby active craters. Some of the .deposits were covered by eﬁbsequent lava
flows. . Other lake beds were finally filled up either by glacial drift or water-
borne material. Later when ‘the rivers-assumed ‘their original channele.lthey cut
down through the overlying beds and exposed the depositsof diatomite. '

3 Calvert, Robert, Diatomaceous Earthgi New York, 1930, pp. 100-101.
8370 g )
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Many deposits in the Eastern States also are of commercial importance. In
Florida, diatomite occurs in the form of a light, muddy substance, either in the
bottom of lake®s or.hidden under the accumulated vegetable matter of swamp bottoms.
Deposition in the Northeastern States probably took place in laxes and swam
Some of the. deposits are quite pure in silica content but others are contamlnated
with mud, clay, and glacial debris.

Many Canadian deposits occur ad;acent to rivers and lakes, some as ancient
marine beds, and some in swamps where the matérial is. soft and unconsolidated.

DISTRIBUTION

Dlatomite is w1dely distributed over the world. At present the United
States has the largest commercial beds-and leads ‘in world production, with Algeria
second. In the United States thé’ moet\1mportamt commereial ‘deposits are in
California, ‘although diatomite is produced in Washimgton, @regon._ﬁevadaw and some
of the Eastern States, , The ‘more important,. occurrences of aiatomlte in the United
States are shoWn Ain. Flgure i (5 and are as follows. G g : :

7 (gl o

3 fWestern States “:TV “f'

Qg;iigzg;g. - Immense ueposite of marzne diatomite are found along the coast
of California from.the" southern partto a point north of’ Sen Fran01sco. The most
important commerclal &ep031ts are ‘in'this belt, and those: in Santa Barbara County,
which occur'in the Monterey (middle Mlocene} formation, are especially. important.
The character of these deposits varies extremely Some beds. .are soft unconsoli-
dated material; others are more ‘cotpact and may even be flint-llke -In . places the
diatomite grades into a shale. ' The color, may be. wh1te, gray._yellow or. blask The
thickness,varies from ‘a few 1nches to nearly a.’ thousandffeet Teinde .

' : Los Angeles County. Deposlte of ‘diatomite occur north of the San Jose
Hills near Coblna, 30 mlles east of 'Los @ngeles S s e :

“San Luis. Obispo County - Deposits have beer’ found on the south side of
uALos Asos, two miles south of- Moro Bay and 10 mlles west of:San Lu;s Oblspo.

: Monterey County.- Dlatomlte is found near the Junctlon of the Sam
Antonio and Solinas R1vers, and also in the vicinity of Monterey.

B g5 Shasta County.— Dep051ts of diatomite occur on the Pltt Rivef north of
Burney, .50 miles.east of the junction with the Sacramento .River. These deposits
‘are. Sald to be.of fresh water origin, d1ffer1ng in that respect from the marine
deposits ‘of the coastal reg1on . s &

Oregon. - Dep0sits of dlatomlte occur -in Deschutes, Baker. Grant Klamath
Wasco, Unlon, Malheur and Crooz Counties. i i ik ;

;-;. Vash;ggton - D1atom1te occurs along the Columbla River in. the cenxral
portion of the State - One deposit now belng wor&ed 11es about: 20 m11es southeast

of Ellensburg. : L v ;
8370 el B oo =.~_4;-,"
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Figure 1.- Principal deposits of diztomite in the United States
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4 Nevada. -~ Diatomite has been reported from every county of the State.
‘Those count1es which have received most attention are Churchill, Elko, Esmeralda,
Mineral, Nye, Pershing, Storey, and Washoe.,

South Dakota, ~ Diatomite has been found near Hermosa in Custer County.

Arizona. - Some diatomite has been reported from the San Pedro Vallsy in //

Grﬁ}{am County o PR R whk.
ygguMggégg. - Deposits are reported near Espanola and Seceoros

Utah. - Diatomlte occurs in Utah County and Box Elder Gounty.
Montana. ~ Diatomite has also been reported from this State.

Central Stétes‘

In the Middle West dlatomite deposits haye been found in Mlssouri 1111n01s
Mississippi, and other States, but their commercial “importance is negligible at
present.

Eastern States

Maryland. - Beds of diatomite occur in several counties from Herring-Bay on
the west side of Chesapeake Bay to Popes Oreek on the Potomac River. There are
also deposits on the Patuxent River near Dunkirk. ,

Florida; ~ Diatomite is found as fresh water deposits near Eustis and
Clermont in Lake County. It occurs in the bottom of shallow laikes and in swamps.

Other States where diatomite has been found are as follow3'

In Connecticut, near Stepney, in Massachusetts, near South Framlngham in
Middlesex County; in New Hampshlre. as lake beds in the northern part of the State,
at Laconia in Belknap County, in Carroll County, fheshire County; Grafton County,
and at Lake Umbagog in Coos County; in Maine, at Blue Hill and Surry in Hancock
County, and South Beddington in Washington County; in Vermont, in Caledonia County:
in New York, at White Lake in Herkimer County and at Cold Spring Harbor on Long
Island; in New Jersey, in Morris and Sussex Counties,

In Virginia occurrences have been noted in King George County, and near
Richmond in Henrico County, and northwest of retersburg in Dinw1ddie County; in
South Carollna, in Williamsburg County,

Canada

The most important deposits of diatomite in Canada are found in British
Columbia along the Fraser and Guesnel Rivers. It is also found at Prospect Lake
near Victoria, It occurs in Tolchester, Cumberland, and Pictou Counties, Nova
Scotia. Some also has been reported from the southern part of New Brunswick. In
Ontario diatomite occurs in the Muskoks region, and in Montcalm and Port Leuf
Counties, Quebec,

8370 =48 &



I. Ci 6881

b 4»37»_ Other Countries. R B e

i

In Afrlca diatomlte deoosits occur in Trlpoii and in, Algeria, which 1atter
country is second to the United States'in world productlon. Distomite'is fourd
also:.in the Tramsvasl.and the District of Masai. .. .. . | aatiae it 3

ot

:In Asia the.centers.of production are in the Dutch East Indies along the
West Goast of Sumatra, and near Cheribou in Java. Some diatomite’ aleo is found in
the southern part of Japan.

In Australia. New South Wales produces an apprec1ab1e tonnage

In Europe dlatomite is found in Ireland and Scotland, in 1ower Austria, in
the north-central;part.of .Denmark, . An, Germany, Italy, Norway, Sweden,'France,
Portugal, Spain, Hungary, Belglum, and Russia. :

4

Other countries of minor importﬁnoe‘include Chile, where it is found near
ﬁjﬁrlca, aleo Mexico. Peru, China, -and. Manohuria.;fvfyjﬁ AT SO

PROPERPIES

P—M—q&f‘sic L.

: . Color, - Diatomites is white when no impurities are presemt. The deposits,
however, vary greatly in-colory depend;ng upon the presence of orgenic matter end
other impurities such as clay and iron.. These may. change the. °°1°T to gray, 3

brown, pink or green,

fes &ﬁéterwjtﬁﬁeiixi {‘%ef ﬁkatemzee ie &ull anﬁ eaxthm, A,eemm%e ef cruﬂe
dietomite closely resemhles chalk, but ‘diatomite is more harsh to thé tOuch

True specific grayity or den31tv. “he true sp901fic grav1ty of dlatOmite
is 2 1 to: 2.2 (waxer is 1.0),:or. the. same. as.hydrous silica such as qpal.

e 4 Apparent dens1ty. The anparent dens@ty 1s Tow bewaﬂee of the higk poe@hity
Lump diatomite. as- it occurs in.-natire. ayerages ebout @f&ﬁnror“W@ﬁghs e pounds"
~eubdiec foots . However, this; varies greatly, ‘depending upon the nature' of the ~
deposit . and ‘may be: eaehigh as. 60, pnmmds ”‘%ﬁcrfo £ i“he*&ry, loose’ pew@er
ranges from 7 to 16 pounds onbiewfonm _ Becan efof its extreme lﬁgﬁtneys and
bulkiness it comma.nds high freight rates.

o i

Porositg mmm i:a a highly poroue su‘bstume - cnhw ‘foot of solid
silica weighs’ﬁ,*.&' The difference between l@&a% aaig@@ the welght.for a

cubic foot, 1ndlcatee“the excessive volume of ‘pore Sp@pe‘in the material.

