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INTRODUCTION

The Tulameen Coalfield I S one of a'number of remnant Tertiary
structural basins located i n south central British Col unbia. It lies
just east of the Cascade Mount ai ns approxi mately 50 km north of the
United States-Canadian International Boundary. The location of the
Tulameen and other coal fields in British Colunbia is shown in Figure 1.

Coal along the sout hwestern portion of the basin was m ned from
1919 to 1940 using underground nethods and in 1954 using open cast
methods. Al though 2,364,561 tons of coal were extracted (Dolmage
Canpbel | & Assoc. Ltd, 1975), potential coal resources are still con-
si derabl e. Currently an extensive study on the economc feasibility
of strip mning themain coal seam along the southwest peri phery is in
progress.  Mst of the analytical work to date on the coal has been
related to economic use. With the exception of Donaldson (1973} little
petrographi c work has been done on the coal.

The purpose of the present study is to examine the coal petrol ogy
of the main seam al ong the southwest linb of the Tul ameen basin.  The
stratigraphy, petrographic conposition and rank of the coal are
exanmned in order to provide a basis for interpreting the coalification
history andthe environmental conditions that prevailed during coal

formation.
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PREVIQUS WORK

The general geology and mineral deposits of the Tul ameen area
ina series of Canadi an

were first described by Charles Camsell (1913)
government publications from 1906 to 1913. He correlated the coal-

bearing sedi ments of the Tulameen basin with sim|ar Tertiary coal-
H.M.A. Rice

bearing strata in the Princeton andHatCreek Coal fields.

(1947) published an extensive WOr K which includes a geol ogi ¢ map on the
the Princeton map area.

geol ogy and mineral deposits of
WS. shaw (1952) wote the first conprehensive report on the
a geologic map of the

This publication includes
on

Tul'ameen  Coal fiel d.
Tulameen basin as well as a series of stratigraphic colums based
core data from the northern linb of the syncline.

drill
of the Blakeburn open pit mine was examined

The coal petrography

by 3. Roger Donal dson (1973).

mcrolithotype and maceral analysis of a 5% foot (1.7 meter) colum
sanple as well as sone rank determ nations basedon vitrinite reflec-
In the 1975 publication, Coal Resources of British Col unbia,

tance.
& Associates, Ltd. (1975) describe the coal

Dol mage Canpbel |
and mining hi story of the Tulaneen basin. File datafrom some of the

Donal dson's work includes a detailed

deposits

mning conmpani es who have worked inthe area is included.

A paper on the Tulameen coal basin by Steve H. Evans (1977) was
published in the British Columbia Mnistry of Mnes and Petrol eum
on 1977 geologic fieldwork in British Colunbia. Evans’

Resources report
the exi stence of a number of

revised fi el d map of the basin reveal s

previ ously unmapped faults.
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and detailed geologic work to date on the

The nost extensive
found In the 1978 Tul ameen Coal

southem |inb of the coalfield is
project Report by Tom Adamsen of the Cyprus Anvil Mning Corporation.

Detailed data Contained in his report are included in this thesis.
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GEOLOG CAL  SETTING

The Tulameen basin rests unconformably on the Upper Tri assi c
Nicola Group. N cola rocks cover a wide area and are composed of vari -
colored lava, argillite, tuff,|inmestone and chlorite/sericite schist.
During the Jurassic and Cretaceous, the Ncola was intruded by a series
of intrusions ranging in conposition from gabbro to granite (Rice,
1947; Adamson, 1978).

Unconformably overlying the Upper Triassic volcanics and Cre-
taceous granitic intrusives is the Princeton Goup (Figure 2). The two
main outcrop areas are in the Tulameen and Princeton basins. The
Princeton Goup is early Tertiary (Eocene) and consists of an unnamed
basal vol cani ¢ unit unconformably overlain by a thick sequence of
clastic sedimentary rocks {AllenbyFormation) which inturnare uncon-
formably overlain by anunnamed upper vol cani ¢ unit (Eocene-Oligocene?).
The basal vol cani cs consistof a thick section of MASSi ve and banded
andesitic and basaltic lavas. The over|ying Allenby sediments grade
upwar ds from coarse-grai ned congl onerates to fine-grained shales. The
congl omerates have an abundance of granitic cobbles.  Feldspar and
vol cani clastic fragments are characteristic constituents in the sand-
stone.  The shal es contain mostly cl ay with some quartz and fel dspar
(Rice, 1947). Coal horizons (sone of mineable thickness) andbentonite
beds are found interbedded wnthe sedinents. The coal-bearing strata
I n the Tulameen basin has the same stratigraphic relations as in the
Princeton basin andis most likely correlative with the Allenby For ma-
tion in thePrinceton basin and, therefore, is here extended into the

Tulameen basin.

q‘ Vi
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The coal - beari ng Allenby Formation forms a sequence more then 800
IS 100-150 meters

The basal part
sandstone interbedded

meters thick in the Tulameen basin.
to fine-grained

thick and consists of a coarse-
with siltstone, shale and tephra.  Several thin andesitic flows are
the base. The succeeding 130 neter

sandstone | nt erbedded with

interbedded with the sediments at
thick section contains shale and m nor
is intercalated wth nunmerous shale

The coal

hori zons.
The upper part of the Allenby Formation is

several coal

and bentonite parti ngs.
over 600 neters thick and is conposed of predomnantly coarse sand-
Tuffaceous material is freely dispersed

stone and congl oner at e.
throughout the sedinents (Shaw, 1952).

In the southeastern portion of the basin,
Princeton Goup volcanics and rests unconformably

The upper volcanic unit of the Princeton
and, instead, flat-lying

the Allenby Formation

) overlaps the basal
on top of the Nicola Goup.
from the Tulameen basin

Goup is absent
M ocene- Pl i ocene aged vol canics (flood basalts) unconformably cap the
deposits up to 13 neters

sediments.  Recent unconsol i dated gl aci al
thick mantle nuch of the area (Rice, 1947, Shaw, 1952).
of remant

In south central British Colunbia a nunber
sedinmentary rocks of

Tertiary

basins are characterized by thick sequences of
freshwater origin (Rice, 1947, Cockfield, 1948). The sedinments,

nmostly Eocene, are fluvial and |acustrine andare commonly intercalated
thicknesses.

and/ or carbonaceous shale layers of varying

with coal

Sediment deposition in the Princeton basin was controlled by block
faulting.  Paleocurrent data from the sediments indicate a southerly
flowi ng drainage system (Ckulitch, et. al., 1977). Major coal deposits

i‘u:'w-



9
are located in the Tulameen and Princeton Coalfields as well as the
Hat Creek and Merritt Coal fields (Figure3). In the Merritt and Hat
Creek Coal fields the coal-bearing sedinents are assigned to the Cold-
wat er Formation which consists mainly of conglonmerate, sandstone and
shale. AtHat Creek the Col dwater |ies betweentwo Tertiary volcanic
units and at Merritt the Coldwater is part of the Kanloops Group.
Though di scontinuous, the coal -bearing sediments fromthe four coal-
fields probably are related, however, no direct correlation between
them has been established. Shaw (1952) suggested that a careful recon-
struction of Tertiary drainage patterns in the area would help deter-
mne whether or not they are correlative.

