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PHYSICAL AND CHEMICAL CHARACTERISTICS AND DEVELOPMENT OF THE CHANGUINOLA PEAT DEPOSIT OF

NORTHWESTERN PANAMA

A. D. Cohen, R. Raymond, Jr.
and G. Thayer

Los Alamos Natlonal Laboratory
Los Alamos, NM USA

ABSTRACT

A peat deposit occupying over BO square
kilometers, and averaging 8 meters in
thickness, was discovered on the Caribbean
coast of northwestern Panama near the town of
Changuinola. This deposit occurs inland
(behind) the present beach-barrier shoreline,
It e thickest in the center and thins towa~d
all edges (as if domed). The surface
vegetation in the central regions consists
primarily of ombrotrophlc plants (especially
sedges, grasses, Sphagnum, Sagittaria, and
various soattered shrubs). Toward the edges,
ths deposit has a surface cover of more
minerotrophic plants (such as swamp-foreat
trees, ferns, and palms).

Petrographic/botanical analysis of the
cdeposit with depth reveals the presence of
five peat types (swamp-forest, sedge-grass-
fern, bagitturia et 1l., Nymphaea et al., and
Hhizophorns. Rhizophora poats are rare,
oocurring only at the eastern edge of the
deposit near Almirante Bay; Sagittaria and
sedge-grass-fern peats are the most common
types, ocourring throughout the central
portions of tha deposit; and swamp-forest
peats ocour primarily at the base of the
deposit or toward '*s edges.

Typlically peats of the thiok, central
portions of the deposit are very low {n ush
and sulfur (less than 2% ash and 0.3%
sulfur), Ash contents tend to lncrease
abruptly at the base and more gradually
toward the edges of the deposit and sulfur
contunts increasing gradually Loward the
oean and bay.

Vertical and lateral varlations in botanical,
chemical, and physiocal properties of this
deposlt can he related to lfacturs that have
controlled (1) the surrounding rocks and
water chamistry, (2) the souror vogntation,
and (3) the anvironments tn vhierh thase
source ingrodlents wera depoaltad,

A. Ramirez

Inat{tuto de Recursos
Hidraulicos y Electrification
Panama, Central Amerlica

INTRODUCTLON

Purpose and Scope

The purpose of this paper is to give a brief
overview of the geometry and chemical and
physical properties of a newly-discovered
peat deposit near the town of Changuinola in
northwestern Panama (Figure 1). Thia peat
deposit is of interest to us for two reasons:
(1) it is formed In a troplical, back-barrier
setting and ls, consequently, a good analog
for certain types of ancient coal seams, and
(2) it is being evaluated as a possible
source of fuel for an electrical power plant
for the town of Changulnola. Both of these
areas of Interest require detailed
charaoterlization of the deposit, the former
to better understand and predict the economic
charaocteriatics nf cocal seams and the latter
to determine the requirements for mining and
design of the power plant. For a more
detai{lea treatment of the methodology and
disoussions of results, see Cohen et al.
(1987).

Geomorphic and Geologlc Setting

The Changulnola deposit was formed on top of
recent uncon~~'!dated sediments behind (and
roughly parallel tu) a beach-barrier feature
that extends continuously to the southeast
for about 10 kilometers (Figure 1), The Rio
Changuinola delta forms the northwestarn
boundary of the deposit and a low mountain
range contalining Upper Cretaceous to Miocene
sodimentary and voloanlo rocks forms |ts
southwestern boundary. Miocene rocks of the
Gatun Formation, conalating of shales,
mudstonaes, sandstones, coals, conrr\omerates,
and pyroclastios orop out closest to the poat
at i{ts southwestern border and may extend
beneath the peat. Almiranta Bay borders the
deposit to the southeast.

PEAT DEPOSIT QFOMETRY

Figura 2 {8 a poat thioknosa map for the
Changuinola deposit. Since no topographic
map of the upper surfage hpa yaet beon madn,
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It 1s diffioull for us vo know for certaln
whethert (1) the uppe: surface of this
deposit 1s flat and the peat has formed in a
depr ~sslon) (2) the underlying surface s
flat and the peat ls domed; or (3) the peat
formea in a deprescion but later was domad,
As of this writ ng, a tepographic survey i
baing conducted so that our noxt report will
contaln this informacion. Howeve~, due to
the high rainfall and .he ombrotrophic nature
of tha surface vegetation, it s likely that
som: doming has ocourred and we would proposao
the hypothellical geomutry lllustrated by
Figures 33 and 3b to explain Lhe peat
thioknoss. Noto that a flattened dome would
Acgount bunt for Lhe vagatational pattern
obasrved for thiy arca., Dense troploal
foreat vegetation nccurs around the edgnn,
where the pant (a ralatively shallow. On tha
other hand, the onntral area {8 fnhabited
primarlly by low herbacaous planta such as
Figure 21 Peat thickness (om), Changulnoln sudges, grusans, jwat moss, fernc, and other
anama, herbaceous plants that oan exist in wet (but
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Flgure 3a: Schematic cross section and vegetatlon types, Changuinola peat deposit, Panama.
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Flgure 3b: Schemitic longltudinal section of Changuinola deposit (not to scale).