Thermoconductivity.~ Because 6fltne minute size of its air cells and its
high POrOSitY. dnatométe is ‘a very poor conductor of heat..

i todiany oo oand wele A 1 el
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Angular nature of particles.- When diatomite is finely pulverized, the
minute cell walls, even though they may be broken, present sharp edges and corners
of “siliea. On this account diatomite makes an‘excellent'pelishing medium.

A Coefficient of expan51on - Unless diatomite has been subjected to very
‘high temperatures, in which case its amorphous nature changes, it expands or con-
tracts very little with changes of temperature. This adds to its usefulness in.
making insulating bricks for furnaces. : ' ; 0 e

Melting point.- Ihe .melting point of silica is 1, 600° C. The range for
diatomite is from 1,400° C. to 1,7509 C., or from 3,552° F, to 3,182° F.  These
variations depend upon the puritw of the material and also upon its density. If it
is vegy impure or contaminated with clay, the melting point may be as low as
- WOSEREG .

The index of refraction is 1.45.
Chemical

Diatomites from various parts of the United States show the fOIIOW1ng
range in comp051tion° i

Per cent

Silica (SiO ) ..... ....... S 65 to 97
Alumina (Ai vsL e O R ke IR 1
- Irom oxide %Fezos) MRS BRI o
‘hidme [0u0) .5 . 1 B R S ve OISt OMEE LB
Magnesia (Mg0) TR L
Potash (K50) .....cvvvmnvnnens 0.0 to 3.58
Soda (Nas0) ..veasioereroreses 00 to 1,43

‘VWater (Hy0) and organic : &

e e i s ST 3.40 to 14.01

: Upon ignition diatomite reacts in the same manner as ordinary opal. It
gives up its combined water between 500 and 800° C., It is insoluble in neutral

- solutions and also in acids other than hydrofluoric. It is soluble in.hyaraiiuaric
acid and in caustic alkalies such as sodium carbonate.

It may be observed from the above that diatomite is chemicaily ineit in
the presence of ordinary reagents. but its properties are affected conaiderably by

ﬁﬂﬁu&ities.

Diatomite does not effervesce when acids.are applied s AT Phislquaiity
..sometimes is helpful in its recognition. 7 2 :
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USES

. -Diatomite has many importent uscs because of the wide. adaptablllty of 1ts
extraordlnary physiéal propérties.: It has rapialy assumed gréeater and greater
importance in modern industry as markets are developed and 1ndustry becomes
familiar with the ‘varidus benefite to be derived from 1ts uee “One of the inter-
esting features:in respect to its marketing is that new uses cqntinually are being
foung for diatomite ‘which mére than make up for the decrease in some of, the older
ones. 4An example of this is the employment of diatomite as an absorbent in
dynamite. It is no longer used in this way, and what was once a major use now is
of mnegligible imnortanee. JEn the other hand it is comparatively recantly that |
diatomite has been em@iayed as a concrete admmxtuwe. Its use as a. fixlar for
'battexy b@ges also has grown rapidly in recent vears.“ R ek T

Ehe more important uses are: Flrst as a filtration medium, second as a
heat insulation material; and third, as an. admixture in concrete :

Filtratlon

Phe cane sugar industry at present 1s the largest consumer of diatomite.
It is uséd mainly in:filtering sugar solutions, beinz far' superior o other media.
Fowdered material is added to the sugar solutions, which are thén filtered through
cloth. The cloth is previcusly prepared by coating it with a thin layer of pulver-
ized diatomite. Thig'is dore by filtering through the cloth a small quantity of a
solution carrying pulverized diatomite "in- suspension. fhis preparatory coating
prevents the first -{iltFate -from being ‘cloudy before the ‘added diatomite collects
on the filter cloth and Bégins the filtering proceSs. A hiéh degree of efficiency
is obtained by this:method. .. For this woriz different variet1es of diatoms are said
to give different: ratee of filterrng. --------- a‘t*!'f’="q

Dlatomite 1s used to a certaln extent in the, Beet:: ‘sugar industry, but the
total tonnage consumed is small in comoariaon with that xsed in the cane sugar
industry. o St

A Diatomite also may. e used4 for filtering orange Jjuice, lemon :juice, and
grape Julce, vinegar, pectln, c1tric acid .glugose, lactose,, maltose,: molasses,. |
, Syrups, eottonseed 011,,corn oil, fish 011,~caster 0il, . lard, rugsed. crank:case:o6il,
used transformer oil, petroleum, netro-enaewater amu151eus. :beverages, "anbitoxins
and serums, nitro-cellulose dyestuffs, glvcerlne alcoholic extracts, adbesives,
various emulstons, _sewage, .1iguid soaps, and. dhamiﬁals ; f

Deb051ts contaznlng salt or much clav or other impurzties are uﬁnally eb-
Jectlonable unlese these dimpurities can be.eliminated before use. Salt dissolves
and contamlnates the filtrate, and clay, has a. tendency to .clog the:filter cake,
rétarding the &peed of filtration. S FOORSEE BD UL NS s ARl iagnd

4 OCalvert, Robert, Page 26 of work cited.
8370 : e
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Heat Insgulation .-

Owing to its extreme porosity and fineness of -indiwidual @ir chambers,
diatomite in various forms is extensively used as insulating material. Air is a
very poor conductor of heat. However, if the air chambers-are large, heat is
transferred by convection. If the air chambers are very small, as in diatomite,
transference of heat by convection is reduced to a minimum, hence diatomite has:
excellent heat  insulating qualities. ' For insulating, diatomite may be used as
sawed. bricks which are cut from the rock in place at the quarry, as a granular
powder, as bricks which are prepared with some bonding material and then calcined,
or as mortars and cements. The bricks are used extensively for lining furnaces, in
which they are'usually-placed behind a firebrick facing and are backed up by
ordinary brick. = Thus sandwiched in, they are very efficient in preventing heat
losses. e o . R S s . _

Eardley-Wilmot has summarized thé insulating uées of diatomite, employed
as powder, brlcks, slabs, plpe coverlngs, or cemenbs, as follows.5

Steam»power plant GQUmeent' : i maE
Boilers, steam pipes, breechings and flues, euperheaters,
and economizers.,

Petroleum refinery equipment' : '
Stills, still furnaces, rotary kilns, b01lers, plpes, oil
lines and flues, storage tanks and reservoirs, forewarmers
dephlegmatlng towers, etc » » -

Iron and steel meltlng fabrlcatlng
‘Hot-blast stoves, mains and bustle pipes, regenerators and
flves, by—product coke ovens, core baking ovens, producer
gas mains, billet heating furnaces, annealing furnaces, _
heat-treating furnaces, malleable annealing ovens, foundry .
ladles, furnace doors, crucible furnaces, gun furnaces. '

Nonferrous smelting, refining, and fabricating:
Reverberatory furnaces, rolling-mill melting furnaces,
sintering furnaces, roasters (single and multiple hearth),
melting furnaces, annealing furnaces, heat-treating furnaces,
calcine hoppers, zinc retorting furnaces, sulphur burners, '
lead pots, metal mixers.