The Tul ameen Coalfield lies in an oval northwest-southeast
trending structural basin 5 kmlong and 3km wide. Figure 4 shows a
geol ogi ¢ map of the Tulameen basin. The basin is an asymetric fold,
with beds on the nort heast ern side di ppi ng from 40’ to 65’ to the
southwest and beds on the southwestern si de di ppi ng from 25 to49 to
the northeast. The fol d axis plunges towards the southeast. Shaw
(1952) reported two | arge fault zones and nunerous snaller onesin the
southern part of the basin and Evans (1977) mapped two probable faults
which paral l el the trend and runthelength of the fold. Fol di ng took
place in the interval of time represented between te top of the
Princeton Goup and the base of the M ocene-Pliocene "flood" basalts.

Al t hough coal crops out on both sides of the syncline, correla-
tion between seams has not been established {Shaw, 1952). Drilling
exploration by mning conpanies along the northeastern |inb disclosed

a number of irregularly spaced, Steeply dipping coal seans characterized
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Figure 3. Surficial expression of major coal-bearing formations in
the Tulameen, Princeton, Merritt and Hat Creek Coalfields
(modified from Dept. of Mines & Petroleum Resources,
British Columbia, 1976).
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On the other side of the basin,

by hi ghly crushed coal.
dips and iS considerably nore coherent.

shal | ower
m nes followed the main coal seam down dip f or over

along strike for 2300 meters.

Three

the coal has

underground

300 meters and
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METHODS OF INVESTIGATION

Field investigations were carried out along the southwestern
limb of the Tulameen basin during the summer of 1977. The field area
encompasses that portion of the coalfield which may be economically
feasible to mine. The coal was followed along strike from the Blake-
burn open pit in the south of the basin to the extreme northern edge
of the basin. Figure 5 shows the configuration of the field area and
the location of section and sample sites.

There are a total of 19 sites: the Blakeburn open pit, 6
trenches spaced approximately 300 meters apart and 12 diamond drill
holes. The Blakeburn open pit (OP-1) represents the extreme southern
border of the field area. The dip of the beds is 25 to 30’ to the
east. The bottom of the coal zone iS not exposed. The trenches (TR 1
through TR 6) are located in the center of the field area where-dips
range from 28 to 45” . In each trench the entire thickness of the
main coal seam, which shows varying degrees of weathering, is exposed.
The 12 diamond dril holes were drilled under the direction of the
Cyprus Anvil Mining Corporation and are numbered T-77-l through T-77-12.
T-77-1 through T-77-5 were drilled perpendicular to the dip and T-77-6
through T-77-12 were drilled vertically. T-77-10 represents the ex-
treme northern edge of the field area.

Detailed stratigraphic sections of the main coal seam in QP-1
and TR 1 through TR 6 were measured and described (Appendix). Detailed
lithologic logs of all of the drill holes were provided by Cyprus

Anvil. Over 200 samples of coal and non-coaly interbeds were collected
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from OP-1, TR 1 through TR é and T-77-8 through T-77-12. Sampling

intervals varied between sites. For the | ocati on of each sample see
the Appendi x.

The organic conposition of the coal was examined i n reflected
light.under oil inmersion. Twenty-three maceral  analyses were made.
The percentage of vitrinite, exinite andinertinite was measured by
counting 1000 points per sanple.

In order to help determne the inorganic mneral conposition of
the coal , 7 sanples ground to pass a 60 mesh screen were oxidized at
low tenperature {<150°C) in an electronically excited oxygen plasma
chanber. One sample was ashedat the Coal Division of the British
Colunbia Mnistry of Mines and Petroleum Resources and the others by
the Coal Division of thelllinois State Geological Survey. The ashed
products were analyzed ona GE XRD-5 x-ray diffractoneter using Cu ke
radiation. ~ Whole rock and oriented specinmens of the <2am fraction of
12 clay and shale partings from TR 4 were also x-rayed. \Wole coal
analyses on drill cores and bulk sanples were provided by Cyprus Anvil.

The rank of 49 coal samples was determined by neasuring the
maximum percent reflectance (Ro) of vitrinite. Vitrinite reflectance
is an excel lent paraneter to use for determining rank because it is not
appreciably affected by weathering. Therefore, reliable Fio val ues
were obtained for the weathered coals in thetrench and open pit Sites
as well as for the relatively fresher drill core sanples.

Preparation for rank and maceral analyses involved making the
samples into pellets. Each coal sample was crushed and passed through
a 20 mesh screen. |t was then thoroughly mixed with an equal anmount

of Buehler Transoptic powder and placed into a Buehler, Ltd., PNEUMAT I

v
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mounting press where it was subjected to a pressure of 4500 psi and
heated to 140°C. After cooling, the pellet was polished using a five-
stage wet polishing technique going from a coarse-grained 240-grit
Carbiment paper disc down to a .05 alumina Buehler micropolish. Pellets
were allowed to dry for at least 24 hours because moisture influences
reflectance values, especially in high volatile coals.

Reflectance was measured using a Leitz 450 photometer at a
magnification of x500. Readings were taken on homogeneously appearing
vitrinite particles that no longer displayed cellular structure. The
vitrinite was viewed in incident light through an oil immersion ob-
jective. The stage of the microscope was rotated through 360 and the
highest reflectance value was recorded. Fifty readings per sample were
taken. Control was maintained by using a glass standard of known re-
flectance for calibration. The standard was checked after every 25

readings.
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STRATIGRAPHY

The coal-bearing middle member of the Allenby Formation in the
Tulameen basin is approximately 130 meters thick and consists of inter-
bedded shales, mudstone, tuffs, minor sandstone and coal (Figure 6).
Two well defined coal seams are present (Adamson, 1978). The lower
seam has an average thickness of 7 to 7.6 meters and can be traced
from T-77-11 to T-77-10. It is medium clean to clean banded coal with
interbedded bentonite, shale and mudstone. The average percentage of
inorganic material intermixed with the coal is high (SO-70%).