not pond-like), nutrient-poor conditions.
Scattered wetland shrubs and shrub hammooks
are also present in this central area, as are
floating aquatic plants {n the occasional
small shallow pond. Contrary to mos: of the
solls and vegaetation maps of Parama, the only
mangrnve vegetation covering this wetland
region s present along the contaet of this
primarily freshwater wetland with Bahia
Almiranta,

PETROGRAPHIC/BOTANICAL COMPOSITINN

Flgura I ahows the microscopically-definnd
paat types deturmlined fi‘om coras reprasenting
cross saction (A-A') and longitudinal nection
(B-B') (noe Flgure 1),

The samples are groupad intc six peat types
based on their botanical composition: (1)
freshwater swamp-forest peat) (2) sedge-
grass-forn peat) (3) Saglttarla et al, pent;
(4) Nymphaeu-Sagittaria peati (5) marine
gnlggfgori-TmnngrovaT-Fenb| and (6)
transftlonal brackish-wator peat,

The Rhizophora (mangrove) and brackish
transitional peats were found only at the
basy of core BDT-3, which occurs near the
odge of the deposit at |ts boundary with
Bahia Almirante.

The froeshwater swamp-forest pnat wan found In
nll Areas and was nspecinlly persistant in
minat al=rich places sugh an at the bann of
most all gores and toward the adges of the
daposit, Nolm the Interfingering of thi.
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Flgure U4: Sectlonal profiles A-A' and B-B'
through Changuinola peat depos't showing pesat
types.

peat type with the Rio Changulnola flood-
plain sedimente at the northwostern edge of
the deposit and Also its presence as a
surface layer at the northeastorn and
southeastern adges of the deposit. This peat
type consists of a diverse mixture of
frashwater swWwamp treaes, snrubs, and vines
with ferns and troplocal broadleaf harbaoeous
plants as common assocliates. Palm dabris
(probably Raphia) was alsn encountered
ontacionally {n peats of this type (but only
near tha surface).

The most qommonly occurring peat types
("Sedge-grass-fern" and "Sagittaria et al.")
reprasent “reshwater, opan-marsh settings
characterlzied by very shallow water and
ephemaral dry puriods. The Saglttarlia-
domlnated peat typr reprosents S1ightly
walter conditions than the sedge-graas-fern
type. Evon wotter aonditions (l.e. arens of
ponded water) are reprasented by the prasance
of a Nymphagia-cominatea paat type. Note that
thls poAat type nrver occurs near the tops uf

any cores (within less than 1-1/2 m of the
surface), suggesting that persistent deep
water conditions (ponds) have been rare {n
this reglion In recent times.

FIBER CONTENT

Figure 5 shows the frequency at which samples
of each peat type fall into one of the three
fiber categories used for clasasifying peats
in the ASTM classification system (l.e.
"fibric," "nemic," or "sapric") (ASTM, 1987).
Since too few samples of mangrove or
transitional peat were encountered, these
types were not included on the graphs. These
flber categories generally represent the
degree of decomposition of plant tissues
composing a peat (that ls, the greater the
quantity of fibers, the less is the degree of
deromposition).

Increasing persistence of standing water
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Figure 5: Fiber frequenoy of peat samples
from Changuinola, Panama (fiber determined
mioroscoplically as area %); F = fibric(67-
100%); H = Hemic (34-67%); S = Sapric (0-
33%).

The peat typen are shown from laft to right
in order of increasing porsistence of
standing whter, Note that the occurrence of
fibric peoat increases from left to rlght and
gaprlo peat dacreases from left to right.
Thus, swamp-forast peat samples (which form
under drler conditlions) ara more llikely to be
morae dacompodad than Nymphaea or Saglttarlia
peats (thot form under wetter conditlons).

ASH CONTENT

Filgura 6 shows the ash contunt of cores taken
nlong aroas section A-A', Cores 22 and 2C
woere taken in the traeless central part of
the deposit. The ash content of the peat In
this are1 ls very low (gencrally leas than
), Note that ash contant lncreasas toward
the nadges of the deposit.
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Figure 61 Sectional profile A-A' showing ash
content of cores with depth (Changulnola,
Panama).

