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INORGANIC CONTENTS OF PEATS

R. Raymond, Jr., D.L. Bish, and A.D. Cohen
Los Alamos Natioral Laboratory
Los Alamos, NM 87545

Abstract

Peat, the precursor of coal, is composed primarily of
plant components and secondarily of inorganic matter derivea
from a variety of sources. The elemental, mineralogic, and
petrographic composition of a peat is contiolled by a combina-
ticn of both its botanical and depositional environment.
Irorganic contents of peats can vary greatly between geograph-
ically separated peat bogs as well as vertically and horizon-
tally within an individual bog. Predicting the form and
distribution of inorganic matter in a coal deposit requires
understanding the distribution and preservation of inorganic
matter in peat-forming environments and diagenetic alterations
affecting such material during late-stage peatification and
coalification processes.

Peat, the nrecursor of coal, is composed primarily of organic plant
compunents and secondarily of inorganic matter composed of crystalline
minerals, amorphous materials, exchangeable cations and metals, and non-
crystalline plant matter. The initial composition of a peat is
controlled by a combination of its botanical and depositional elements
[e.g., Cecil et al. (1), Cohen (2); Cohen and Spackman (4); Cohen et al.
{5); Raymond et al. (6), (7), (8)]. The coal resulting from this; peat
is controlled by diagenetic alteraitions during initial peatification and
later coalification.

Inorganic compositions of coals have been related to depositional
envircunents [e.g., McCabe (8)], diagenetic alterations [e.g., Mackowsky
{10)], and paleoclimates [Cecil et sl. (1)]. Similarly, mineralogic
associations of peats have been used to interpret geologic conditions at
the time of peat deposition [Raymo:ud et al. (7), (8)]. However, the
mechanisms by wi.ich many inorganic elements and minerals are incorpor-
ated into peat deposits, and finally into coals following coalification,
are still open to debate [e.g., Cecil et al. (11) and Finkelman (12),
(13)]. Whatever the dominant mechanism for incorporation of inorganic
components into coals, the occurrence of minerals and inorganic matter
in recent peat dzposits suggests an cquivaleat cccurrence must have
existed in the precursors of today'’'s coal deposits. It is therefore
important to acknowledge that peats may contain very different inorganic
components, and these differences in the starting material must be con
sidered whenever one is developing models for the occurrence of inor
ganic material in coal.



The purpose of this paper is to demonstrate the great variatiomns
that exist in mineral and inorganic element ccntents between and within
peat deposits.

Overview

The botanical composition of peat, chemistry of interstitial peat
waters, peat/fauna associations, hydrologic movements within a peat
environment, and potential mineralogic and elemental scurces in proxim-
ity to peat deposits represent the major factors controlling inorganic
matter occurrence in peat environments.

The same hydrologic movements that control leaching of eliements also
control peat decay, humification, and elemental ernrichment as certain
elements are readily absorbed in response to the increased humification
of certain peat types. Thus, mechanisms have been suggested for the
transportation and emplacement in peat bogs for a large number ci free
elements, thereby acccunting for elemental anomalies in the resulting
peat deposit [Cameron and Schruben (14)]. MkcCarthy et al. (15) have
shown that peats are able to accumulate substantial quantities of
metals, possibly as a result of the concentrating abilities of bacteria
[Beveridge and Fyfe (16)], incompatible with normal ion-exchange proper-
ties of the peats. Abundances of these free elemernts may account for
much of the *amorphous humps" seen in x-ray diffraction (XRD) patterns
of peat low-temperature ashes [Raymond et al. (8)]. Bacteria have also
been suggested as the mechanism for the destruction of siliceous
ingredients in peats [Andrejko et al. 5111], and microorganisms suc. as
fungi and bacteria have been associated with the physical or chemical
breakdown of cell components and the production of new organic sub-
stances [Cohen et al. (5)1, both of which conceivably would affect the
occurrence of inorganic matter in peat.