Lime and cement plant equipment:
“ Rotary kilns, vertica1~shaft 11mekilns, beoilers, flues, and
settling—chambers. A :

Glass manufacturing equipment: o ' :
Day tanks, pot-arches, boilers, producer gas mains and flues,
refining end of melting tanks, regenerators and recuperators,‘
tunnel kilns for preheating pots, flattening ovens. -

5 Bardley-Wilmot, V. i , Diatomite, Its Océurrence, rfreparation and Uses:
Canada Department of Mines, Ottawa, No. 691, 1928, p. 14.
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Ceramic plant equipment: - ... . :
Periodic <ilns, tunnel’ Kllns, fritting—fuznaces, enamel
dfylng-ovens, -wagte: heat or direct heat bozlers. Waste
heat fIUes, enamelllng fursaces.‘“j g e

Gas—generating equlpmentts . ' R
e Ylater and.oil gas. sets, Qan owens, gas produpers, méaing ;
“-and flues,- coal gas. retorts, waste heat flues, b011ers & s

s End (waste heat and direct, flred)
v General i -'» j A B B
“,fj" Baxers' ovens, crematorles, drlers, dust catchers,‘electrlc

“'furnaces, evaporators, fireless cookers, " f orgwarmers, incln—
erators, pipe-covering (all kindg), preheaters; safes; -
 filing cablnets, soap-settles, etc.

ol £
Gomay b

Refrigératlon and construetlon R i s AT
Chill rooms, ice cellars, cold storagés* refrlgerators, in..
walls of buildings, roofing tlles, fireproof and other palnts,

*¥7 . andi for sound:deadening: . . -

Diatomite mages good insulating material for dwelllngs. The usual practice
is to spread 2 inches of powdered diatomite between the ceiling joists. If desired,
the space between the wall studs may. be fllled “algo. Thig¢ gives &n: insulating
equivalent ‘of ‘30 to 40 'inches.of. ord;nary brick*&nd zeeps the building warm in
winter and cool in summer. Vermin are’ kept out'and an ' added ‘quality of fdreproof-
ing is given to the structure. ©Since ‘diatomite readily -absorbs moisture it should
not be used near thﬂ g;guna level ox.: in, e%cess;vely damp‘places '

Pulverlzed dlatomite bonded with dbout 107 per cent aebestos is made into a
plpe—coverlng ‘compound:; :*:The mlxture is moistened Wwith water &nd pressed into suit-
able shapes ~Thege are’ usually‘made;ln 1ong1tud1na1 halves and wrapped with canvas
upon 1nsta11ation. S : o e ke

Gorcrete Admiyture el

Yoy gl

‘s & concrete adm1xture‘ from 2 to'5 pounds of pulverlzed diatomite may be 3
mixed intimately with.ore,bag: of. cement a rhe other aggregates and water are then
mixed ‘with the cement.in' the usua1 manner.l It ig thOUght that the diatomite, be-
cause of its high abscrbent quality, takes up the- excess waber, «lthough it probably..
yields some of it, later duriang the hardening stages. - ‘Used inithis way it adds
greatly to the worksbility of the mix.and. rebtzids seg“egatlnn of the sand and gravel,
This is a particular’ advantage- when conrrete ig mixed: at a centraliplant and where
some time may elapse before it is pourea into the' ferms. " SLHsequent stripping also
is rendered easier. In the curing of concrete, laitance or the surface scum which
usually forms is diminished by its use.. . Whether or not diatcmite adds to the
eventual strength ‘of the-coucrete-is & questlon much ‘digciicy=d.. In many cases 1t
probably aoes, not‘because -of rany . iuherenu cemwnting qUalluLus in the diatomite but
..because less water may ‘Be iused-for a given de srgpe’ of workatility. It is a well-
known fact. that too’ much water de#vacts materlaxly from the ultlmate strength of

B DAy e A, .
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concrete. By using diatomite the desired worxzability is obtained without an excess

of water and a corresponding increase in strength results. Concrete which will
come in contact with the .ocean is rendered more immune to the disintegrating in-
fluence of the salt water by the: addition of diatomite. In this respect it has
been used in the building of concrete ships. Its use also is growing for aqueducts
and siphons, as conerete containing diatomite.is said to be more waterproof than
ordinary cinds. ; - Dt ool

It seems that the use of dlatomlte in concrete should eventually become of
even greater importance. to the dlatomlte industry than it is now. Further research
along th1s line is being done.

Minor Uses

The use of diatomite as a filler for battery boxes has increased rapidly in
the last few years. The annual tonnage now so employed is considerable, and this
market is one of .the most important of the newer .outlets which are being developed.
Finely ground diatomite ig also used as a. filler in hard-rubber ‘products, phono-
graph records, papier mache, paints and varnishes, oil cloth, linoleum, insect-
icides, and for other purposes where a light porous material is requlred

Diatomite is . used as an absorbent in the manufacture of acetylene gas. It
is used also for .absorbing chemicals such as bromine, alcohol, and acids, for
liquid fuels, liquid manures,. and d1s1nfectants It makes a good packing material

‘for strong acids such as nitric and sulphuric acids because in case of breakaée it

tends to absorb the spllled acid.

Dlatomlte is used as a source of gilica for ultramar1ne blue, and in the
wet process of manufacturing water glass. Diatomite is used often as a carrier for
catalysts in the hydrogenation.of oils for the manufacture of soaps. Diatomite
also is said to: possees certain. bleaching qualities.

In structural work, be51des its use in coucrete alatom;te is used in the
manufacture of roofing t11es and for certain building blocks and bricks where light
weight is desired. It may be used for soundproofing rooms and telephone booths,
and fireproofing safes and storage vaults.

Because diatomlte when flnely pulverized ylelds minute particles which
still retaln angular characteristics, even, though the individual diatoms may become
broken, it is widely used as an abrasive for pollshing “Where metal surfaces are
required to take a high luster, the desired effect or pOllSh is had by making
minute microscopic scratches on the metal which in turn reflect light, Pulverized
diatomite sometimes m1xed with other ingredients maxes’ ah-ideal material for this
purpose., :

8370 Rk Fawd: 3 e sdniiot S T
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.Many metal polishes now on the marget use diatomite as a base. the small,
tough freshwater varietles are said to be the best for this purpose. Polishes of
" this kind may be used for s1lverWare and for scientific and surgical instruments.

" Such polishes usdally are. marketed in: the iorm of pastes or powders. Diatomite
‘also may be used in automoblle polishes, .and . the purest and finest material is

" used' to- some, extent ln dental powders and- pastes and in finger-nall polishes.

Diatomite has been used ds a perting medium 1n steel foundry practlce, as
a substitute for chalk in crayons, and as dusting powdersifor ‘automobile tubes and

" tracing cloth.’ “Diatomite is used to some extent in the ceramic industry in the

manufacture of porcelains and tiles, ‘as- an adulterant in cheap foodstuffs, as a
constituent of modelling putty ‘and ‘shoe pollsheS' and as a med1um through which to
blow air for aerating liquids. Dk :

- MINING

: Commerc1a1 deposits of dlatomite -may be divided into three general types:
Fin%t those CIOse to: the gurfacé, which may be mined. by. quarry methods; second,
" “those which extend-deeper and are’ exploited by shaft and st0p1ng, and third, those

" which occur in shallow 1a&ee or swamps‘

- The California deposits are of the f1rst two types For quarrying opera-
* tidns the overburden is removed either by machinery; or. by, Scrap6rs and hand tools.
“Blasting usually can not be. regdrted to in this operation as ‘At:might shatter the

“‘underlying beds After the strata of . dlatomite -are .cleaned off, the actual quarry-

ing is begun and" benches are developed as fast as p0531ble in order to give a
sufficient number of working places. Any clay partings in the beds aid in the

: ‘splitting off of slab material, although sometlmes llgnt charges ‘of powder are em-

ployed. For certain types . of proauets the matérial is sawh nearly to :the desired

* shape by means of speo;ally constructed machinery in the quarry. -Otherwise the
slabs are pried out by hand or loosened by small charges. of powder and then shoveled
into wagons for transference ‘to drylng s1tes Power: shovels are not used to any
appreciable extent, although in’ Washlngton ‘there ‘is a. denoslt near “Ellensburg where
a gasoline Shovel 1s used to strlp off the ‘overburden and also t6-load trucks with
“diatomite. ‘ & . . : _

Recent practlce at the® larger operations is to mine the great beds of
diatomite by underground methods. From.a main’ haulage tunnel raises are put up at
suitdble intervals to the strata desired, and ‘stoping. 1s done by room—and-pillar
‘methods. The looséned and broken dlatomite is handled by scrapers :to the raises

' from which it is passed. down 'to.cars in. the haulage tunpel. Such mining methods

may be supplemented by quarry operations Ln the general mlnlng scheme.

