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HAT CREEK BENTONITE

Our company has registered claims on a large bentonite deposit in British Columbia, Canada.

It is located in Hat Creek roughly 200 km northeast of Vancouver, close to road and rail

transportation to the coast. The site is at elevation roughly 1000 m, and the area is semi-desert.

Over 4000 m of cored drillholes have established a minimum of 30 million tonnes of mineable
clay. A large trial excavation is open for inspection. Very little overburden needs to be

excavated, so that the clay can be mined by conventional open pit, truck and shovel operations,
although we are also investigating mining by hydraulic monitoring. Kiln drying facilities are

available in a nearby lime plant.

Mineralogical testing is currently being carried out for us by the University of Western Ontario.

The clay has been characterized as near pure smectite, the major cations being sodium,

magnesium and calcium approximately 20,18,35 meq/100 g respectively, and a total CEe in the

range of 60 to 80. Recent work has shown that the clay can be soda activated very easily.

The clay should therefore find use either in the absorbent markets, or as an active clay in the

drilling, foundry, pelletizing and civil engineering fields. Pacific Rim markets are attractive, but

in addition our enquiries have indicated that cheap bulk shipments can be made out of Vancouver

to the eastern U.S. and Europe via the Panama Canal.

We have prepared a business plan, and geology/mineralogy reports. We are seeking joint

venture partners with a view to developing the prospect into a mine. If you are further interested,

please contact Nigel Skermer, P.Eng., preferably by FAX 604-687-5532.
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.,S.5. LIr,~ESTON:- - (Cant I d)

feed, dust' abatement in eoa"1 mines, sulphite pulp marlufac'ture,

hypochlorite bleach manufacture and water treatmeGt.

ANALYSES OF l.If'lESTONE FRDr,1 HaUTH r·1EP.OOln'S

Site !.!gO (~~) CaOO~) Fe2.Q3(%) SiD I (I T (C;') * CaCO~

-2 ~;..::....:!-\::'~...- equiv:'(%)

He·· 3 1.92 52.50 0.08 3.25 42.28 93.71

HC-S 1.40 53.60 0.08 2.15 4?b8 95.58

HC-7 1.65 53.90 0.06 0.45 43.9D 96.21.

HC-13 1.38 54.40 0.05 0.35 43.25 97.10
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!.' .Potent i a-I reserves of 1i mestone in the vi ci ni ty of· thE'

Hat Creek Valley are very large. Limestone is currently being

mined by Steel Brothers Canada Limited -in Narb1e Canyon. L-irne is

produced at the pl ant 'rib; ch has· a rated capacity of 320 toniles

(350 short tons) per day.51 The lime is USt~d principally as a

fluxing agent by nearby mine mills and pulp mills. Present demand

by the ·pulp, paper and copper industries is 10'.1/, therefore the

plant is not opetat i ng at peak capacity.

(c) Present Sit~~Jo~

5.6 CLAYSTONE DEPOSITS

(a) Introduction

llnlithified cl<.1ystone C1nd silt:.;toilc cc.-:prise an ";lpreci-

able thickness of the ~1edicine Crr~ek and Hat Creek Coal formations

5 - 12



( MEMO TO: M. A. FAVELL

FROM: P. T. McCULLOUGH

inter-office memo @
14 February 1978

File: 1301.2
213.1

(

SUBJECT: Progress Into the Uses of Coal By-Products From Hat Creek

Five studies are examining the uses of coal by-products
from Hat Creek:

1. Kaolin - being conducted by Drs. A. C. D. Chaklader and
I. H. Warren. A bulk sample from trench B (360 kg) has
been homogenized and sampled. Initial indications are
that this is an exceptionally good clay with a high kaolin
content and as a result a high vitrification temperature.
Therefore it could produce excellent refractory material.
Samples have been sent to Clayburn Industries to undergo
tests which U.B.C. cannot do. Additional samples of
w&shery rejects have been requested by Dr. Chaklader in
order to determine if this material contains clay of
similar quality. Completion of the tests is expected on
31 August 1978.