The upper coal seam has interbeds of bentonite, brown shale and
mudstone. The coal is banded, fairly bright bedded coal (Figure 7)
with vitrain and c¢larain predominating. The truly dull coal compo-
nent consists mainly of durain. Microscopic examination of some of
the dull coal samples reveals a large amount of vitrinite and “the
presence of finely dispersed mineral matter which masks the macroscopic
appearance of the coal. This observation also was made by Donaldson
(1973). Weathered coal surfaces commonly have a white oxidized coat-
ing and iron oxide stain. Clear, amber-colored resin nodules and in-
frequent, partially coalified wood fragments are:scattered throughout
the coal. A few small scour channels filled with coal are present.
Both calcite and quartz have been identified by x-ray analysis as cleat
fillings. In places, the coal exhibits small scale folding and fault-
ing . Finely crushed coal resembling fusain lies along the fault
planes. The coal is vitrinite rich throughout the lateral and verti-
cal extent of the coal seam and rank increases slightly from northwest

to southeast. The average thickness of the coal in the trench and



- -

o~
L
Q
o
=
-
13 ]
1 )
o
»
AgS O
m E
o
m
|
S
@ =
5 o
3 a
Q 3
£
s
L
o
=
Ll
=
o]
< = .
=
o4
=
L
<5}
s |
«T,
o
Qo
Figure 6.

18
UPPER SANDSTONE (600 meters thick)

Blocky, breaking mudstone and shale

Finely laminated fissile shale

Thin interbeds of coal, bentonite, shale

Main Coal Seam

Lt. gray, med-grained ss; muddy matrix
Dark gray, massive, blocky mudstone

Distinctive color-banded, light to
dark gray, interbedded shale, mud-
stone and sandy mudstone

Mudstone, med. brown-gray to dark gray;
massive to medium laminated

Lower Coal Seam

Interbedded fragmental bentonitic tuff,
thin coal seams and coaly bentonitic

mudstone

LOWER SANDSTONE (l00-150 meters thick)

Representative stratigraphic column of the Coal-Bearing

Member (approx. 130 meters thick).

ngv-
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appearance of

bedded

of TR 2 showing bright,
shale and mudstone parti ngs.

South wall
coal andthin bentonite
Phot ograph taken near the base of the coal section
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drill hole area ofthefield rangesfrom15 to 21 nmeters. In the
Blakeburn open pit (Fi gure 8)the true thickness of the seam 1S un-
known because the floor of the seam is not exposed. Also, det er m na-
tion of the thickness has been complicated by numerous smal | faults
many of which are subparallel to bedding.

Figure 9 shows a cross section drawn down dip from TR 4 to
T-77-4 and Figure 10 shows a series of stratigraphic colums that ex-
tend | aterally from the extreme northern portion of the field area at
T-77-10 to the Blakeburn open pit in the southern portion. The neasured
sections are based upon the author's field measurements of the Blake-
burn open pit and sur f ace exposuresi n Trenches 1through 6 and upon
detailed lithologic logs fromT-77-1 through T-77-12.

The percentage and lithologic character of partings change to-
wards the northern portion of the basin. In the Blakeburn open pit,
partings are the least numerous and consist mainly of relatively thin
| ayers of bentonite and mudstone. In the interval between T-77- and
T-77-5, the coal seam changes from 88to 82% coal and from 12 to 18%
partings.  The partings are characterized by bentonite, mudstone and
brown shale. Several thin scattered interbeds of a dark, chert-like
mat eri al areal most pure 8102 according to x-ray analysis.

Fifteen partings from TR 4 and roof and floor sanples were
examned by x-ray diffraction. Table 1 lists their location, physical
appearance and mneralogy. A nontnorillonitic snectite and "b" axis
disordered kaolinite are the two predom nant minerals and both are
distributed throughout the stratigraphic colum. The snectite in

bentonite partings consists of alnost pure, fully expandable montmoril-

i,"l“"
!
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Exposure of main coal seam at Blakeburn open pit {QP-1).
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’ TABLE 1. MINERAL COMPOSITION OF PARTINGS AND ROOF AND FLOOR SAMPLES
M neral ogy (in size fractions)
Sampl e #  Macroscopic  Appearance & 2um 3 50um
4-70-3 Cream colored B Al nost pure M;mnor C ND.
4-70-2 Brown coaly Ms QandF N.D.
4-70-1 Cream col ored B; Fe stain Alnost pure M N.D.
4-60- | Dark brown coaly M Mstly S, K N.D.
4-45-| Med. brown colored s S, mnor halloysite? Q,F
4-41-3 Med. buff col ored B; Al most pureM; minor C ND
Fe stain
4-34-1 Light brown to buff col ored K; mnor S N.D.
Ms; Fe stained; carbonized
plant fragnents
4-26- | Med. brown colored WMs; Fe Al most  pureM; minor C, N.D.
st ai n; carbonized plant trace Q
. fragments
/ 4-20-1 Brown shaly Ms S and K 0
4-18-| Brown Ms; Fe stain S N.D.
4-14-1 Cream to buff col ored Ms K; minor S 0
4-9-1 Buff col ored Ms;Fe stain S lesser K 0
6-63-| Bl ack cherty rock found Pure Q N.D.
"interbedded in coal from
TR 6
0P-1-15-1 Brown fissile Sh; overlies Mostly K and Q; m nor N.D.
bentonite and main coal S
seam; from OP-1
1-0-0 Light col ored, bl ocky, Mostly K and Q; expand- N.D.
lamnated Ms; lies at base able mxed layer clay
of coal; from TR1 of smectite group

*Sanpl es nunbered from4-V-1 through 4-70-3 are arranged in stratigra-
phic order and come from TR 4; see Appendix for |ocation of sanples.

. »B = pentonite;, C = cristobalite; F= feldspar; K= kaolinite, M=
) montnorillonite; Ms = mudstone; Q = quartz; S = smectite; Sh = shal e.