The chemisiry of interstitial peat waters plays a significant role
in the formation and diagenesis of the minerals pres nt in peat
deposits. As an example, clay mineralogies within peat deposits appear
to relate to pH conditions at the time of their formation. The more
acidic conditions resulting from the presence of greater concent-ations
of organic acids, which in turn appear to result from high concentra-
tions of organic matter under continually wet conditions, favor the
formation of kaolins over smectites. In a more detailed view, micro-
scopic subenvironments of peat deposits may contain interstitial waters
with characteristics very different from thnse of the overall deposit.
As a result, minerals may exist or form in these subenvironments that
are not in equilibrium with the Eh/pH conditions of the deposit as a
whole.

Fauna and flora bota contribute inorganic matter directly into peat
depositional systems. Crystalline mineral matter has a% leasi two
documented botanical sources. Peat-producing plante, such as Nymphaca
(water lilies) and Orontium ("never wet") have beeu shown to precipitate
calcium oxalate minerals [Dardin and Bish (18); Griffin et al. a9].
Biogenetically derived carbonate minerals have Leen produced by metabo
lism of blue green algae in the Everglades [Gleason (20)]. Amorphous
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inorganic materials of botanical or biological origins likewise make up
a large portion of the inorganic fraction of peats. Some peat-producing
plants in the Everglades and Okefenokee, such as the sedges and grasses,
accumulate silicon in the form of non-crystalline phytoliths [Andrejho
and Upchurch (21); Andrejko and Cohen (22)]. Biogenically produced
siliceous sponge spicules have been found in water lily peats in the
Okefenokes Swamp [Cohen (23); Yeakel and Spackman {2&1; Andrejko et al.
(17)] and in fluvial-deposited peats in Costa Rica [Raymond et al. (6)].
Siliceous freshwater diatom assemblages have been shown to be common in
many peat forming environments [Scherer et al. (25); Scherer acd Cohen

(26); Raymond et al. (6)].

Other crystalline mineral matter in peats can be related directly to
depositional systems and diagenetic alterations within those systenms.
Detrital sands and clay minerals derived from nearby streams are common
in coastal peat deposits [e.g., Staub and Coher (27), (28)]. Detrital
fine-grained quartz and kaolinite have been shown to occur well away
fror channels within peats of the Okavango Delta, Botswana [McCarthy et
al. (15)]. Sulfide and sulfate minerals (especially pyrice) have been
found in brackish-water peats or peats overlain by brackish-water or
marine sediments [Casagrande et al. (29), (39); Casagrande and Price
(31); Cohen et al. (32); Cohen and Andrejko (33); Davies and Raymond
(34); Raymond et al, (7)]. An anomalously high concentration of pyrite
has been reported also within a freshwater peat environment as a result
of a subterranean sulfate-enriched water source [Raymond et al. (35)].
Small quantities of fine-grained sand of probable aeolian origin have
been detected in some Okefenokee peats [Cohen (23)]. It also has been
demonstrated that certain short-lived minerals can be produced through
natural phenomena, such as fires, [Andrejko and Upchurch (36)].
Finally, volcanic ash diagenetically altering to halloysite has been
shown t¢ be a major component of some tropical peats [Raymond et al.

6), (30

Variability in Inorgrnic Contents of Peats

As part of a previous cooperative effort between the Los Alawos
National Laboratory and the Institute of Gas Technology investigating
the effects of petrographic and physiochemical properties of peat on
their dewatering and wet carbonization characteristics, an abundance of
data on the occurrence of inorganic matter in 12 very diverse peat
samples was collected [Raymond et al. (8)]. A description of these peat
samples including peat type, degree of humification, location, environ-
ment of deposition, sulfur content, and proximate analysis is given ir
Table 1. In Tables 2 and 3, major element data as determined by x-ray
fluor: scence (XRF) of high-temperature ashes (HTAs) and mineralogic data
as determined by XRD of low-temperature ashes (LTAs) are shown. The
purpose in presenting this data is to point out the great variability
that exiats in inorganic contents of peat samples whether one is con-
cerned with HTA ash contents (0.38 wt% to 30.65 wt%), elemental contents
of HTAs (e.g., Si: 3.5 wi% to 42.5 wt%), or the abundance of specific
minerals (whether dominated by quartz [Si0y], bassanite [CaSO4'l/2H2U],
halite [NaCl], or amorphous material).