2. Alumina extraction - being conducted by Dr. A. Winer of
the Industrial Minerals Laboratory, Ottawa. A bulk sample
of laboratory rejects is being sent from Commercial
Testing Ltd. The sample is from DDH 76-i9l and is con­
sidered to be, representative of the kaolinitic clays.
The extraction of alumina from the clay will be examined
and compared with extraction of alumina from ash produced
in a fluidized bed system being constructed at EMR. In
addition Dr. Winer has received two samples of bentonitic
clay, one from DDH 76-126 and the other from trench A.
Be will examine the cation exchange capacity of the clay
and its potential as a source of bentonite. The completion
date 1s unknown.

3~ Bentonite - being conducted by
...........is interested in bentonite throug
~ currently examining data collected from B. C. Hydro
in order to devise a sampling program to examine the ben­
tonitic clays from Hat Creek. The completion date is

"uncertain, but it is expected to finish by 30 June 1978.

4. Baked clay - being conducted by Clayburn Industries Ltd.
Four channel samples were collected from trench A at Hat
Creek. Initial indications are that the material is a good
substitute for artificially calcined clay. Results are
expected within the next week.

• •• 2
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5.6 CLAYSTONE DEPOS1T~ - (Cont'd) -

in the Upper Hat Cree( Valley.' These formations underli0 approxi­

mate1y 109 km
2

( 42 sq mi) 0 f the va 11 ey . La r'9e qua nt -j t. i e5 0 f

t_oese materials w~uld be excavated frof:i, a coal minc_ at Hat
Creek.

The method of study; ng the effect of the proposed Hat
Creek Project on the utilization of these claystone resources has

been to define the distribution of these rocks based on existino
'"

dri 11 cores and dri 11 logs and to quanti teti ve ly determ1 r~ie the i r

mi nera logy. I n the next phase of studi es it wi 11 be necessary to

determine other properties and market factors which could influence
their use.

The procedure for quantitative determination of the

mineralogy of the claystones involved X-ray diffraction scans and

; nte9rat ion 0 f phetoncount s aver the d"j f f ractomet ric pea ks . To

obtai n these peaks the raw samp 1es were fi rst pul ver"; zed and

homogenized. An X-ray diffraction scan was made between 3 degrees

and 95 degrees of 2-theta for all samples. Some glycolated samples

were analyzed to differentiate between illite and montmorillonite

(bentoni te). Attempts were made to i dent i fy a 11 of the peaks or.

the diffractogram. Standard calibration curves were ma1je using

synthetic mixtures containing known quantities of minerals identi­

fied in the clay samples. An internal standard of 10 percent by

wei ght of magnes i a was used for all samp1es. The photon counts

over one peak of each of the minerals was normalized and integrated

\>lith respect to the integrated peak density of magnesia. The

areas under the curves are proport"ional to the qua-fit; ty of that

mi nera1 ; n the rock; therefore the amount of each mi nera 1 in the

1 • 13 14 15 TL. • t . f'clay sample cau d be determlned. ), lie estlma ... lon 0 r.nn-

erals by this technique is cO,nsidered accurate_ within ±3 percent
for' fe"' dspar, quartz and kao"1 i n-j te and wi th; n ±S percent for
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Once the types and di stY"j but i on of the mi nera 15 have

been examined it is planned to invest-jgate any p{l.1~ential1y market-

able clay minerals. The investigation of kaolinfte extraction is. ,
to be undectaken by Dr. A.C.D. Chaklader and Or. I.H. Harren of

the University of Brit'ish Columbia. The properties of the kao­
linite and their relationship to the follo\¥ing uses will be

investigated:

In addition to these quantitative analyses, X-ray dif­

fraction studies Here conducted by Dr. R.f'L Quigley of the

University of Western Ontario27 , and Dr. P.A. Hill of Carleton

U · . 30 1 b f 1 1"nl verSl ty on a arge num cr a samp es. ne purpose of these

latter studies was to deter'mine the cause of certain geotechnical

propert i es of the rocks; however i nforrnat i on on the clay as a

potential resource was collected simultaneously.

bentonite. The following minerals were also che:ked if they were

found: pyrophyllite, serpentine, halloysite, dolomite, calcite,

siderite, ankerite, goyazite, apatite, gypsum, R2gnetite) pyrite,

gal ena , S phD. 1er i t e , t et. r ahedy' -j t e , chal copyr'j t e, t1ya lophane and

epidote.