Viy-
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lonite show fairly sharp, high intensity peaks indicating good crys-
tallinity (Roberson, 1964). Admixtures of kaolfnite and smectite in
varying proportions are common in the dark brown mudstones. Some of
the partings contain small carbonized plant fragments. All of the
kaolinite-bearing partings contain quartz. Kaolinite-rich sediments
with quartz and minor amounts of smectite occur both above and below the
coal seam. +

Between T-77-6 and T-77-10 partings become markedly more numerous.
The percentage of coal decreases from south to north from 71% at T-77-6
to 41% at T-77-10. Most of the partings have a volcanic origin and are
characterized by tuffs (multi-colored and welded), fine-grained sili-
ceous (sometimes pyritic) rock, very-fine-grained and slightly vesicu-
lar flows and bentonitic mudstone. Contacts between the coal and the
volcanics are mainly sharp and well-defined (Adamson, 1978).

Occurring near the top of the coal section is a continuous ben-
tonite bed up to 1 meter thick. The bentonite is light gray to cream
colored (Figure 11). X-ray diffraction of the< 2pm size fraction
shows montmorillonitic smectite to be the predominant clay mineral.
Small carbonized plant fragments are dispersed throughout the bed.

The bentonite can be traced from the Blakeburn open pit northwards to
TR 6. The bed does not appear in the T-77-9, T-77-7 and T-77-8 litho-
logic logs. However, the T-77-10 lithologic log describes a 76 cm
thick bentonite bed which may belong to the key unit. Other partings

show little correlation between sites.
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Figure 11.

South wal | of TR4 showi ng main bentonite bed
(thick, | i ght colored bed in center of photograph)
and ot her partings inthe upper half of the main
coal seam. The coal is weathered and shows iron
stai ning.
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COAL COMPOSITION

Macerals

The microscopic organic constituents of coal are called macerals.
There are three maceral groups: vitrinite, exinite and inertinite.
Table 2 shows the percentage maceral composition of 23 main seam
samples (Appendix) covering the lateral and vertical extent of the
field area. The results show a uniformly large percentage of vitrinite
and relatively small amounts of exinite and inertinite. Exinite is
slightly more abundant than inertinite. Donaldson's (1973) maceral
analysis also shows a correspondingly large amount of vitrinite. The
abundance of the vitrinite imparts the characteristic macroscopic
bright appearance of the coal.

Much of the vitrinite is formed from the woody bark and tissue of
trees and shrubs. The vitrinite is mostly undifferentiated and has a
uniform “homogeneous” appearance (Figure 12). Although the color of
vitrinite in a sample usually varies from medium to light gray, samples
from T-77-8 and T-77-10 are generally darker and samples from OP-1
lighter. Some samples contain vitrinfte differentiated into telinite
and collinite (Figure 13). Most differentiated vitrinite fragments
show deformation by folding or compression into microlayers parallel
to bedding (Figure 14). The brittleness of vitrinite is shown by
numerous microfractures in some samples. Exinite and inertinite
macerals and mineral matter are mostly enclosed within vitrinite.

Exinite generally has a black to dark gray appearance. Some of
the exinite is difficult to identify (Figure 15). Most samples include

minor amounts of resinite, cutinite and sporinite. The resinite often
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TABLE 2. RESULTS OF MACERAL ANALYSES ON SELECTED SAMPLES

Maceral Conposition

Sample Site* Sample No.*+ % Vitrinite ~ %Exinite % Inertinite
OP-1 OP-1-43-1 95.0 3.9 1.1
0p-1 0P-1-15-1 95.0 3.2 1.0
oP-1 0P-1-11-1 92.8 6.9 0.8
OP-1 OP-1-1-3 96. 1 2.8 1.1
TR 1 [-1-1 99.8 0.2
T-77-11 DC 11-Q*** 97.4 2.0 0.6
TR 3 3-V-2 93.8 0.7 0.9
T-77-12 DC 12-ss 97.2 2.7 0.1
T-77-12 DC 12-pp 98.8 2.2 1.0
T-77-12 DC 12-hh 98.2 1.4 0.4
T-77-12 DC 12-bb 97.8 1.3 0.9
T-77-12 DC 12-y 97.4 2.0 0.6
T-77-12 DC 12-s 96. 1 3.8 0.1
T-77-12 DC 12-j 98.7 0.8 0.6
T-77-12 DC 12-a 98. 4 0.7 0.9
TR 5 5-81-1 97.7 1.6 0.7
T-77-9 DC 9-B¥** 99.2 0.5 0.3
T-77-8 DC 8-E*** 94.8 4.9. 0.3
T-77-8 DC 8-D*** 98.2 1.5 0.3
T-77-8 DC 8-C 98.1 1.3 0.6
T-77-8 DC 8-B 97.6 2.1 0.3
T-77-8 DC 8-A*** 99.1 0.5 0.4
T-77-10 D¢ 10- X 99. 4 0.4 0.2

*See Figue 5 for location of sanple sites.
**See Appendi x For |ocation of samples
***Pyrite-rich  sanples

oy
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Figure 12

Figure 13.

o mem et A

Undifferentiated vitrinite (1) lacking visible cel
structure. Polished surface, o

i mersion, x500.

oy i .‘1‘3‘%\«»
r’[‘g ‘?“‘ 5

Cel | structure in well differentiated vitrinite;
telinite (1) represents cell wall tissue and collinite

(2) cell fill mterial. Polished surface, oi

ime -
sion, x500.
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Figure 26. Inertinite--macrinite? (1)--in clay-rich (2) vitri-
nite (3). Polished surface, oil inmersion, x500.

.
-
—— -

Trimacerite with sclerotinite (1), semfusinite (2},
resinite (3), cutinite {4) and vitrinite (5); the
large resilient sclerotinite resists conpression.

Pol i shed surface, oil immersion, x500.

Figure 27.
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displays orange internal reflections. Most of the resinite (Figure 16)
occurs as isolated elongated or spherical shaped bodies and in some
cases as cell lumen fillings. Isolated resinite bodies not altered to
vitrinite are seen in a few samples. Thin-and thick-walled cutinite
commonly show foldéd and sometimes toothed structure (Figure 17 and 18).
Selective decomposition has formed some concentrated layers of thin-
walled untoothed cutinite. Sporinite, sometimes occurring in groups,
is present in small quantities in most of the samples. It is formed
from the resistant perines and exines of pollens and spores. The
sporinite is compressed and in some cases is filled with vitrinite
(Figure 19). Miérpscopic cracks which pass through vitrinite often stop
abruptly at sporinite which-is very tough and resistant (Figure 20).