TABLE 1:

WELL- CHARACTERIZED PEATS

Sample Peat Type Humification Location Environment
#94 Sphagnum Fibric Minnesota Raised Bog
#95 Spruce, Woody Dicot  Sapric Minnesota Swamp-Forest
#96 Woody Dicot, Spruce, Hemic Minneso*a Swamp-Forest
Grass
#97 Sphagnum Fibric Maine Raised Bog
#98 Nymphaea Fibric Loxahatchee, FL. Marsh
#99 Sawgrass Hemic Loxahatchee, FL. Marsh
§10C Sawgrass Sapric Tamiami, FL Marsh
#101 Rhizophora Hemic Everglades, FL Brackish,
intertidal
#102 Taxodium Sapric Okefenokee, FL Swamp-Forest
#103 Nymphaea Hemic Okefenokee, FL Marsh
#104 Persea, Woody Dicot, Sapric North Carolina Swamp-Forest
Grass, Fern
#105 %¥oody Dicot, Spruce, Sapric New York Swamp-Forest
Fern
% Residual % Fixed
Sample %S Moisture % Volatiles Carbon % Ash
#94 0.05 8.75 74.14 24.04 1.82
#95 0.22 7.59 61.31 28.338 10.31
14 0.24 7.19 53.92 19.€3 26.45
#97 0.08 8.14 70.82 28.80 0.38
#98 0.66 7.65 67.61 25.90 6.49
#99 0.76 9.09 61.16 32.53 6.31
#100 0.62 9.26 59.67 29.32 11.01
#101 2.38 9.12 47.76 21.59 30.65
#102 0.28 6.55 59.20 26.38 14.42
#103 0.29 6.63 61.06 2€.95 11.99
#104 0.13 4.52 60.92 37.92 1.16
#105 0.50 10.19 58.65 28.44 2.91
NOTE:  After Raymond et al. (8).

Modeling the Occurrence of Inorganic Materials in Peats

No simple explanation exists for variations in the irorganic matter
of peat deposits. When considered separately, neither plant type, HTA
content, LTA mineralogy, surrounding geology, nor snecific contents of
certain elements will uniquely dofine the inorganic contents of a peat
deposit. However, geologic models for bog development that consider
plant types, depositional environments, and surrounding geology may be
used to account for the inorgunic contents seen in peats. The prats
described in Tables 1 through 3 represent a variety of different peat
types from many different. depositional settings. Thus they illustrate
variatiors in Lotanical, mineralogic, elemental, and ash compositions as
great as commenly observed in all peats. However, similar variations in
peat characteristics may occur within individual bog/marsh complexes.
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TABLE 2. MAJOR ELEMENT COMPOSITION OF HTA BY XRF

— - —

Element Uncer. # 94 # 95 # 96 # 97 # 98 # 99

Si% 0.1 28.8 25.3 27.9 7.8 11.8 6.6
Ti % 0.01 0.42 0.46 0.43 0.27 0.20 0.14
Al % 0.2 6.2 7.2 6.3 5.6 3.2 2.3
Fe % 0.4 3.4 3.6 7.2 3.3 6.0 2.8
Mn % 0.01 0.09 0.05 0.39 0.03 C.02 0.06
Mg % 0.3 1.7 2.0 0.96 20.3 2.0 4.1
Ca % 0.15 6.8 10.8 5.9 8.8 27.7 34.4
Na % 0.03 0.55 0.42 0.56 1.7 0.77 0.56
K % 0.04 1.2 1.4 1.6 0.79 0.34 0.24
P % 0.04 0.85 0.51 0.51 1.8 0.28 0.34
Element Uncer. § 100 4§ 101 4 102 4 103 4 104 4105