In Nevads a’ deposlt of dlatomlte is mlned from a shaft which is sunk
parallel to the dip of the 'strata.. From the ‘ghaf't drlfts are.run at suitable inter-
vals along the strike, after which stoping preceeds. Plllars left for support are
to be removed later,
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In Lake County, Fla., the diatomite is found in shallow water. deposits. 4
floating dredge is used with a suction hung from a boom. It is,equipped.vi&h,
specially constructed revolving blades which collect the loose material, after
which it is conveyed to the top. ‘ |

“In some cases it is feasible to drain a shallow lake beforefattempting to
recover the beds of diatomite. Usually, however, this practice is much: too expen-
sive, and some form of dredging must be resorted to.

PBEPARATION FOR MARKEIING

Crude diatomite because of its sponge-like qualities naturally tends to
soak up ground water or rain. Therefore, after being mined, the first step in the
preparation of the material is to eliminate this uncombined water - uncombined be-
cause it is in addition to the 4 or 5 per cent of water which is locked up chemfcal-
1y with the silica and can be driven off only by calcination. Removal of this ex-
cess sponge-water may be done in several ways. At some plants the material, in the
form of slabs, is carted to suitable drying sites. There it is stacked in long
windrows where the hot, dry desert winds remove most of‘the,uncombined water. .After
being allowed to dry in this manner for several weeks the moisture content is re-
duced to 10 per cent or less and the material may be carted to the grinding plant.

In regions which do not have these natural drying conditions the material
must be dried by artificial means. also, recent practice at the larger plants is
to do most of the drying in ovens or kilns even though natural drying conditions
are available. ; ; '

Where a pulverized product is desired, common practice is as follows:

After the preliminary drying, done either by natural or artificial means,
the meterial is passed through crushers or toothed rolls. A trommel returns the
oversize and passes the undersize to some form of pulverizer, such as the swinging-.
arm type. Pulverizing must be done carefully. lhe object is to free the
individual diatoms but not to crush them;ggggggggaxilx; The material from the pul-

e i e s

verizer is screened and the coarser sizes are ready for packing. The finer material

is passed through a-series of cyclone air separators which classify it to the
various fine sizes desired. Prior to air classifying, sand traps remove as many of

the objectionable impurities as possible.  The material from the cyclones is sacked
and is then ready for shipment. Sometimes these sacks are passed between light
rolls to compress them so that more may be loaded into the freight car.

Two classes of diatomite brick are made, sawed brick and pressed brick.
The sawed brick may be of two kinds, natural or calcined. In preparing natural
brick, diatomite is cut in the quarry rearly to size by specially constructed saws.
The brick are then dried and are trimmed by grinders, after which they are packed
in cartons. The calcined brick are fired to the desired temperature, after which
they are packed for shipment.
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There are three general varieties' of pressed brick. First, the ordinary
brick which is made from a high-quality diatomite. The powdered or granulated. .
diatomite is moistened with water to a paste, pressed ‘to shape, dried and fired to
the desired temperature. Sometimes bonding meterials are used, such as lime .or
clay. .

The second class of pressed brick is made from-g heavier form of digtomite., .
This is lightened by the inclusion of organic matter; ‘such as corik, which burns
away during the firing process. This leaves many small cavities throughout the

brick, which add to the lightness and porosity.

The .third type of .pressed brick is largely in the form of tridymite. Where
a brick is desired to withstand high temperaturés ‘Whis type is recommended by the
manufacturers.  -At.certain high temperatures the crystalline form of silica. changes
to either cristobalite or tridymite. Cristobalite is very objectionable because it
wontracts.or:expands appreciably with only slight changes in temperature. -This, ;of
course, would result in spalling or cracking.  Tridynmite, however, maintains a
nearly even:size: - ... . ?} g AL T P e '

ST BT B i B o g 3 B ol il W by
Cogs,: U.- 8., Patent 1,544,433, hag patented a process for maging tridymite
brick for high temperature.insulation, such as for marine boilers. 4 binder of ;a

refractory clay is used with 1 t8'3 per cent of lime which, it ie claimed, favors : .. .

the transformation of amorphous silicgﬁto_txidymite
2,5000 F.. ; PR o

when fired at a temperature of

In Florida the material after being dredged is allowed to settle in long. -
boxes or vats. The water is drained off and the material, which is by now more or
less consolidated, is air-dried, passed to vacuum chambers for further drying, and
then to furnaces which burn out all organic matter. It is next ‘crushed or
pulverized, sized, and paciked for shipment.

In a Nevada mill the very wet material is given a preliminaryféﬁushing and
is then dried on conveyors by stcam in a closed room. It is next pulverized, :
screened, and passed to the cyclone system forlfiﬁal clagsification. v UL

MARKETING, PRICES, AND'BUYERS:.-

Any one contemplating thé marketing of' diatomite ‘should bear in mind that
its uses are somewhat dependent upon the kinds 'of‘diatoms and their:individual.
characteristics. For instance, gualities of heat insulation may vary between wide
limits, depending upon the physical properties of the different varieties of diatanms
and impurities present. As most United States diatomite is mined by one producer
and morketed under trade names, no general specifications can be lald down concern-
ing the various products. : it i - P

_ Before-any abbewpt, is.made. 0. place. new matenial upon tiie markst a very

thorough investigation should be conducted. This should include complete chemical
and physical analyses of samples taken from the separate horizons of the deposit.

( 8370 _14__'
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Check runs should also be made from different places in the same horizon. Chemical
analyses will give data on ‘the various impurities such as organic matter, salt,
clay, etc. Physical tests should include a microscopic examination to learn some-
thing of the kinds of diatoms present. " THe moisture content, porosity, and
specific gravity also should be determined. ol -

It would be advigable to maxe sctual tests of the material in the uses
contemplated. For example, if" it were thought ‘that a particular deposit was suit-

able for use in filtering, experiment®”should be made with the solutions it was in-
tended to filter. This applies equally with proposed uses as insulating material
because of the wide variatiorn in theé heat insulating qualities of the various types
of diatoms. In fact, all considered uses should always have exhaustive preliminary
tests. < & : A RS S - S . b

Owing to their fragile nature, for shipment bricks or blocks are placed in
crates or cartons. Crude, air-dried material is customarily packed in burlap sacks
of 90 to 100 pounds each. Pulverized diatomite may be packed in paper bags. Bulk
shipments also are made. - Sl

Transportation i§ an important marketing:problem. ‘Owing to its relatively
light weight and corresponding bulk, diatomite conmands ‘high freight rates, and a
minimum carload of 20 tons is seldom attaineds: For thisssame reason the cost of
containers per ton is relatively high. The fact, too, that most of the larger
deposits occur in the West tends to make the material rather costly for eastern
consumers,

The latest available prices as quoted in-"Metal-and Mineral Marxets,"
Engineering and Mining Journal, June 5, 1930, are as.follows:

Diatomite per short ton, f.o.b: producing plant: 7
Kiln-fired brick, $65; kiln-fired aggregate, 2, $45; uf

insulating powder $25; natural aggregate ' $18 ® $20; \

air floated powder, $45; 80 to 85% silica, 98 per cent

through 200 mesh, $20 in carload lots. -

b
v

W

These quotations are more or less nominal and should be taken only as a
rough guide because diatomite at present is sold largely under contract. between
the individual producers and the comsumers.- Prices of these contracts may vary
greatly from the above figures because of the various factors involved such as
tonnage, individual specifications, and characteristics of the material. They
are usually the result of direct negotiation between the producer and the buyer.