Inertinite has a light gray to bright white color and a corres-
pondingly high reflectance. Sclerotinite and semifusinite are the two
most abundant inertinite macerals in the coal. Though not abundant,
sclerotinite occurs in most samples. The sclerotia (Figure 21) are
generally rounded or elliptical and some are multicellular. Cavities
are usually empty but some show resinite, vitrinite or pyrite fillings.
Concentrated clusters of compressed teleutospores in vitrinite (Figure
22) occur, especially in samples from QP-1, Little semifusinite and
rare fusinite are found in trench and drill core samples, but are
more common in OP-1 samples.  Semifusinite has poorly preserved struc-
ture, shows varying degrees of fusinization and is often deformed
(Figure 23). Plastically deformed degradofusinite (Figure 24) and
pyrofusinite with well preserved cell structure (Figure 25) appear in

several samples from OP-1. One piece of macrinite? was identified in

1
i
!
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Figure 16.  Elongated resin bodies (1) in vitrinite; thin-walled
telinite (2) with resinite fillings (3); 1light colored
resinite bodies altered into vitrinite (4); finely
di sseminated pyrite (5) invitrinite. Polished Sur-
face, oi | inmmersion, x500.

Figure 17.  Folded, thick-toothed cutinite (1) in vitrinite;
rounded |ight gray objects represent vitrinized cell
fillings (2).  Polished surface, Oi | i mmersion, x500.
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Figure 18. Thin-walled cutinite (1) in clarite with sporinite (2),
vitrinite and inertinite (3). Polished surface, oil
imersion, x500.
Figure 19. Conpressed sporinite (1) in clay-rich (2) clarite;
mcrospores filled with vitrinite (3). Polished sur-
I mersion, x500.

)
face, oil

¥y
H



Figure 20, Sporinite (1) in clarite with cutinite (2) and inertin-
ite (3); toughness of Sporinite shown in top of figure
where mcroscopic crack (4) passesthrough brilevitri ~
nite and stops at Sporinite (5). Polished surface, oil
i mersion, x500.

(’*‘
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Figure 21. Isolated nulticelled sclerotia (1) withresinite (2)
filled cavities; vitrinite groundmass with vitrinized
cell fillings (3) surrounded by clay (4). Polished
surface, Ol | 1 mMersion, x500.



Figure 22.

Figure 23.
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Concentrated layers of compressed teleutospores (1)
in fractured vitrinite (2). Polished surface, oil

i mersion,  x500.

Deformed semfusinite (1) in dirty vitrinite; finely
di ssemnated pyrite crystals (2) in vitrinite;, aggre-
gate of pyrite crystals (3). Polished surface, oi

i nmmersion,  x500
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Figure 24, Plastically deformed degradofusinite (1) with poorly
preserved cellular structure; thin-walled toothed
cutinite (2) and resin bodies (3). Polished surface,
) oi| imersion, x500.

Figure 25. Pyrofusinite (1) with well preserved cellular structure
) in trimacerite. Polished surface, oil imersion, x500.
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in a sanpl e fromQP-1 (Figure 26).

Mcrolithotypes

Characteristic associations of maoerals are called microlitho-
types. The dom nant mcrolithotype of the main coal seamis vitrite.
Clarite with mnor interbands of trimacerite (clarodurite) anddurite
are also present.  Donaldson’s (1973) mcrolithotype analysis shows
vitrité' to represent 725%andclarite 10.8% of the 5% foot column
that he studied. Figure 27 shows vitrinite, flattened sporinite,
sclerotinite and senmifusinite in trimcerite (duroclarite). Vitrinite,

cutinite and <5% sem fusinite are shown in Figure28 in clarite.

Proximate and Utimate Analyses
Bulkand drill core anal yses (Adamson, 1978) show cl ean coal has
the follow ng specifications:

Proxi mate Anal ysis (As Received)

Total Mbi sture 12. 0%
Ash 14.5
Vol atile Mutter 30.2
Fi xed Carbon 43. 3
100. 0%
Sul phur 00. 6%
Calorific Value 10, 000B,T,U./1b

Ultimate Anal ysi s (As Recei ved)

Ash 13.80%
Carbon 62.73
Hydr ogen 4.90
Ni trogen 1.36
Sul phur 0.63
Oxygen 16. 57

99. 99%
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Figure 26. Inertinite--macrinite? (1)--in clay-rich (2) vitri-
nite (3). Polished surface, oil inmersion, x500.

.
-
—— -

Trimacerite with sclerotinite (1), semfusinite (2},
resinite (3), cutinite {4) and vitrinite (5); the
large resilient sclerotinite resists conpression.

Pol i shed surface, oil immersion, x500.

Figure 27.
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Clarite With exinite (andvitrinite (2}; clarite
Pol i shed surface, oil

interlayered Wth vitrite (3)

Figure 28.
i mersion, x500.

Diffuse clay layers (1) of variable widthin vitri-
Pol i shed surface, oil immersion, x500.

Figure 29.
nite (2).

1
il"'."‘



40
which determines the major component elements of
amount of

The ultimte analysis,
amount of hydrogen and smal |

coal, shows a relatively large
oxygen because of the large vitrinite content.

I norganic el ements other than

Mneral Mtter

Mneral matter refers to all inorganic material in coal. It in-
phases and al |

compounds (\Ward, 1977).

cludes discrete mneral
H, N, 0 and § which may be present in organic
Bel ow are results of the mneral ash analysis of clean coal from bul k
anddrill core sanples (Adamson,1978):
M neral Ash Anal ysis
8102 69.51%
A1203 13.54
Fe,05 6.55
Ca0 1.17
Mg0 0.44
Na,0 0.67
K,0 0.64
Ti0, 0.04
P205 0.17
S0 0.51
3 T 93.24%
is heated to high enough t enper at ur es

ash anal ysi s, coal

During mineral
of the inorganic constituents are converted to oxides
the mai n seam

The silica to iron ratio in

Amounts of sul phur, phos-

so that al

( Sehgal
I's large andthe al kal i

and Wong, 1974).
content smal | .

coal
phorous and titanium are significantly snall.

;I\n_qr-
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M neral ash differs fromlow temperature ash {(LTA)} in that |ow
tenperature ashing renoves organic matter byslow oxidation at |ow
enough t enperatures so that the resultant inorganic residue is
essentially unaltered.  Seven coal samples were |ow tenperature ashed
and then anal yzed on the x-ray diffractometer. Three sanples are from
the | ower, mddle and upper portions of the exposed coal section in
OP-1 and a fourth from the base ofthe min seamin TR 2 (AppendiXx).
Al four samples were weathered. The remaining three sanples are
relatively fresh andcome fromthe lower, mddle and upper portions of
the main coal seamin T-77-10 (Appendix). Sanples have quartz, kaoli-
nite and mnor amounts of an expandable clay (snectite?). Quartz pre-
dominates. Results from OP-1 show a |arger concentration of quartz
in the upper part of theseamand a greater kaolinite to quartz ratio
in the |ower and mddle parts. The absence of identifiable sulphides
and carbonates from OP-1 is, in part; the result ofweathering. In
addition to showing the presence of quartz and mnor  kaolinite, results
from T-77-10 showa concentration of magnesiumrich calcite in the upper
part of the seam and the presence of pyrite in the mddle and |ower
parts. The sample from the middle part of the seam has a |arger
kaolinite to quartz ratio than the other two sanples.