CLAYSTONE DEPOSITS - (Cont1d)'·5.6
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2. Production of alum-jno-silicate catalysts for the petroleum

industry.

1. Production of mullite and alumina for making high te~perature

refractory brick or as a feedstock to an alu:-Tdnum srn2lter.

:: Ii,,:
"

; I',',';
I'

I
!'

3. Production of tricalcium aluminate for cement.

4.
c1 aystones.

5 - 14



The results of these studies are expected in September 1978.

Another study ; s to be conducted in Ottawa by

Dr. A. v!i ney' of the Canada C~?ntrE: for t·ii ner2.1 Clnd EncrQY Tech­
nology. The study will determine the properties of the kaolinitic
claystone for use ina1wi'li na product -ion and the propert i es of the

henton it i c ("j ays tone and -j ts potent:i a1 uses. The former study

wi 11 i flVO 1ve a determi nat i 011 of the amount of a1urn1 na that can be

extracted; t.he methods a.re described in the env; ronsenttil report

on IISolid Haste Disposal Coal Storage Land RecL:~:;;ationll. The

1atter study wi 11 exami ne the cat; on exchange cap::~city and the

nature of the exchangeable cation in the bentonite. The determina­

tion involves an ammonium acetate cation extraction, filtration)

ammonia distillation into sulphuric acid, and back titration with

sodium hydroxide to determine the amount of th2 ammonium radical

(NH4+) that has replaced the exchangeable c2tion. The sodium and

cal c i uIII conce r; t rat ionsin the f i 1t rateare de t ~ r ild ned by at0 mi c

abso-rption. Considerable care must be taken in sampling to avoid

contaminat.ion by sodi~m bentonite fr'om the drilling nud. 1hese

studies will also examine the ash from fluidized ted combustion

tests to determine if these by-products could be used as a source
of alumina.

In addition, several aluminum companies were approached

as a result of the Preliminary Environm2nta.l Study on H~t Creek. 21

The Pre" i mi nary Envi ronmenta1 Study noted th3t a1urn; n~i7l cor.-:pani es

may he interested in clay (and/or fly ash) as a source of alumina.

Some analyses of alumina were completed by the Aluminum Company of
PIl11erica Inc. (!\1co ,2)

47 and .t\1can I nt ern 2. t ion c:: 1 (1975) Ltd.

(Alcan).48 A total of 15 169 m (49 754 ft) of ash from Hat Creek

dri 11 core has been analyzed for a1umi na as part of the standar-d

5 - 15
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Clay resources in the worid are very large. HO';/2'1er

most countries) although they may have adequate supplies of some

clay types, generally'clo not have the sp8cialty clays. 'n'le Un'ited

States is an exception in that it has large reserves of all types
of clay. Canadian imports of clay are listed in T2ble 5-Sa.

C • or. hl ~ , "..f'l 4 ••Although anada 1S the fourt. argesL. rn'O(lu(rr 01 cay, pr-lnCl-

pally common clay and fire clay, this production ;s concentrated
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Clay for industrial lJSe is divided into several di ffer'ent ;~:;

types based on mineralogy and properties which relate to its ii
potential end use. 4 China clay (kaol-in) is white, consists pri- !i

~ l
marily of kaolinite and has a high fusion temperature. Ball clay I!'
is plastic t white-firing and consists of kaolinite, sericite and ·1.1:1~

some organic matter. F-jre clay is plastic or rock-like and con- :U
sists 'of kaolinite "lith some diaspore t bauxite clay) shale, ball 'f!

• t
clay, burley and burley flint. Bentonite consists prii:l2rily of '.'!.'
montrnori 11 onite; the clay is di vi ded into the swe11 i ng or s odi um- JI
type and th2 nonswe 11 i ng or cal ci urn-type; the former wi 11 s't1'211 as tI
much as 15 or 20 times its dry volume. Fuller's earth is a non- H

i"
p1asticc1ay-l i ke materi a1 \'/i th adequate deco1ouri zing and puri - J

fying properties; the material is composed of attapulgite· o-r---- - . ill
montmorillonite with or without opaline silica. Comllon clay is a ::Ii
p1as tic c12Y ore1ay- 1i ke materia1 wh i ch can b.e read i 1Y m0 U1ded Hi
and which vitrifies below 11000 C; it usually consists of kaolinite)

illite, chlorite and montmorillonite. Common clay is usually

higher in alkalies and ferruginous minerals and lower in aluminum

than the kaolins) ball clays and fire clays.