S1 % 0.1 3.5 15.9 41.9 42.5 256.5 10.3
Ti % 0.01 0.12 0.35 0.16 0.08 0.74 0.21
Al % 0.2 2.9 6.2 2.6 1.8 7.2 3.1
Fe % 0.4 12.6 2.4 0.87 1.7 5.5 3.4
Mn % 0.01 0.02 0.01 0.01 0.01 c.u2 0.18
Mg % 0.3 1.4 4.3 0.17 0.29 £.8 3.1
Ca % 0.15 33.5 3.8 0.16 0.2 1.8 33.8
Na % 0.03 0.34 10.7 0.16 0.19 1.1 0.24
K % 0.04 0.15 1.2 0.26 0.20 0.63 0.74
P % 0.04 0.25 0.27 0.37 0.17 0.64 0.5

NOTE: After R yuond ot 2l (8).
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TABLE 3:

MINERALOGY OF LTA BY XRD

Mineral # 94

§ 95 # 96 # 97

# 98

# 99

Quartz

Corundum
Bassannite

Alkali Fe.ds.

TR R >

Muscovite
Kaolinite
Smectite

Halite (w/Sodium Perchlorate)
Pyrite

Amorphous A
Ash % 1.8

Location MN

= = v
=

9.1 27.5 0.6

5.8

FL

5.8

FL

Mineral # 100

# 101 # 102 # 103

# 104

# 108

Quartz P

Corundum

Bassannite P
Alkali Felds.

Kaolinite

Smectite

Halite
(w/Socium Perchlorate)

Pyrite

Amorphous A
Ash % 11.2

Location Fl.

P

p
| A A
31.9 15.0 15.6

FL GA GA

A = Abundant ¥ - Ninor T

Present..

NOTE: ATter Raymond at ul. (8).



Such an occurrence has been described for the Great Heath of Little
Cranberry Island, Maine, by Raymond et al. (7).

The Great Heafh of Little Cranberry Island contains three majcr peat
types within 1 km“. The majority of the Beath is a Sphagnum moss-
dominated raised bog, composed of similar materials to peats #94 and 97
(Table 1). Surrounding the raised bog is a swamp/marsh complex con-
taining grass, sedge, Sphagnum moss, alder, tamarack, and skunk cabbage.
Swamp/marsh-deposited peat occurs both around the margins of The Heath
and under Sphagnum-dominated peat. Similar swamp/marsh communities
exist at the collection sites of peats #95, 96, and 104 (Table 1). A
third type, dominated by herbaceous aquatics, is present underlying all
swamp-marsh dominated peat but is present only as a minor botanical
community of The Heath. Similar herbaceous aquatic communities are
represeuted by peats #98 and 103 (Table 1), although ash contents of the
herbaceous aquatic peats of Cranberry Island are much higher. The three
peat types of The Great Heath have major differences in petrographic
characteristics, HTA contents, and associated mineralogies. In Figure 1
the relative mineralogic associations of the three peat types are shown
for three vertical sections of the deposit located along a transect from
the center of the deposit to its margin situated behind a cobble beach
berm. Mineral species become more numerous in the peat deposit both
approaching its margin and bottom. High ash contents and diverse
mineralogies are the result of the geometry of the depositional basin
and the proximity of surrounding mineralogic sources. Botanical varia-
tions in turn reflect alterations in nutrient levels necessary to sup-
port ecologic communities within the maturing bog. High ash contents
near the margin irrespective of peat type are the result of a very
proximal sediment source. Sulfur contents range from a low of 0.19 wt%
within the raised bog to a high of 4.44 wt% behind the beach berm where
the peat waz infiltrated by marine waters.