Mcroscopic mneral matter in theman coal seamis readily ob-
servable in reflected light, oil immersion. Cay, the nost commonly
occurring mneral, has a dark gray or black appearance and usually
forms thin irregular layers or lenses, or, less commonly, forms
pockets or petrifications filling cell [umens. Figures 29 and 30

show some clay layers interbedded with vitrinite.
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Figure 30.

Figure 31.

Wel | defined clay (1) layersand | enses interbedded with
vitrinite (2). Polished surface, oil immersion, x500.

Spherical aggregates of euhedral pyrite crystals (1);

irregul ar masses of pyrite crystals (2); pyrite re-
placing cell walls (3); vitrinite groundmass. Polished

surface, oil imersion, x500.
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Pyrite 1S a minor constituent and is nostly syngenetic. Although
It generally appears as small discrete grains, it sometimes occurs i n
spherical aggregates of euhedral crystals (Figure 31). In some samples
it replaces cell walls and/or fills cell lumens (Figures 32 and 33).
Drill core sanples from the northern part of thestudy area generally
have a greater abundance @pto 11% of pyrite than drill core sanples
in the central part.

Some sanples have detrital quartz grains. Quartz, because of its
low relief andtransparent gray color in reflected light under oil, is
difficult to distinguish from void spaces. However, when present,
compaction structures are used to identify quartz (Figure 34){KemeZy
and Taylor, 1964).

Several coal sanples have.a carbonate mneral with a nottled gray
appearance (Figure 35). Somecarbonate mneral crystals appear to re-
place vitrinite and others are surrounded by conpaction structures.
| dentification ofindividual carbonate mnerals is difficult in re-
flected light under oil because oftheir simlar appearance.

A rough correlation exists between the chem cal analyses of high
tenperature mneral ash and mneralogi cal composition of coal derived
from [ow tenperature ashand petrographic analyses (Mtchell and Glus-
koter, 1975).  The high 5102 percentage I S derived mainly from quartz
and to a | esser extent from kaolinite and smectite?.  The Al,05 as well
as Ca, Mg, Naand K oxides originate in large part fromthe clays and
the Fezﬂ3 and S04 primarily comefrom pyrite. Thetitanium and
phosphorous probably represent inherent mneral matter in the coa

formng plants.

ﬂﬂgv
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Syngenetic pyrite (1) replacing well defined cell walls
in vitrinite.  Polished surface, 0i | immersion, x500.

Figure 33.

replacing cell walls and filling
dark splotches in vitri-

nite caused byfinely dissemnated clay particles.

Syngenetic pyrite
cell lumens {2)1n vitrinite;

Polished surface, oil imersion, x500.



Figure 34, Detrital, sub-angular quatzgrain (1) in clay (2) and
pyrite- (3) rich vitrinite; compaction structures en-

cl ose thequartz grain; smal gray splotches on quartz
grain are Wat er marks. Pol i shed surface, oil inmersion,

x500.

Figure 35  Carbonate mneral (1) associated with vitrinite (2) and
exinite (3); exinite-rich badforns conpaction struc-

tures (4) around the carbonate. Pol i shed surface, oil

immersion, x500.
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COAL RANK

The average maximum percent reflectance of Vitrinite (ﬁo) was
measured on 49 coal samples collected fromdri || cores and from
weathered trench and open pit exposures. Forty-five of the samples are
fromthe main seamand four fromthe lower seam Table 3 lists the RO
per sanple at each site in stratigraphic order.

Low ﬁo val ues from T-77-8 are caused by t he abundance of pyri te.
In sanples witha relatively large quantity of pyrite, vitrinite ﬁo
readings are lowered by the high reflectance of pyrite. The larger
readi ngs (ﬁo = .63 and .65) fromT-77-8 are fromtwo sanples that have
little pyrite andare, therefore, more representative of coal rank.
Badly scratched pol i shed surfaces al so | ower readings. Scratching was
caused by pellets Whi ch di sintegrated during the polishing process
because Of mneral matter intermxed wth the coal.

with the possi bl e excepti on of T-77-11 and TR 2, which ar e
closely associated, no Si gni ficant vertical variation in reflectance
exists.  T-77-12, wupon Which the greatest nunber of readings were
taken, shows |ittle stratigraphic variation between values (.62 to .65).

Figure 36 shows the relationship between the average RO of
vitrinite per site andthe | ocation of sites with respect to one ano-
ther . Reflectance gradually increases from .62 in the north to .86 in
the south. The average ﬁo for the entire study area is ,67.

Coals in North America are usually ranked according to the AST.M
(American Society for Testing Materials) system The degree of coaliifi-
cation is based upon utilization parameters. High rank coals are

classified on afixed carbon or volatile content calculated on a dry,

j Vige
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TABLE 3: PLOT OF % l?lo OF VITRINITE AT DESIGNATED SITES (VALUES ARRANGED

IN STRATI GRAPH C ORDER).

% R, of Vitrinite at Designated Si t €S
oP-1 TR 1 TR 2 T-77-11 OFR 3 T-77-12 TR 5 TR 6 T-77-9 T-77-8 T-77-10
o
8 .90 ¥ - - .62 - - - .54 .66
)
o - .66 - - -
73]
S - .57 .Sk .62 68 .65 .65 *
£ | .28 PP S S S L S-S | =23 [
LiF]
@ .68 - - - .58 .60
s | - .
S | % 8o - - - .67 . - -
.S ‘-b - 80 * 65 * 068 071 l63 .65 -
m .
= 2 = v66 - hd -
Y S U {7 AN T e - S e
-t ——
g .87 - . - .67 - - - .59
&3 - 067 - .67 - - -
4 .87 .63 .65 .70 72 67 * 71 6l .52 .64
% R, = .86 .71 .60 .63 67 .66 67 .69 .6k .58 .62
.72 . - 72 . .63
b e
55 - .66
- W