Current uses of Cla~

mineral analysis. The total aluminum in the ash) expressed as

aluminum oxide (A1203), has be8n summarized by coal zone in histo­

grams.

(b)

. 5.6 CLAYSTONE DEPOSITS - (Cont'd)
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~5. 6, Cl.AYSTQNE DEPOSITS - (Cont I d)

in the east; there are only a few small plants in western Canada.

Few known deposits of fire clay or ball clay are being utilized.

In 1975 Canada imported 257 000 tonnes (283, 000 short tons) of

bentonite and more than 148 000 tonnes (J.CA,OOO short tons) of

kaolin. 64

The degree of processing of the natural clay d2~end5 on

its quality and the vdlue of the clay for a particular end use.

Principal processing methods range from simple crushing of common

clay or shale 'for most structural clay products and refractory

cement to a combinat.-ion of several techniques for $pe:ializE~d

kaolin clays including crushing, blunging, sedimentat-iofl) water

fractionation) ultraflotation, acid treatment, calcination, air

floating, attrition grinding and delaminating.

Because of the scarcity of specific types of materials,

principally china clay, refractory fire clay and bentonite, these

materials can be mined, processed and transported a considerable

distance. Mining costs for clays range from $1.00 to over $10.00

per tonne ... Process i ng costs can range from a fe '.., cents per tonne

for common clays to over S100.00 per tonne for specie1 paper

coating apd high quality clays.

The amount of clay consumed particularly for ce~2nt and

for brick manufacture is very large. A summary of delTlanj in the

Uni ted 'States by cl ay type and a forecast of c1 ay der:1and in the

year' 2000 are listed in Table 5-5b. 4 The demand is increesing at

an average rate of approximately 4 percent per year.

The uses of clays are dictated mainly by local Q3rkets;

however there are a few exceptions. The types of clay used depends
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5.5 cL~ri.1QNE DEPo.SITS - (Cant I d)

on the avai12bility, cost and properties of the clay. Approxi­

mate ly 40 percent a f the clay cons ~lfned in the Uni ted States in

1975 was cor::rnon clay and shale for use in building bricks, drain

tile, v'jtrified sewer- pipe and a number of other construction

mater; a1s. Twenty per'cent of the clay 'vIas u~ed in the manufacture

of Portland cement; this was primarily common clay and shale.

. T?BLE 5-Sa

CANADIAN H·1PORTS IN 1975 BY TYPE OF CLAY
(in thousands)

I

I;

f.

"
.1 I

Kaolin
Fire Clay
Benton-; te and Dri 11 i ng r·1ud
Activated Clay (Fullerls Earth)
Other Clays

Tonnes

148
43

257
44

137

Shot"t Tons

164
48

283
48

151

TABLE 5'-5b

U.S. DEMAND IN 1973 AND DEMAND
FORECAST FOR THE YEAR 2000 BY TYPE OF CLAY

(in thousands)

Type 1973 2000*

Short Short
Tonnes Tons Tonnes Tons

Kaolin· 4 803 5,295 20 000 22,000
Ball Clay 604 666 3 000 3,000
Fire Clay 3 513 3,872 15 000 16,000
Bentonite 2 288 2,522 6 000 7)000
Fuller's Eerth 980 1,080 5 000 5,000
Common Clay 44 756 :l9, 33.~ 116 000 .~§.JOOO

Total 56 944 62,770 16"5 000 181,000

----------
* Numbers are rounded to the nearest thousand.

5 - 18

. 'I.:::;:1
::f

i k
l
:

I II'

: 1;1

i. 'I.,

.. ~ ~,~.: I
I'

ij
~
I

!

,I
III
ill



Approximately 15 percent of the clay was used in making 1·;f]ht.It/2ight

concrete floors and walls because clay provides better insulation

than sand and grave 1 a~19reg2 te; these clays ",!ere predom-j nant1y

common clay or- shale. AppT'oximately 10 percent of the clays' was

fireel Cly for use i nrc f rae tor -r p~. • K<.: 0 1i n for paper fill erand

coater fi-Iler in cosmetics) fine china) refractories, plastics,

etc. ~ccounted for approximately 4 percent of U.S. consur.;ption.