8370 . ¥ o7 roat R



I. C. 6391

diatomite.

Buyers.~ The following companies are some of the more important buyers of
Jérbme'Alexander,:50'éaétfélétfStreét,:NGWVYorklﬁN._Y;

- F. Behrend (Inc.), 170:Front Street; New:York, N, ¥.-.

‘Bon Ami- Co., 17 Battery Plaée, New York, N..¥u oi..0 oo

" H. C."Bugbird Co:.;'59 Pearl' Street,.New York, N, X, . .

Charles B. Chrystal Co. (Inc.),:99 John Street, New York, N.. Y. : .
Cooper & Cooper (Inc.), 23 Cliff Street, New Yorik, N. Y.
" Timer % hmend, 201-209 east’13th:Street; Vew. York; M. ¥; - - . ,
~'The ‘Exolon Co: ;' Commercial Avenue & Erie;R.-R., Blasdell,:N. Y.. Pkt <
__"Héﬁmii'&“Gillésﬁie”(Ihbﬁ);”240~Fron$JS¢r6et¢zNeWiXOIK;fN, e

‘The' Harshaw Chemiéal' Cov of MNew York,  (Successors to:The Superfos:Co.

‘;“f'"(Inc;))} 150 Nagean Strebt;: New: York,  Nui Yoo oisiy v siiw way o
7 Leon Hirsh & Son; 368/ Greenwich Street, New York; ;N. Y. . .-
J. L. Hopkins % Co., 135 William Street, New York, N. Y.

Industrial Chemical Sales Co., 230 Park avenue, New York, N. Y.
‘*;“Innis,~Sbeidéﬁf&ﬁGOEV(Ihcvﬁgﬁso'CliffﬂstreetiiN@W;Y??K;:NweYe~p41
redok, Kl Apstetn & 0. New Yoy Mo Too: st i vertic  miiei Laioions v
-»'ﬁarkin*cow-(inc);v680"Seneca,Streat,~3uffalqw;Nl,¥f,Ai?ljﬂ,.:;rv- S

New England Quaritz Co. of "New York, 152 Nassau Street, New York, N, Y... 3
~ Orelite Co. (Inc.), 109 Broad Street, New Yorkx, N. Y.
’“Pdmérdyt&ﬁ?iécher?(Ind;);JQSTMadisomaﬁNﬁnuﬁj=N§WﬁY9?§ﬁ.N-~¥mA,uﬁ, :

’~L%”A;VSaloﬁonf&VBrd;yAzlﬁ:PearluStreeplyVewgﬁorkleﬁcxﬁi-"

2tk Wm. H. Scheel (Department a);:179: Water. Street, corner ,Burlm,g; -

e Smith Chemical & Colox -Co. (Inc.)s.Moore & South §treets,

8370
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Samuel H. French & Co., 400-412 Callowhill Street, rhiladelphia, Pa.

' ‘General Refractories Gd.¢f10ﬁfsouth416§h55treetyifbiladelph%aua?a-

Shimer & CoJ'(Iﬁé;OQ.lzz*south?EourthaSQrQatTgPhiladBlyhi%g.Pag;.
Charles W. Young & Co., 1247 morth 26th Street, Philadelphia, Pa.
R. F. McGrovy Coi, Calhoun Street % Paghley wvenue, Irenton, N. J.
ThomaSrMhnnfé@turing-Co;;ill?fwesthagienqStrQe#liéalﬁimore, Md.
Minerai:Soép*Manﬁfacturing;co:;aLowell;GMaaaenv; AT
Abbott Labsratories; 14th Street & Sheridan Road, North Chicago, Ill.

Holman Soap Co., 3104 .Fox - Street, Chicago, &l1. o - oo .

Hylonite Products Co., 1107 Addison Street, Chicago, Ill. &

- ' Tamig Silica Co., B30 north: La:Salle Street, Chicago, Ill.. .. ..
. WighnickiTumpeer: {Iné. ), 363 east Illinois Street, Chicago, I11.,

261 Front Street, New York, N: ¥.; Davenport & east lath- -
Coleman & Bell -Coi (Ine:), :Noemwood; -Ohdo. ;- . 5. g srupe v o
‘The DuBdis Soap Col, 1120 west:Front Street,:Cigpipgati{“Oh}dg;}”‘
Excelsior Ball Clay Co., 31 East 13th Street, Cincinnati, Ohio.’

The Globe Chemical Co., Murray Road & Big Four R. R., St. Bernard,

Cincinnati, Ohio.
National Sales (Corp.), 31-35 east 13th Street, Cincinnati, Ohio.
Rub-Tex Products (In¢.), Indianapolis, Ind.
Braun (Corp.), 363 New High Street, Los Angeles, Calif,
Los Angeles Soap Co., 617 east First Street, Los angeles, Calif.
Algernon Lewin Curtis, P.O. Box 61, Westmoore Laboratory,
Chatteris, England.
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ERODUCERS

Companies in the United States reporting to the Bureau of Mines as pro-

ducers of diatomite in 1929 are as follows:

8370

California .. z i - S
Fresno County: Mendota - Mineral Products Manufacturing Co.
(1735 Ventura avenue, Fresno). . 5 &
Los Angeles County: Torrance - Floatstome Froducts Co.
(423 Wall Street, Los Angeles). e
Monterey County: Monterey (near) - The Calatom Co. (Ine.),
. (Monterey); Pacatome Co. (814 EKohl Building, SanFrancisco).
Santa Barbara County: Lompoc - (Celite Corporation) Johns-
Manville Corp., (292 Madison Avenue, New York, N. Y.).

Oregon
Deschutes County: Terrebonne - Atomite Corporation

€1021 Pacific Building, Portland).
Malheur County: Harper - Whiteurth Products Corporation.
~ (Harper, Oregon). - ‘

Washineton
Kittitas County: Kittitas - Kittitas Diatomite Co. (Ellensburg).

Roza - Washington Silica & Fire Clay Co. (3205 Hewitt avenue,
Everett), ' :

Nevada

Elco County: Carlin - Carlin Products Co. (Inec.),
(676 Subway Terminal Building, Los 4ngeles, Calif.):
Iri-o-lite Products Co. (Carlim, Nevada).

Esmeralda County: Basalt (near)- U. S. Diatom Co.
(800 Santa Fe' Avenue, Los angeles, Calif.). 3 1

Storey County: Virginia City - The Electro-Silicon Co.
(22 Cliff Street, New York, N. Y.).

Florida
Lake County: Clermont - Florida Diatomite Co.

Virginia
Westmoreland County: Oak Grove - American Diatom Co. of Virginia
(618 Witherspoon Building, Philadelphia, Pa.).

Maryland :
Calverf” County: Dunkirk (near) - Diatomaceous Products Co. (Inec.),

(907 Fifteenth Street, N. W., Washington, D. C.