The Peat-to-Coal Transition

An important question is whether variations in inorgznic matter that
occur in recent peat deposits continue to persist in coal deposits. The
dissolution of certain silica-rich materials, suck as sponge spicules
and phytoliths, has been shown to be commonplace in underlying peats of
the Okefenokee Swamp [Andrejko et al. (17)] suggesting that some
inorganic components of peats are removed during peatification. On the
other hand, free silica recrystalliges to quartz through epigenetic
processes during coalification [Ruppert et al. (38)]. There is little
doubt that major transformations in inorganic matter occur during the
peat-to-coal transition. However, certain relationships between
inorganic matter in peats and coals can be shown to persist. For
example, both Recent peat and Miocene lignite deposits of Costa Rica
exhibit mineralogic traits that suggest similar weathering processes
must have affected the mineral-rich horizons in the lignites that are
now affecting mineral-rich horizons in recently deposited peats (Figure
2). Furthermore, relationships in sulfur contents of coals [e.g., Burk
et al. (39) and Raymond (40)] have been shown to correlate well with
hypothesized influence of marine waters during deposition of the coals,
as do sulfur occurrences in recent peats (see previous discussion).
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Figure 1: Association between mineral occurrence, peat type, HTA con-
tent, and location within the raised-bog/swamp-forest complex of the
Great Heath, Cranberry Island, ME, for three vertical peat sections.
HTA contents appear on the vertical sections. Qtz = quartz, Alb =
albite feldspar, Cor = corundum, Bas = bassanite, Pyr = pyrite, Kao =
kaolinite, Mic = mica, and Smec = smectite [after Raymond et al. (7)].

It is important, however, that investigators of coal properties that
aid or prohibit certain economic uses of coals need be wary when utiliz-
ing data from peat studies. For instznce, whether peat investigators
analyze mineralogic contents of LTAs or HTAs will provide very different
results (Figure 3). Even though HTA studies provide more information
concerning the slagging effects of resulting ashes, LTA studies of pea’s«
provide more information on which minerals might eventually end up as
inorganic components of coals. Furthermore, we have discovered that
anaiytical procedures developed both for proximate analysis of higher
rank coal [ASTM D 3172 (41)] and for moisture, ash, and organic matter
of peat materials [ASTM D 2974 (42)] appear to have poor reproducibility
for proximate analysis (moisture, ash, voiatiles, and fixed carbon) of
peats [Raymond et al. (43)]. For example, determination of moisture
evolution at 105°C can vary greatly depending upon peat san; le size and
humidity of the ambient gases (Figure 4), which in turn will cause
erroneous results with respect to volatile, fixed carbon, and HTA con-
tents.
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Figure 2: XRD patterns of mineral-rich horizons in peats and lignites
of Costa Rica resulting from: (A.) ash falls being deposited directly
into peat systems where alteration occurs within a low pH, reducing
environment and (B.) ash falls deposited outside of the peat systems and
transported to vhe peat deposits by fluvial means. K = kaolinite, G =
gibbsite, C = cristobalite, Q = quartz, S = smectite, Al = albite felds-
par, He = hematite, and P = pyrite.
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Figure 3: Differences in mineral occurrence between LTA and HTA of a
Sphagnum peat (PT#94). M = aica, K = kaolinite, B = bassanite, Q =
quartz, Al = albite feldspar, Co = corundum, and An = Anhydrite.
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Figure 4. A. Weight % of residual water evolv.ng from three peat
samples using 1.9 and 0.2 gm sample sizes vs. drying times compared to
water content determined using a moisture evolution analyzer (MEA). B,
Analysis of gases evolving irom a woody peat éPT#lOS) at room tempera-
ture and after extended drying periods at 107°C. The sample was heated
in a thermogravimetric analyser and evolving gases were analyzed in a
quad: opole mass spectrometer. Note, oxygen and nitrogen evolution cease
after smple was removed.
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Conclusions

Inorganic contents of peats can vary greatly in response to changes
in depositional/ecological environments. These variations can occur
both vertically and horizontally withi.. an individual peat bog, as well
as between geographically separated peat bogs. Even though specific
characteristics existing within peats may or may not survive coalifica-
tion, understanding the occurrence, form, and distribution of inorganic
matter in peats is a L. sinning to understanding similar occurrences in
coals.

Prediction of the I.rm and distr. ution of inorganic matter in a
coal deposit, however, requires more than just an understanding of the
distribution and preservation of inorganic matter in various peat types
and peat-forr+.g cavironments. Such predictions require an understand-
ing of the diagenetic alterations of inorganic components of peats
during late-stage peatification and coalification processes. Compara-
tive studies across the peat-to-lignite transition, including minera-
logic analyses, chemical analyses, geologic scttings, and the effects of
microorganisms will provide an insight into the genesis, alteration, and
variable distribution of inorganic matter in higher rank coals.