About 10 to 11 percent of the clay consisted of bentonite, common

clay, ball clay, kaolin and Fuller's earth for miscellaneous

special USE;'$ such as drilling mud) -iron ore pelletizing} pottery

and cerarn'j c wa re, and as a deeD1our-j zer or pur-j -ri er.

(c) Inventor"______2.

Stud; es were conducted on roc k sai;lp1es fro~i\ the Hat

Creek Valley to determ"ine the types of clay and their distribution

in the No. 1. deposit. This infor'ination is essential in order to

exanJine the poten"cial use of th9 claystone. The claystone in the

hanging wall and ill the upper half of the coal measures contains

appreciable bentonite. The lower half of the coal measures

contains predominantly kaolinite both as inherent mineral matter

in the coal and as partings as much as 9.4 m (31 ft) or mor~

thick.

W-ithin the lacustrine beds above the coal, bentonite

predominates over kaolinite with the sampling distribution skewed

toward the less-bentonite end (Figure 5-5). The samples from the

A coal zone are generally lower in bentonite, but the distribution

is skewed toward the more-benton-ite end. Samples fro;;( the B) C

and 0 coal zones have low bentonite; most exceptions are associated

with the "shale out ll on t.he ..lest side of the deposit. The distri­

bution of clay minera.ls fj"'orn belo';! thE.\ coal (foot \'iall) is -irregu­

lar, but the samples are generally low in bentonite.
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5.6 CL~YSTQiJE DEPC~)T~ - (Cant I d)

Figures 5-6 through 5-9 illustrate the variation of the
dominant minerals in the coal measures and adjacent rocks. These

histograms were constructed for c.:t~ar-tz) kaolinitco) bentonite and

feldspar from the hanging wall) foot wall and coal 'zones A) B) C
and D. Within the coal zones most of the samples are from carbona­

ceous or coaly intervals because totally noncarbonaceous intervals

are rare. The quartz content increases from the hanging wall

through B zone; C and 0 zones and the foot wall have wide distribu­

tions in quartz content (Figures S-6a through 5-6f). The concen­

tration of kaolinite is related inve~sely to the concentration of

bentonite (F'igures 5-7 and 5-8). The kaolin-ite content is low in

the 'hang i ng wa 11 and increases through A, Band 0 zones. C zone

has a wide distribution with numerous samples low in kaolinite; 2S

described above, ,these are related to the "shale out"on the west

side of the No. 1 deposit. The samples from the foot wall seldom

contain appreciable bentonite; the distribution of kaolinite is

scattered. The feldspar content is co~monly low with sa8ples from

C zone havi ng the most vari at ion (Fi gure 5-9). The S28p1es com­

monly have only trace amounts) if any, of epidote, siderite,

calcite, ankerite and pyrite; in a few samples these constitute

maj or mi nera1 phases of the rock.

The remainder of the Upper Hat Creek Valley, outside of

the No. 1 deposit, contains appreciable claystone with a mineralog­

ical distribution which is probably similar to that in the No.1

deposit~

Investigations to begin early in 1978 are expected to

indicate if kaolinite can be extracted and to determine the

properties of this kaolinite. In addition it is planned to examine

the nature of the e><changcable cat.ion in the bentonite. These

programs will determine possible uses for the kaolinitic and the

bentonitic claystones.
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The Preliminary Environrner.tD-1 Impact Study for the

proposed Hat Creek deve 1oprnent noted that a1urni num compan; es may

be interested in clay (and/or fly ash) from Hat Creek as a source

of alwilina. Before the distribution of the types of clay in the

depos i t vias apprec"j ated, samp1es were exam; ned by the A1urn; num

Company of America (Alcoa)48 ~nd Alcan International (1975) Ltd.
4-/

(J-\lcan). The results of these analyses are sUrilmarized in

Tab1e 5-6. The ana lyses ; ndi cat.e very 10\'1 alurni na in the hang'i ng

wa 11 claystone 'v/hereas samp1es froi:1 the eoa 1 zones conta in more

alumina. Of the fl,1203 in sample 74-37A:1160-1290) the alumina

extractable by an acid leach is approximately 80 percent of the

total. A summary of the distribution of A1203 among each of the

four coal zones is illustrated in Figure 5-10. The concentrations

of A1203 in the ash have a broad range; however they are generally

bet\>/een 25 and 30 percent. The a1urn ina is enri ched in the more

kaolinitic intervals of the claystone and siltstone s"ections and

depleted on the west side of the No.1 deposit and in the sandstone
- • - __ - .w. __ •