The two smal)l ash peaks In core BDT-22 are
exactly the same distanca apart as are the
two aah peaks in core BDT-20. It {s, thus,
very likely that these peaks were produced in
both areas at the same time. However, the
peaks In core BDT-22 are approximately 120 cm
higher In the saection than are the peaks in
corw BDT-20. This probably results from the
fact that we do not at this time have a
topographic mad of the surface of this
deposit and have consequently made the
surface of the deposit a horizontal line.
Howaver, either a differance {n the surface
topography or in the topography of the
surface beneath the peat (or both) might
explain this offset. Furthermore, the
sources of the inorganic materlals that
produced these peaks are still unknown. If,
for example, the source is windblown
inorganiaos (e.g. volcanic ash), then this
material could have been deposited at all
elevations on a domed (i.e. ourved) surface
At the same time. On the other hand, note
that there {s a slight increase !n parcentage
of ash In both peaks from core DT-22 to core
BDT-20. This would indicate that the source
of these Ilnorganlics might have heen from thn
rortheast (ocean side) suzggesting (but not
proving) a maurine origin for thesn
inorganics. 1It ls also possible that a
tributary of the Rio Changuinola once
ooourred to the northeast of core BDT-12.
This river would have flowed roughly parallnal
to thoe beach-barrior shoreline feature that
presnantly bounds the swamp on [ts
northaastern sida.

FIXED CARBON AND VOLATILE MATTEPR

Fixed carbon and volatile matter tended to
exhibit an inverse relationship Lo each other

80 that dlagrams of fixed carbon content were
sufficient to depict tho distribution of both
parameters,

Figure 7 shows fixed carbon (ash-free) with
depth along cross section A-A'. Note that,
with minor fluctuations, fixed carbon tended
to increase with depth. These minor
fluctuations are probably caused by the
variability of peat types with depth, since
different peat types undoubtedly have
inherent differences in fixed carbon
(resulting from inherent differences in
chemical composition and environments of
deposition).
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Figure 7: Sectlonal profile A-A' showing
fixsd .arbon (dry, ash-free) with depth
(Changuinola, Panama).

CALORIFIC VALUE

The average calorific value for 62 zampl=as of
peat from the Changuinola area was found to
be 10,000 BTU/1b (dry) with a range of 8,824
to 11,310. On an ash-free basis, these
values were 10,375 and 9,U456-11,5u1,

Figure B shows BTU/lb (dry), for cross
saction A-A', Note that In the thickar
aent."a) portion of tre Changuinola daeposit
(BDT-22 and =-20), there I8 a tendenay for BTU
(1) to be slightly lower at the top of the
cores, (?) to inorease graduaily with depth
(vut with numerous fluotuations), and (3) to
decreaso abruptly at the base of the core,
where the ash content goes up. As previously
suggested, these fluotuations cannot be
aocounted for entirely on the basis of
increasing or deoreasing mineral matter
contont, even though a general trena toward
decreasing BTU with incroasing ash can be
shovwn to exist for all samplus from the
Changuinola area. It {s more likely that
these trends raflect variations in poat types
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Figure 8: Sectional profile A-A' showing
BTU/1b. (dry) with depth (Changuinola,
Panama).

({.e. chemical differences in original plant
source ingredients) as well as differences in
ash content, All of these differences may
also be affected by the geographic positions
of the core sites relative to the geometry of
the deposit (e.g. domes or subsurface
depiressions) or to surrounding geomorphologic
features (such as shorellnes, mountains,
rivers).

SULFUR CONTENT

Figure 9 shows total sulfur contents of the
Changuinola peats along sectional profiles A-
A' and B-B'. Total sulfur contenis in the
central , thicker portions of the deposit
(BDT-22 and -20) are very low, averaging
about 0.2% (dry wt.). Note that average

sul fur contents tend to lncrease toward the
Caribbean ocean (SW to NE) and toward
Almirante Bay (NW to SE), with the highest
values being near the brackish bay rather
than the more sallne ocean, These
relationships of sulfur to marine conditions
are consistent with those observed in many
other coastal peat deposits of the world
{e.g. in southern Florida (Cohen et al.,
1984)].

The dramatically higher sulfur values
encountered below about 180 em Iln core BDT-3
reflect the prusence of brackish and marine
mangrova paats (see previous petrographic/
botanical descriptlons.
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Figure 9: Sectional profiles A-A' and B-B'
showing total sulfur content versus depth
(Changuinola, Panama).

ORIGIN AND DEVELOPMENT OF DEPOSIT

One hypothetical explanation for the
development of the Changuinola peat deposit
and {ts associated lnorganic sediments is
given in Figure 10. The sediments directly
beneath the peat deposit appear to be of
marine origin and probably formed when the
Caribbean shoreline was as shown in 10a. The
Changuinola delta would have developed during
a time of relative sea-level stability or
regression. At a later time, marine
transgression might have caused the delta to
be eroded and begun formation of the spit
(10b), Continued development of the spit
(100) and eventual restriction of the opening
into Bahla Almirante (10d) would result (n
freshwater peat formation as shown in Figure
10e. More rapid marine transgression would
result Iln reopening (or widening) of the
inlet betwoen the malnland and Isla Colon,
arosion of some of the previ{ously-formed
peat, and widening of the bay (10f).
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