Acknowledgments

This work was supported by the Office of Basic Encrgy Sciences, U.S.
Department of Energy, under the auspices of George A. Kcistad. CQur
appreciation to Steve Chipera for always providing x-ray diffraction
analyses in a timely manner.

References

1. Cecil, C. B., Stanton, R. W., Neuzil, 8. G., Dulong, F. T., Ruppert,
L. F, and Pierce, B. 8., Inter. Jour. Coal Geol., v. 5, p. 1956-230
(1985).

2. Cohen, A. D., "The Petrology of Some Peats of Southern Florida (With
Special Reference to the Origin of Coal)," PhD thesis, The
Pennsylvania State University, 362 p. (1068).

3. Gohen, A. D., Geol. Soc. Amer. Bull. 84:3867-3878 (1973).

4. Cohen, A. D. and Spackman, W., Palaeontographica, Abt. B, v. 162, p.
71-114 (1977).

5. Cohen, A.D., Spackman, W. and Raymond, R. Jr., in: Coal and Coal
Bearing Strata, Recent Advances, A.C. Scott (ed.}, Geol. Soc. Spec.
Paper No. 32, p. 107-125 (1987).

6. Raymond, R., Jr., A.D. Trhen, and D.L. Bish, Inter. Peat Soc. Symp.
on Tropical Peat Resources; Prospects and Potential, Kirgston
Jamaica p. 170-856 (19886).

12



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Raymond, R., Jr., C. C. Cameron, and A. D. Cohen, Int. Jour. Coal
Geol., v. 8, p. 175-187 (1987a).

Raymond, R. Jr., Gladney, E. S., Bish, D. L., Coten, A. D., and
Maestas, L. M., Geol. Soc. Amer. Spec. Pub. (in press).

McCabe, P. J., in: Coal and Coal-Bearing Strata: Recent Advances,
A. C. Scott (ed.), Geol. Soc. Spec. Pub. No. 32, p. 51-66 (1987).

Mackowsky, M. -Th., "Mineral Matter in Coal," in Coal and Coal-
Bearing Strata, D. Mum:chison and T.S. Westoll (eds.), Oliver and
Boyd Ltd, London, p. 309-321 (196%).

Cecil, C. B., Stanton, R. W., Dulong, F. T., and Ruppert, L. F,
Geol. Soc. Amer. Abst. w/ Progs., 13:7, p. 424 (1981).

Fink2lman, R. B., Geol. Soc. Amer. Abst. w/ Progs. 13:7, p. 450
(1981).

Finkelman, R. B., in: Proceedings of the Basic Coal Science
Workshop, Houston, TX, 1981, H.H. Schobert (compiler), p. 69-9C
(1982).

Cameron, C. C. and Schruben, P., in: Proc. of Mineral Matter in
Peat Workshop, R. Raymond, Jr. and N. J. Andrcjko (eds.), Los Alamos
Naticnal laboratory report ILA-8907-CBES, p. 63-76 (1.883).

McCarthy, T. S., McIver, J. R., Cairncross, B., Eilery, W. N., and
Ellery, K., Geochem. Cosmoschim Acta (in press).

Beveridge, T. J. and Fyfe, W. S., Can. Jour. Sci., v. 22, pp.
1893-98 (1985) .

Andrejko, M. J., Raymond, R. Jr., and Cohen, A. D., Scanning
Electron Microscopy, 1982 (2), p. 620-638 (1983).

Bardin, S. W and Bish, D. L., in: Froc. of Mineral Matter 1. Peat
Workshop, R. Raymond, Jr. and M. J. Andrejko (eds.), Los Alamos
National Laboratory report LA-9907-0BES, p. 653-62 (1983).

Griffin, G. M., Sawyer, R. K., and Shekhar, R. M., Jour. Sed. Pet.,
v. 54, no.3, p. 861-888 (1984).