horizons. A plot of the kaolinite-bentonite ratio versus parting

thickness is illustrated in Figure 5-11. The purpose of this plot

was to determine if selective mining would be possible in some of

the areas containing appreciable k~olinite. Of the 24 samples of

kaolinitic claystone that were examined) thirteen are from partings

greater than 1.5 m (5 ft) thi ck and seven of these are over 6 m

(20 ft) thick. 8ased on this prel"iminary information some selec-

tive mining could be practical; studies into t~~ n~\€' ljtft~

clays are continuing. mSCUSS'Oh dl\:'.f 1

A more detai"led exam-ination of the feasibil"ity of

ext r'act i ngal umina from mine and pl~nt\',as t cs ( c1ays tone and fly

ash) is included in the section of the Hat Creek Detailed Environ­

mental Studye ntit1(~d II 5D1i d ~IcJ :1 t c' 0i SP0 sal Coa1St0 rage Land

Reclamation".
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5.6 CLAYS.I9NE DEPOSIT~ .. (Cont I d)

(d) Present Situation

Claystone and siltstone deposits underlie much of the

Upper Hat Creek Valley. In addition th0Y are interbedjed with the
coal sequence, particularly in A and C zones.

TABLE 5-6

ANALYSES FOR ALUMINA IN CLAY SAMPLES FROM
THE UPPER HAT CREEK VALLEY

Hole No.:lnterval (i n feet). Zone AJ_2Q3-- (~s2.J.n 0r:)' A~~

74-37A: 270 430 H_~l.* 16.79
74-26: 830 - 1020 H.VJ. 16.84
74-37A: 1160 - 1290 A 20.59
74··46 : 562 - 582 C 29.5
74-46: 670 - 690 C 24.8
74-46: 774 - 802 C 25.8
74-46: 831 ~ 851 C 28.7
74-46: 956 - 986 C 26.1
74-46: 986 - 1026 0 30.4
74-46: 1106 - 1146 D 28.8
74-46: 1528 - 1540.5

- - --- - -
0 26.8

74-106: 1490 - 1835 D 29.3

* H.W. is an abbreviation for the hanging wall lacustrine
sedimentary rocks overlying the coal sequence.

No clay has been mined previously in the Upper Hat Creek

Valley. The demand for clay depends on marketability based on

mining, processing and transportation costs as well as the accept­

abi 1 i ty of the product. The Hat Creek area is i so1ated from the

Lower Nai nl and where most of the demand for' c1 ay products is

centered. The cost of exclusively miQ.ing _the more kaoliniti.c----_ -.... .. '.

cl ay? Jio_l:IIc!._1~.~~,1..~.e_ ..con,s] d~ra,b 1~ str.i ppi ~g plus. the .separat i on of.

eoa1 and benton; t; c beds. The cost coul d not be just i f5 ed..under _,
• _._.. _ .' •••• ~ •• _ .• _.__••...• __ ...._~_...... : _ ••.•..• _ ...... ,'''''_' ...__--- ...-- - - - ·- ....1· .... · ...._0. . • ._ . ..
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CLArSTONE Q~POSITS - (Cont'd)

Pte.~ent:. conditiol}s. wh~r.e neither t.he coal nor the bentonitic .beds

c~uld ~e sold and where the total cost of mining and transportation

must be~~rne by the kaol ini.tic clay.

(c) Present Situation

In the summer of 1977 a trench was excavated to extract

coal for a test burn at the Batt.le R-iver PO\'/erplant of Alberta

Power Company. During excavation of this trench roads were con­

structed from the baked claystone. The material was fOUild to be

useful for that purpose; the ba.kpd claystone road materi a1 rema i ned

re1at i ve 1y dry and the road surface Has not s1i ppery even after

he.avy rains. Similar ba~~~_~.l.a.~_~~on~s are used elsewher'e in place
of aggregate for gravel roads.

..4 ".,/:"
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