*Pel | ets so badly scratched that reliable RO val ues were not possible.
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mineral-matter-free {d.m.m.f.) basis. Lower rank coal s having a less
than 69% carbon content are cl assified according to their calorific
value cal culated ona moist, nmineral-matter-free (m.m.m.f.) basis
Williamson, 1967). In the Tulameen Coal field main seam analyses and
washability tests from T-77-1 through T-77-6 and from bulk samples
show the carbon content of the coal to | i e below 69% (d.m.m.f.). The
calorific values range from 11,707 B,T.U./1b to 12,362 B.T.U./1b
(m.m.m.f.) (Adamson, 1978). Calorific values for the |ower seam are
simlar to those of the main seam. Therefore, under the A.S.T.M. sys-
tem the Tulameen coal with the T-771 to T-77-6 interval would be
classified as Hgh Volatile C Bituminous. According to Figure 37,
which correlates maximum reflectance of vitrinite with the ASTM.
classification system, vitrinite reflectance values from the northern
half of the basin fall w thin theHigh Volatile C Bitum nous range

and coal from OP~Iwithin Hgh Volatile B to A Bitumnous range.
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DISCUSSION
Widespread | at @ Mesozoic and early Cenozoic sedi nentary sections

in western North Anerica are associated with a continental margin arc-
Di ckinson (1976) constructed paleo-

trench system (Dickinson, 1976).

tectonic maps illustrating the Cordilleran arc-trench system during the
Paleocene to Late Eocene and during the Late Eocene t0 Early Miocene
(Figure 38). The Northern Cascade-Okanogan area during the Late Cre-
taceous and early Tertiary underwent a period of magmatic cessation
characterized by post orogenic sedimentation. Arc magmatism resuned

during the Eocene55 to 50 mllion years ago and occupied a W de belt
W. Longitude (Davis, 1977; Snyder, et. al,

lying between 126’ to 116"
The Tul ameen basin which forms a part of the Internontane Belt

1976) .
of the Canadi an Cordillera (Figure 39l ay withinthe magmatic arc.
Eocene geol ogy of the Internontane Belt in south central British

Col unbi a was characterized by concomtant vol canism and sedi mentation.

Regi onal north-south block faulting was prevalent and extended across

the Canadian/United States border from the Cascade Mountains to Montana
Thick successi ons of vol cani ¢ and sedimentary r ocks

associated Wi th north-south trend-

(Davis, 1977).
were deposited in |akes and valleys
al., 1977). Block faulting along with

ing block faults (Ckulitch, et
vol cani sm provi ded possible mechanisns for the formation of poorly

coal deposition.

drained areas suitable for
The | i t hol ogy and thick sequence of clastic sedimentary rocks in
(Reineck and

the Tul ameen basin indicate a fluvial-lacustrine origin
1977). The sediments are continental and

Singh, 1975; Hendri cks,
represent a wide range of particle sizes deposited by fluvial processes
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PALEOCENE
TO LATE
EQCENE

42.5- 85
MY 8P

ARC

Figure 38. A

Eocene:
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Figure 39. Principal structural subdivisions of the southemn
Canadian Cordillera (Okulitch, etal., 1977).
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Massive, coarse-grained, feldspathic sandstones and conglonerates were
deposited rapidly and were probably derived from a-nearby source area.
Rel atively thick sequences oflamnated, fine-grained sandstones, mud-
stones, fissile shales andintercalated coal horizons represent periods
of lower energy environnents. The' frequent occurrence of tephra and
bentonite throughout the sedinmentary sequence documents repeated
vol canic activity in the area

Pal ynonor ph assenbl ages frominterior British Columbia inply a
warm to subtropical continental climate during Mddle and Late Eocene
tim (Rouse, 1977). Pollens identified from the coal -bearing sediments
in the Princeton basin and in four simlar locations in interior British
Columbia consist of two principle elements: coniferous pollen and
deci duous arboreal pollen mainly represented by the Betulaceae and
Junglandaceae families (Rouse, 1967). The flora suggests an upland and
inland environment.  Although interior Eocene assenblages reflect a
slightly cooler climte and have different major elenments than coasta
Eocene assemnbl ages, they have enough simlarities to suggest that the
present Coastal and Cascade Mountain ranges were nuch |ower during the
Eocene than at present (Rouse, 1967).

The m neral ogy of the coal determned from LTAand petrographic
anal yses indicates a fresh water swanp environment. Coals having
relatively large quartz and kaolinite contents, as well as little to no
carbonate and pyrite, are usually associated with fresh water deposi-
tional basins {Millot, 1952; Rao and G uskoter, 1973). Qher Tertiary
coal basinsin central British Colunmbia show a simlar mneral associa-

tion (Pearson, personal comunication).

iy
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Swamp environments are defined on the basis of their predominant
type of vegetation. Forest moor environments are dominated by woody
trees and shrubs and result in deposits rich in vitrinite (Hacquebard
and Donaldson, 1969). The Vvitrinite concentration and lack of signi-
ficant petrographic variation in the Tulameen main coal seam indicate
that a forest moor environment with a warm, moist climate predominated
throughout peat formation. Figure 40 is a schematic block diagram of
the Tulameen forest moor swamp as it may have appeared during peat
formation.

Poorly drained areas that receive a sufficient inflow of water
favor peat development. The type of basin and rate of subsidence help
determine the nature of the peat (Hacquebard and Donaldson, 1967;
Falini, 1965). Seam thickness and uniform composition (vitrite and
exinite-poor clarite) of the Tulameen coal along with numerous thin
shale and mudstonespartings suggest a relatively high rate of active
subsidence (Shibaoka and Smyth, 1972). Alteration of plant material
to vitrinite requires anaerobic, reducing conditions with a low pH
(Francis, 1961). Such conditions are maintained when the swamp is
covered by a moderately high (1 - 1¥ meters) stagnating water level
(Stach, et. al., 1975). Because forest moor environments promote
relatively continuous and rapid accumulation of peat, the groundwater
level must steadily rise in order to keep abreast of peat formation.
Thin layers of trimacerite and durite, which form subaquatically with

increasing oxygenation, record minor periods of a relatively higher

water level brought about by an influx of fresh water (Francis, 1961;

Stach, et. al., 1975). A too rapid rise in the water level interrupts

[Viny~
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scale).
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peat deposition and brings about inorganic sedimentation. Thickness
of partings is roughly proportional to the duration of the interruption
in peat formation (Falini, 1965). Thin partings in the Tulameen coal
indicate short interruptions brought about by small scale flooding. The
thick interval of sediments between the lower and main coal seams
represents a thick clastic incursion which interrupted peat formation
for a long period of time. The lower seam may represent a major split
in the main coal seam.