New York
Herkimer County: Poland - Adirondack Diatomaceous Earth Co.
~ (Herkimer). ‘ '

' New Hambshire

Grafton County:. Canaan ~ New England Minerals (Inc.),
(85 Devonshire Street, Boston, Mass.)
' - 17 =
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PRODUCTION. STAPISPICS

World productlon of dlatOmite by countries, 19PO~1928. in mntric tons

Country 1920 [1921 1922 | 1923 | 1924 | 1925 | 1926 Toa7 | 1928
Algeria .......... |:1;500{ - 800| 2,480|10,000}29,092 as 543 27,981 |29,542| 210,144
Australia: ' 3 -

New South wales. | ~390| . 209! 489| " 623| . B73Y: 712‘ 926 1,229 1,381
CaBmBlE. o5 ouie o0 (v) (v) 199 318l .30y (e (o) 241 334
Prance ......seesiot SLE00 -4,5861=4 620]" 4,550 \2 300/ 1,500{ 7,130 (a)} (a)
Germany (exports).| 4,94%|82,415 '5,207| 4, 096).4,826|:4,556) 6;919| 6,023 6,703
Ireland (nortﬁern) 6,203 4,228 1, 09| 1,680|,2,480|: 3,397/ "3,025| 3,427 4,812
68y .. 0 AN DTSR L eT 175:"' 4501 420| 420 1,200 7vool 1,180
T e (b) (b) 4.690‘ 5,319| 5,040| 4,727 (d) (4)]  (a)
Norway (exports) 75 113 88| ,110{ .. .674 " 48} - 58 80 84
RUBBER v sisnniermn s (o)1 Au¥ ()l tadl (d)..2‘344 <8 055] 5,187  (4)
SWeBEn . .u.oi . us .| (a)] 00| g2zl 696 . 608 819 475, “g22{  (b)
Union of South TR IR e RIS ; i

Pl T Fien bl (b) 217 226 (c) (@)} (c)]. - Le)
United States ....|56,174|50,016!40,606!59,722|57,300/66,251(79,089| ~ (£)|  (f)
a Exports. " ARSRRRAG U T a S s v :

b No record. A Al el L Tl sl el
¢ No pulimiion ol i

d Data not available.

e DPigures from May to December, 1921.

f

Bureau of Mines not at 1ibe:§y.tqﬂpublishgfiggrés;

o

ECONOMIC COVDIEION CF THE INDUSPRY

The size of the industry. at present is due quite largely to the educatlonal
advertising and pioneer work of one company which.is now the' largest single pro-
ducer. Because of this dominant position of an individual concern the recent pro-
duction figures may not be published. However, the volume produced has enjoyed a
vigorous increase for some time, e :

Further development and enlargement of markets is still possible. Owing to’
its peculiar characteristics diatomite has a very wide range “of uses. .4As an:admix-

ture to concrete there would seem to be a tremendous potential fiéld of consumption

which should open up as further résearch work is done and more complete specmficaq
tions for its use laid down. Nuch wider use is possible Ior insulation in steam
plants and in buildings, 1n the separau¢on of waier-cil: ému131ons, and for reclaim-
ing lubricating oil. b T

With the growth of consumption new devosits will naturally be lOO&Bd to
with interest. Some of these, no doubt, may be opened- and operated profltable.
Taken as a whole, the diatomite industry is a spec1allzed ore, requiring continuous
comprehensive research work on the crudle material,” and its preparation and sale.
Scientific and engineering skill is demanded throughout if the-requirements of the
consumer are to be met satisfactorily and profitably. Fallures have resulted in
the past from a lack of these essentials.: ‘ :
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Location

CLAYS (Cont'd)

approx. sec. 9,
21N-29E

sec. 21,22
2IN-29E

N-11W
Nav. B.L.

sec. 26 proj.
21IN-29E

sec. 18 proj.
21N-29E

sec. 7 proj.
21N-29E

DIATOMITE
E}; 12N-26E

GARNET
9 mi. SW of
Mexican Water

3 mi. W of
Mexican Water

approx. sec. 30,
3N-5W, sec. 13,26
3N-6W Nav. B.L.

L IMESTONE
2 mi. SW of
Dinnehotso

APACHE COUNTY (Continued)

Quadrangle Map

Ganado 1 NE 7%’

Hunt 15'

Dinnehotso 15'

Mexican Water 7%’

Buell Park 15'

Dinnehotso 15'

Known Names

Graywater
Wash

Beautiful
Valley

Balakai Mesa

Allentown
Mine

Cheto No. 2
Cheto No. 1

Concho Creek

Garnet Ridge

Mexican Water

Buell Flat

Dinnehotso

Description-Comments

Bleaching clay.

Bleaching clay/lenses
in altered vitric tuff.

Bentonitic clay in
Chinle Form; capped by
shale.

White kaolinized sand-
stone overlying Dakota
sandstone.

Bleaching clay, past
production.

Active bleaching clay
mine, used for filtering,
vitric tuff lenses in
Bidahochi Form.

Active bleaching clay
mine, used for filtering,
vitric tuff lenses in
Bidahochi Form.

Diatomite bed capped
by basalt.

Pyrope garnets in vol-
canic breccia pipe.

Garnet-bearing material
in alluvium.

Pyrope garnets in kim-
berlite tuff, some
olivine.

Limestone lenses within
Navajo sandstone.



Location
BARITE (Cont'd)

sec. 30
23S-25E

CLAYS
sec. 35 (?)
17S-19E

sec. 20,21
175-20€E

DIATOMITE
sec. 27
17S-20E

sec. 17
18S-21E

FLUORSPAR
sec. 34
135-27E

sec. 13
14S-20E

sec. 23
155-22¢E

sec. 17
165-30E

sec. 1
16S-22E

sec. 5
165-22E

COCHISE COUNTY (Continued)

Quadrangle Map

Bisbee 15'

Benson 15'

Benson 15'

Benson 15",

St. David 15'

Luzena 15'

Oragoon 15'

Dragoon 15'

Cochise Head 15'

Dragoon 15'

Dragoon 15°'

Known Names

Gold Hill

Whetstone

Mtns.

Benson

Post Ranch

Curtiss

Buckeye Canyon
Prospect

American Mine,
War Eagle, LA
Ventia

Peabody Mine

Indian Creek,
Pague Prospect

Banks Mine

Homestake
Prospect

-15-

Description-Comments

Barite gangue with man-
ganese oxides in Naco
1imestone (Penn.-Permian).

Black graphitic clay,
used for brick lining
of smelter converters.

Bentonitic clay, gyp-
sum lenses.

Diatomite, past pro-
duction for 1t.-wt.
aggregate and scouring
powder.

Horizontal diatomite
bed interbedded with
volcanic ash.

Fluorspar veinlets in
granite (Pre-Camb.) cut
by rhyolite dikes.

Fluorite-barite gangue,
metallic sulphides in
granodiorite (Pre-Camh.).

Fluorite-quartz ganque,
copper-zinc ores in
limestone (Penn.).

Fluorspar vein in faulted
limestone (Penn.).

Fluorite gangue, schee-
1ite, huebnerite in
quartz monzonite.

Fluorite-quartz associated
with scheelite, gold-
copper ores in Pinal schis
(Pre-Camb.)



Location

BARITE (Cont'd)

sec. 5
GN-10E

sec. 6
9N-10E

sec. 7
ON-11E

sec. 31 proj.

8N-12E

sec. 35
IN-9E

sec. 7,8 proj.

2N-16E

sec. 29 proj.

IN-14E
CLAYS

sec. 20,29

8N-10E

approx. sec.
73N-9E

sec. 27
IN-23E

sec. 24 (?)
IN-15E

sec. 11
3S-13E

DIATOMITE

sec. 26 proj.

IN-18E

GILA COUNTY (Continued)

Quadrangle Map

Payson 15'

Payson 15

Payson 15'

Picture Mtn. 7%'

Reno Pass 7%'

Rockinstraw Mtn.