Gleason, P. J., 2nd Am. Quaternary Congre<s, Miami, FL, 46 p.
(1972).

Andrejko, M. J. and Upchurch, S. B., Florida Scientist 40:24 (1977).
Andrejko, M. J. and Cohen, A. D., A. D. Cohen, D. J. Casagrande, M.

J., Andrejko, and R. J. Best (eds.), Wetland Surveys, lLos Alamos, NM
(1984) .



23.

24,

25.

26.

27.
28.

29,

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Cohen, A. D., Jour. of Sed. Pet. 44(3):716-726 (1974).

Yeakel, J. and Spackman, W., Ninth Inter. Carb. Cong. (Abst.), p.
240 (1979).

Scherer, R. P., Cohen, A. D., Andrejko, M. J., Raymond, R., Jr., and
Gooley, R. (Abst.) Geol. Soc. Amer. Abst. with Pings., 14:7, p. 609
(1982).

Scherer, R. P. and Cohen, A. D., in Okefenokee Swamp: Its Natural
History, Geology and Geochemistry, A. D. Cohen, D. J. Casagrande, M.
J., Andrejko, and R. J. Best (eds.), Wetland Surveys, Los Alamos,
NM, p. 456-467 (1984).

Staub, J. R. and Cohen, A. D., Jour. Sed. Pet. 49:133-143 (1979).
Staub, J. R. and Cohen, A. D., Jour. Sed. Pet. 48(1):203-210 (1¢78).

Casagrande., D. J. and Erchull, L. D., Geochim. et Cosmochim Acta
40:387--393 (1976).

Casagrande, D. J., Siefert, K., Berschinski, C., and Sutton, N.,
Geozhim. et Cosmochim. Acta 41:161-167 (1977).

Casagrande, D. J. and Price, F. T., Geol. So:. Amer. Abst. with
Progs. 13(7):423 (1981).

Cohen, A. D., Spackman, W., and Dolsen, P., Int. Jour. Coal Geol.,
v. 4, p. 73-96 (1984).

Cohen, A. D. and Andrejko, M. J., in: Proc. of Mineral satter in
Peat Workshop, R. Raymond, Jr. and M. J. Andrejko (eds.), Los Alamos
National Laboratory report LA-9907-0BES, p. 77-86 (1983).

Davies, T. D. and Raywond, R., J:., in: Proc. of Mineral Matter in
Psat Workshop, R. Raymond, Jr. and M. J. Andrejko (eds.), Los Alamos
National Laboratory report LA-8907-0BES, p. 123-140 (1983).

Raymoni, R. Jr., A. D. Cohen, and D. L. Bish, (Abst.) Geol. Soc.
Amer. Abst. w/ Progs., 19:7, p. 813-14 (1987b).

Andrejko, M. J. and Upchurch, 8. B., Sixth Int. Peat Cong., Summary
of Papers, p. 21, Duluth, MN (1980).

Raymond, R., Jr., Bish, D. L., and Cohen, A. D. (Abst.), Geol. Soc.
Amor. Abstract with Programs 16:8, p. 631 (1084).

Ruppert, L. F., Cecil, C. B., and Stanton, R. W., Geol. Soc. Amer.
Abst. w/ Progs., 19:7, p. 827 (1987).

Burk, M. K., Deshowits, M. P., and Utgaard, J. K., Jour. Sed. Pot.,
657:6, p. 1080 67, (1987).

14



40.

41.

42.

43.

Raymond, R. Jr., Compte Rendu of the 19th Inter. Cong. of Carb.
Strat. and Geol., A. T. Cross (ed.), Southern Illinois Univ. Press,
p. 423-427 (1985).

American Standards for Testing and Materials. ASTM Stzndards Part
26, ASTM D-3172, p. 660 (1976).

American Standards for Testing and Materials. ASTM Standards
Section 4, ASTM D-2974, p. 494-495, v. 4.08 (1987).

Raymond, R. Jr., Bish, D. L., and Cohen, A. D., SEPM Midyear Meeting
Abst. v. 4, p. 69 (1987c).

1h