Some tectonic control over subsidence is suggested by the presence
of active volcanism. The greater abundance of Vvolcanically derived
partings in the northern part of the field area suggests a volcanic
source lay north of the basin.

Shale and mudstone partings represent an inwashing of detritus
during periods of flooding. Kaolinite, which forms a large percent of the
sediments, may have been deposited as a detrital sediment that remained
unaltered after deposition (Jansa, 1972) or it may have been deposited
as a different material that later was altered to kaolinite by interac-
tion with humic acids (Staub and Cohen, 1978). Montmorillonite also
occurs in the same coal seam as the kaolinite. Montmorillonite is an
alteration product of volcanic ash which requires an alkaline environ-
ment for stability (Keller, 1956; Millot, 1970). Because of the nearly
monomineralic nature of the bentonites, the presence of montmorillonite
could be explained by instantaneous deposition of an ash fall followed
by rapid settling which would isolate the particles from the acidic
swamp environment and effectually remove them from the chemical system.

The glassy tephra would be altered to montmorillonite after deposition
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(Pevear ,personal communication). The fact that montmorillonite was
not altered to another m neral and coexists with kaolinite in many
sanpl es suggests thatkaolinite was directly deposited into the swamp
rather than formng in place. Kaolinite is a common product of intense
weathering in warm to subtropical continental environments and its
presence seens to bea general characteristic ofa |arge number of
western North Anerican Eocene sediments and coal deposits (Murray and
Patterson, 1975).  Hopkins (1966) reports a thick kaolinite zone from
t he Upper Eocene Huntingdon Formation on Sumas Mountain which has been
interpreted byHorton (1978) as representing detrital kaolinite brought
into the basin as a result ofintense weathering. Nearly monomineralic
bentonite bedsare interpreted as ashfalls wth mninmum reworking,
wher eas shaly partings containing kaolinite and admixtures of kaolinite
and montnorillonite are considered to bereworked kaolinite derived by
erosion of low-lying intensely weathered areas.

The presence of nontnorillonite defines the upper coalification
limt of the Tulameen coal. Mdifications in clay mneralogy are
cl osely associated Wi th progressive stages of geochem cal coalification.
Kisch (1968) correlates coal rank andburial-netanorphic mneral facies
in terrigenic rocks. Mntnorillonite occurs in high volatile bitumn-
ous coal s and di sappears during late diagensis in |lower volatile
bituninous coals. The degree of coalification is mainly a function of
time and tenperature (Kaplan, 1971).

Results from thestudy of Tul aneen coal rank show a gradual in-

crease inrank fromHgh Volatile C Bitumnous in the northwestern half

of the field area to High Volatile B/A Bituminous in the southeastern
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)Oortion. One possible interpretation for the increase in rank places

the Blakeburn open pit area nearer to the center of the coal-forming
basin based on the apparent greater thickness of the coal and ‘the
presence of fewer partings there in comparison to the northern part of
the field area. Using such a model, Donaldson (1973) considered the
Blakeburn area as the center and interpreted the higher rank as a result
of greater depth of burial in conjunction with an abnormally high geo-
thermal gradient.caused by volcanic activity in the area.

A second possible interpretation for the increase in rank might
be the emplacement of an igneous intrusion to the north or east of OP-1.
This intrusion would have to be relatively large because the zone of

contact metamorphism is highly dependent upon the size of the intrusion

+ (Chakrabarti, 1969; Stach, et. al.,, 1975). Mining reports on under-

]

_).

ground workings in the Blakeburn area mention encountering a dike
occupying a large fault zone, however, no details on the size, Ethology
or source of the dike were included (Shaw, 1952).

A deformation-model for explaining the increase in coalification
is a third possible interpretation. Figure 41 shows the relationship
between major bedding planes and isorank lines in three different
coalification situations (Pearson and Grieve, 1977). In coalification
that occurs prior to folding, isoranks and major bedding planes are
parallel. Rank increases vertically with depth and not down dip.
Coalification is related to the original depth of burial that existed

after deposition but before folding (Hacquebard and Donaldson, 1970).

Post-folding coalification, on the other hand, is related to the maxi-

mum depth of burial after deformation. Isorank lines are horizontal
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A Coalification All Pre Folding

6. Coalification Al Post Folding

Rank

epth

C. Coalification Pre Folding and Post Fol ding

Figure 41.

Di agram show ng possi bl e configurations between
coalification planes (dashed lines) and coal

seams in relation to deformation (Pearson and
Gieve, 1977).
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and rank increases down dip with depth.  when postfolding is superimposed
on prefolding coal ification, isorank lines lie obliquely to major bed-
ding planes (Hacquebard and Donaldson, 1974; Stach, 1975; Pearson and
Gieve, 1977).  The Tul anmeen coal deposition basin was folded andtilted
prior to deposition of the Mocene volcanics. Al though the increase in
coal rank follows strike along the southwest |inb of the Tul ameen basin
from northwest to southeast, it parallels thedown dip direction of the
plunging fold axis.  The southern partofthebasin, therefore, had
a greater maxinnum depth of burial which suggests some degree of post-

def ormational influence on coalification.

v



62
CONCLUSIONS

The Tulameen Coal field has a fluvial-lacustrine origin. Fluvial
sedinentation was probably controlled by regional north-south block
faulting.  The coal forming basi n developedin a poorly drained, fairly
| ow-1ying area near an elevated upland.. A warm noist climte favored
formation of a forest noor swampenvironment. Arelatively high water
| evel and continuous subsidence brought about anaerobic reducing con-
ditions favorable for peat growth. Periodic flooding and active vol-
cani sm brought inorganic material into theswamp. Wth time, biologi-
cal and physical chemcal processes altered the peatinto coal. Coali-
fication was partially post-deformational.

The coal is predomnantly a bright, bedded coal composed pri -
marily of vitrinite and only mnor amounts of exinite and inertinite.
Kaolinite and quartz are the major inorganic coal constituents. Inter-
bedded Wi thin the coal are nunerous thin nontnorillonitic bentonite
and kaolinite- and/or smectite-rich shale and mudstone partings. The
partings not only increase in numbertowards the northern part of the
basin but also their Ilithology becomes increasingly volcaniclastic.

Vitrinite reflectance measurenments reveal an increase in coal rank
from High Vol atile C Bituminous i n the north to High Volatile B/A

Bi tum nous in the south of the field area.
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