15'

Inspiration 7%’

Payson 15'

Pine 15'

Rount Top Mtn. 7%’

Globe 15'

Sonora 7%’

Natural Corral
7'

Known Names

Description-Comments

Grey Fox Group

Gisela (Spook)
Deposit

Top Hat Group

Lone Pine Claim

Richmond Basin

Castle Dome
Mine

Quintonite
Pine Area
North Fork,

White River

Weary Lode

No. 1 Mine

Skeleton Wash

Barite veinlets.

Barite stringers in
diorite (Pre-Cambrian).

Barite vein in fractured
granite.

Barite vein in faulted
quartzitic schist (Pre-
Cambrian).

Barite vein in pyroxenite(?
Barite veins.

Barite-fluorite mineral-
ization, copper ores
within quartz monzonite.

Active clay mine.
Kaolinitic clay, calcite.
Kaolinite in sandstone.

Past production, kaoliniti
clay in altered granitic
rocks, used for tiles,
pond linings, ceramicware.

Kaolinite in altered
granitic porphyry.

Diatomite interbedded wit
limestone within lake
sediments.



Location
SILLIMANITE GROUP
(See FELDSPAR)

WOLLASTONITE
(see GARNET)

BARITE (Also see
FLUORSPAR)

sec. 19

4S-20E

sec. 28,29
4S-19€

sec. 12 proj.
5S-19E

sec. 20
8S5-22E

sec., 13
8S-21E

/DIATOMITE

sec. 33 proj.
1S-19E

sec. 1,11 proj.
2S-19€

sec. 24
45-23E

sec. 21,22,23,26,
27,28, 85-28E

GILA COUNTY (Continued)

Quadrangle Map

Known Names

Description-Comments

GRAHAM COUNTY

San Carlos
Reservoir 15°

San Carlos
Reservoir 15'

San Carlos
Reservoir 15°'

Sierra Bonita
Ranch 15

Sierra Bonita

Ranch 15"

San Carlos 7%’

Mt. Triplet 7%'

Ft. Thomas 15'

Ory Mtn. 7%’

Barium King
Group, Mitch-
ell Barite

Copper Reef
Mine, North
Star, Coro-
nado Group

Silver Star
Prospect,
Little Mule
Group

Graham
Prospect

Kinney Kye
Mine,
Marcotte
Group

Triplets
Wash

Whitlock
Deposit

"

Barite vein with fluorite
in trachyte.

Barite vein, fluorite
in limestone (Carbonifer-
ous), lead-copper ores.

Barite veins in frac-
tured diorite.

Barite vein with fluorite
in granite.

Barite veins with fluorite,

copper oxides in volcanic
agglomerate.

Diatomite overlain by
alluvium,

Impure diatomite.

Impure diatomite beds
and volcanic ash.




Location

OIATOMITE (Cont'd)
approx. sec.
65-27E

FLUORSPAR (Also see

BARITE)

sec. 19
4S-20E

sec. 28,29
4S-19E

sec. 12 proj.
5S-19€

sec. 29
5S-20E

sec. b
6S-22E

sec. 29
6S-20E

sec. 22
7S-21E

sec. 13
8S-21E

sec. 20
8S-22€

GARNET
sec. 36
4S-19¢E

19

GRAHAM COUNTY (Continued)

Quadrangle Map

Safford 15

San Carlos
Reservoir 15°

San Carlos
Reservoir 15°

San Carlos
Reservoir 15'

Klondyke 15°

Jackson Mtn. 15'

Klondyke 15°

Jackson Mtn. 15

Sierra Bonita

Ranch 15"

Sierra Bonita
Ranch 15

San Carlos
Reservoir 15'

Known Names

Oescription-Comments

Solomon
Deposit

Barium King
Mine

Coronado
Group
Little Mule

Group, Silver
Spar Prospect

Landsman
Group

Mt. Jackson,
Rhodes Spar

Grand Reef
Mine

Edith 1 & 2

Marcotte
Claims

Graham
Prospect

Quartzite Mtn.

w3 Gl

Diatomaceous beds inter-
dedded with clay and
alluvium.

Fluorite, barite, calcite
vein in brecciated
trachyte.

Fluorite, barite, quartz
vein in limestone.

Vein of fluorite, barite,
quartz, lead-silver
values in latite or
andesite breccia.

Purple fluorite stringers,
lead-silver values in
faulted Timestone.

Past production, purple-
green fluorspar veins
in granite (Pre-Camb.).

“ine-grained brecciated
fluorite, quartz, lead-
silver values in schist
intruded by rhyolite dikes.

Fluorspar veinlets in
granite (Pre-Camb.).

Veins of barite, fluorite,
calcite, silver-gold
values in volcanic agg-
Tomerate.

Barite, fluorite, copper
oxides in granite (Pre-
Camb.).

Andradite garnet in meta-
morphosed 1imestone
(Paleozoic).



Location

ZEOLITE
sec. 16
3S-29E

GREENLEE COUNTY (Continued)

Quadrangle Map

Known Names

Description-Comments

Clifton 15°'

MARICOPA COUNTY

BARITE (see FLUORSPAR)

sec. 34
SN-10W

sec. 35
SN-10W

sec. 4
2N-7E

sec. 19 proj.

2S-6W

sec. 25
4S-8W

DIATOMITE
sec. 15
6N-1E

Lone Mtn. 15

Lone Mtn. 15'

Granite Reef
Dam 7%’

Woolsey Peak 15'

Dendora Valley 15

Biscuit Falt 7%

FELDSPAR (see MICA)

sec. 16
7N-3W

sec. 16
7N-3W

sec. 23
7N-3W

sec. 4 or §
25-3W

Red Picacho 7%'

Red Picacho 7%'

Red Picacho 7%’

Buckeye 7%’

Princess Ann,
Fay L

White Rock
Claims, Blue
Bird

Granite Reef
Mine, Macco,

Arizona Barite,

Christman

B&H Claim #6

Rawley Mine

Lake Pleasant
Mine

Morning
Star

Sunset

Hertz,
Weatherman

Varnum
Feldspar

T

Clinoptilolite and
mordenite in lapilli
and tuff (Tert.).

Past production, barite
veins, fluorspar in
volcanic conglomerate.

Barite-fluorspar veins
in basalt.

Past production for
drilling mud, barium
chemicals, barite veins
in faulted conglomerate.

Barite vein in biotite
schist (Pre-Cambrian).

Barite gangue, copper-
gold ores within andesite.

Past production, diato-
mite beds in Cenozoic
lake sediments inter-
bedded bentonite.

Past production, potash
feldspar pods, green
muscovite, quartz, lithjum
minerals in pegmatite.

Potash feldspar, quartz,
muscovite, in pegmatite
within amphibole schist.

Pegmatite with feldspar,
quartz.




Location

CORUNDUM
sec. 12
5S-5E

DIATOMITE
sec. 19,9S-18E
sec. 24,95-175

sec. 26
6S-16E

FELDSPAR
sec. 7,8
4S-2F

FLUORSPAR
sec. 26
85-16E

GYPSUM
sec. 25
5S-15E

sec. 2,11
5S-16E

sec. 23
6S-16E

sec. 26,27
6S-16E

sec. 26,35,36
6S-16E

sec. 13,14
7S-16E

PINAL COUNTY (Continued)

Quadrangle Map

Known Names

Description-Comments

Gila Butte SE 7%’

Clark Ranch 7%'

Saddle Mtn. 7%’

Enid 7%’

Mammoth 7%'

Winkelman 7%'

Christmas 7%'

Saddle Mtn. 7%'

Saddle Mtn. 7%'

Lookout Mtn. 7%’

Lookout Mtn. 7%

Sacaton Mtns.

White Cliffs
Mine

Feldman

Sierra

Estrella

Mammoth Mine,

St. Anthony

Winkelman

Ash Creek

Crystal Cove

Feldman,
Winkelman
Gypsum Pit

Arizona
Gypsum

Pinal Mammoth
Gypsum

-54-

Irreqular corundum masses
with rutile and quartz
in felsite dikes.

Past production for

-fillers and filter aids,

horizontal diatomite beds
beneath clay.

Active gypsum mine,
some diatomite inter-
bedded with gypsum beds.

Microcline, muscovite,
quartz in pegmatite.

Fluorspar-barite ganque,
lead-zinc-copper sulfides,
quartz monzonite host
rock.

Gypsum in andesite f]ows.
White massive gypsum beds.

Active quarry, massive
gypsum beds in lake
sediments (Cenozoic),
processed into plaster
board, agric. applications.

Active mine, gypsum beds
in lake sediments (Ceno-
zo0ic), for agricultural

use and cement retarder.

Active mine, gypsum
interbedded with silt.




PINAL COUNTY (Continued)

Location Quadrangle Map Known Names Description-Comments
SILICA-QUARTZ (Cont'd)
sec. 2,11 Klondyke 15' Copper Creek Quartz crystals.
8S-18E District
sec. 26 Mammoth 7%’ Tiger Mine Active mine, silica-
8S-16E Tailings copper flux.
sec. 33 Oracle 15' Gold Hill Mine Active mine, silica-
9S-15E copper flux.
sec. 25,26 proj. Silver Reef Orizaba Silica Active silica mine.
9S-4E Mtns. 15' Mine
sec. 30 Winkelman 7%' Babbitt Claims, Active quarry, silica
55-15E Winkelman flux.
Silica Mine
VERMICULITE
sec. 10 (?) Oracle 15' Irene Wash Vermiculite occurrence
10S-15E
ZEOLITE
sec. 25 Picacho Analcime in silty
75-8E Reservoir 73%' claystone (Tert.).
SANTA CRUZ COUNTY
ALUNITE
sec. 36 Nogales 15' Three R, Pinkish alunite, quart
225-15E Evening Star pyrite,chalcopyrite in
Prospect pegmatitic granite.
BARITE
approx. sec. 33 Lochiel 15! Barite veinlets.
225-16E
DIATOMITE
approx. sec. 35 Pyeatt Ranch 7%’ Lyle Creek Impure diatomite outcr:
215-18E
FLUORSPAR
approx. sec. 8 Ruby 15' Annie Laurie Purple fluorspar strinc
23S-11E Claims quartz, calcite, galenc
and sphalerite in grani
sec. 3 proj. Harshaw 7%' Alta Mine Reddish fluorite gangue
23S-16E _ quartz, silver-lead val

in quartz diorite cut b
rhyolite dike.

e




Location

CLAYS (Cont'd)

sec. 12
13N-6W

sec. 11
13N-5E

sec. 21 proj.

8N-6E
SE% 9N-2E
DIATOMITE

sec. 16
13N-5E

FELDSPAR (see MICA)
sec. 16 proj.

10N-1E

sec. 34
8N-3W

sec. 34
8N-3W

sec. 3
7N-3W

sec. 10
7N-3W

YAVAPAI COUNTY (Continued)

Quadrangle Map

Known Names

Description-Comments

Bismarck Mesa 7%'

Camp Verde 7%'

Chalk Mtn. 7%'

Squaw Creek Mesa
7%

Camp Verde 73%'

Crown King 7%'

Red Picacho 7%'

Red Picacho 7%'

Red Picacho 7%'

Red Picacho 7%’

Lyles Deposit

Larson Quarry

Chalk Mtn.

Verde River

Silver
Christmas
Mine

Friction Mine

Outpost
Extension_

Outpost Mine

Picacho Vien
Mine

-59-

Past production, 1it
magnesium bentonitic
clay used for reserv
sealer, lake beds (C
zoic) under basalt.

Past production bent:
clay associated with
gypsum, used for iro
pelletizing and cana
reservoir sealer.

Kaolin (?) reported.

Sepiolite reported,
magnesite.

Diatomite beds inter-
bedded with gypsum,
clay and calcium car-
bonate.

Orthoclase feldspar.

Perthite feldspar,
quartz in pegmatite.

Pegmatite bodies con-
taining perthite, alt
massive quartz.

Potash feldspar pods,
muscovite, bismutite,
quartz masses in peg-
matite.

Potash feldspar pods,
mica, quartz in peg-
matite.
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L ATOMITE IN ARTZONA

By Carl Trischka
Chief Geologist, P. D, C.
Coprer Queen Branch, Bisbee,irizona

Miscroscopically there is no difference betvcen the dirtomite of .rizone and

that of any other place, as it consists of siliceous tesis of diatoms, radiolarisa,
and other aquatic organisms, beautiful in shape and ~reat in variety. Those sneciriens
examined are mostly of the Iresii-water tvpe, but some, because of their location be-
tween sandstones and limestones, may be of marime oriin. | ore viork, however, will have
to be done on this phase of “he subiect beforc conclusions can be reached. Chemicallv
also, the Arizona diatomite is similar to that of tie bert found clsev.eve, It con-
teins, S5i0p, 85.75 per cent; Alzos, 3.50; ¥e,03, 1.50; Ca0,2.0 and H~0,5.0, Phrsicall

it is a white to cream-colored; dull in luster, ligint in wei~ht, and finelw ~ranvlar
porous aggregate. It will absorb 1.5 to s tines its weight in water and wei-hs “fMen
dry 18 to 20 1lbs per cublic foot,

Leddo, in "Non-ietallic hiinerals," eives an cxcellent descrintion of diatonite,

In Arizona 1t is found inbedded deposits in the Pleistocene or Piliocene (late
Tertiary) along the banks of the San Tedro and ulla River system. The accompanv nsz
map sives the four localities, which will %e described, Ot .er demnsi*s nrobabl:r
exist, but no information resardins them has been obtainable, The conditions set Iort

in the foregoing descrivtion, and the fact th-t fossils of mamroth end other pre-

historic animals have been found nlong the banke of these rivers, warrant tre conciv-
sion that marshes, lakes and possibly inland seas once existed in this now almoat arid
part of Arizona, Curtis Flat is a noteble locality for fossils of t-e ileisto-~cne,

The followin~ drscriotion suguest that “rizona has valuable devosits of din.n . 1
although probably only one is economieally acesssible at present, and that al. of - e
are in a common river system,

l.Mammoth, Pinal County--This devosit is 8 miles southecct of ammoth and 20
miles from the nearest railroad at #inkelman, Gila County, The thickness of ¢ + ‘-nos
ranges from 40 to 70 ft. and it hes alternste 20 to 40 ft. lavers of -ood ~raie 1ict

mite and worthless sandv material., Thin, green, cherty bands are of on founid, It
covers 10 to 20 squares 1iles and is undoubtedly a rood denosit, afortuncielw ¢+ is

too far from the railroad, Thin chert-like layvers are intercala*ed. ‘lie ca ping &n
intermediate layer are coaiposed of sandstones,
At Clark 5chool, on the edge of the nroverty, an artesian well 'r * Ipille. g

to depth of 700 to 800 rt, In it diatomite was encountered off a-.d on, "Mt no loy:

available. In this deposit, of which a section is s owm there “vo also i tvo
layers of volcaniec ash 8 and 14 in, thick, respectively, indicatinr t ~t volcanic - -
vity occurred during deposition. The ash probebly furnished some of “lie sil ~ fo-
the organisms. It is an excellent wolishing nmaterial as it is cmmwosci of . o))

broken bubbles of volcanic rlass., Three large washes cut this ‘eposit api ‘ave in
manner prepared it for mining, ‘Yhe f:ces that resulted “ron erosion are steen and
extend in most places to the bottom of the deposit,





