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< ABSTRACT

Caymanite is a laminated, multicoloused dolostone, -«
which was déposited as a cavity filling sediment in the
OLigocene—Miocene Bluff Formation, on Qrand Cayman_Islénd.
Cavities and caverns, forméd by karst processes and the
leaching of fossils, were filled by .sedimentation from
moving water 1in the vadose zone. During“ééposition,
sedimentary strucﬁure;J including cross- and parallel
laminations and chahnels, were formed. Anhedral dolomite is
the main constjtuent of caymanite,'whife the coloured h
laminae also contain manganese, iron, nickel and coppér. The
aolomite was probably derived from the fine érain size
fraction of swamp sediments, and was brought into the
cavities by high volumes of sea and rainwater.

The metals were derived from the tern) rogsa soils and
were transported into the cavitiessby g;oundwaﬂgrs
percolaf&ﬁg down through the host dolostone. Once in the
cévities, ghe metallic elements werfe oxidized by, and.
precipitated onto éphqroidgl and elongate bacterial
colonies. The manganese mineralization has pigmented laminae
bla:k and grey, and Zron.mine;ali;ation has pigmented
laminae red and orangé. ‘
.. ‘Hurricane and séorm se¢asons are possible periods during

which caymanite might have been deposited, thus caymanite

formation was probably a long, continuous process.

iv
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I. INTRODUCTION *

A. LOCATION AND TEGTONICS

N

Grand Cayman Island is 250 km south of Cuba, 28C km

north-northwest of Jamaica, and 100 km west-southwest of N
Cayman Brac/ and Little Cayman Islands (Fig. 1). The island
. (.

1s on the Qayman Ridge which forms the northern wall of the
seismically active Cayman Trench (Perfit and Heezen 1978, p.
1156). The Cayman Islands are part of.a‘dynamic geologic
system since the trench forms part of the onndar%;gftween
the North American and Caribbean plates (Pinet 1971; Pinet
1972; Ballard 1976; Perfit and Heezed 1978). The northern
trench walls are experiencing left lateral strike-slip
movement (Perfit and Heezen 1978, p. 1156). The Cayman Ridge
has been subsiding.since the Miocene; pfeviously it was a
"... shallow carbonate bank..,f‘(ﬁerfit and Heezen‘1978, p.
1172). The Cayman Islands, Jamaica and much of southern-
Cuba, however, have undergone localized uplift since the
middle Miocene (Matley 1926; Perfit and Heezen 1978, <
1172) Diégenetic evaluation of the dolostone of the Bluff
Forh%éion by Jones et al. (1984) also indicates recent

uplift of the island,

B. CLIMATE j .ot
The climate on Grand Cayman Island is affected by the
Tradewinds, which-are predominantly:from the east (Sauer

1982). The Cayman Islands. are described as a "...crossroads

1



for cyclones generated both in the North ‘Atlantic and within

the Caribbean” (Sauer 1982, p. 2), hence cyclones occur on
the i1slands at least once per decade. These storms greatly
disrupt-vegetation and any rock and sediment which is poorly
lithified‘or loosely attached to 1ts substrate.

* .

The average temperature 1n summer 1s 28°C and 1n winter
24°C. Precipitation 1s at 1ts lowest between December and
April; betﬁeen May énd November 1is a rainy season. The
southwesterh part of the island has higher annual rainfall
(150-165 ﬁm/yeari than the rest of the island (which
averagges 125 cm/yeéf)(Sauer ]982).

‘vTectonic q§ta do not 1indicate major movement of Grand
Cayman Island duriﬁg or after the Miocene (Perfit and Heezen

1978).7Therefofe 1t is likely that the island has been under

the same climatic conditions since the formation of

Y
1%

caymanite.
g

3
»

C. KARéT TOPOGRAPHY
‘ The karst £épagraphy‘developeé on the Bluff Formation
" of Grand Caym;n Island:in§olves a complex‘%rray of
sinkholes,. joints, and-r;zof~edged phytokarst pinnacles. The
" Bluff Formétion ﬁag'é.éohsésfehtiy developed (rather than
) patchilydeve%oped) rai;wgtér solution karst system which
h§s produced éracks, caies, Eavities, énd figcsures. Joints
havelpggdienlarged, and some ieachﬁpg of fossils has
| ocgurféé. Phytbkarsf (Figi‘2a), wh&c% is prominent at Hell
and%¢a§§an~Rai (Fig._3),;is'producea by’;he boring~énd
4 ‘ - .

" .o
[ “6; . : N
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. Figure 2

Figure 2a: General view of phytokarst at Hell showing the

blackened pinnacles of dolostone of the Bluff Formation. The

.areas between the pinnacles are filled with unconsoclidated
organic-rich sediment that has a high-water content.
Photograph courtesy of B. Jones.

Figure 2b: Example of a smooth-walled cavity in the Blufft
Formation which probably resulted from dissolution of the
dolostope rather than leaching of skeletal material.
Stalagmites and red clay occur in the cavity.

Figure 2c: Example of eldngate cavitigs created by leaching of

: coral skeletons. The "strands” in each cavity are
micrite-filled borings that were developed in the original
corals but not affected by later dissolution. Red clay coats
the walls.

Figure 2d: Caymanite filling a leached coral. Note the
cross-laminations as well as the relationship between the
colours of the various laminae.






Figure 3
Map of Grand Cayman Island showing sample localities referred to
in text. (1) Hell, (2) Pedro's Castle Quarry, (3) High Rock
Quarry, (4) Blowholes, (5) East End, (6) Collier's Bay, (7)
Tortuga Club, (8) Great Bluff and (9) Cayman Kai.
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solution action of algae and fungi. It is distinctive
because of the "...black coated, jagged pinnacles marked by
delicate, lacy dissection that lacks any gravitaticnal

orientation..."” (Folk et al. 1973, p. 2351).

D. GENERAL GEOLOGY

Various aspects of the geology of Grand Cayman Island
have been described by Matley (1926); Doran (1954); Warthin

(1959); Rehder (1962); Mather (1972); Brunt et al. (1973):

Folk et al. (1973); Folk and McBride (1976); Emery and
Milliman (1980); Emery (1981); Woodroffe et al. (1983) and
Jones et al. (1984).

Grand Cayman Island is comprised of two formatipns
(Fig. 4). The Oligocene-Miocene Bluff Formation (Matley
1926, p. 355) which is white on a fresh surface, comprises
dense, crystalline, dolostone. It is sufficiently hard to
sound metallic wheﬁ struck with a hammer. Corals, algae,
molluscs and foraminifera, although commonly ieached to
various degrees, are common in the Bluff Formation. This
subhorizontally bedded dolostone probably originated as
shallow water sediments (Matley 1926; Emery 1981).

Diagenesis of.the Bluff Formation has been extensive .
(Folk et al. 1973; Jones et al. 1984) and includes
dolomitization, partial and complete leaching of fossils,
and on a microscopic scale, the formation of many phases of

pore and cavity lining cements (Folk et al. 1973; Jones et
' / 93

al. 1984).



The diagenesis that altered the Bluff Formation did ﬁot
affect the Ironshore Formation, which uncontformably overlies
the Bluff Formation (Brunt et al. 19$3), and dominates the
western part of the 1sland (Fig. 4). Although the surface of
tﬁe Irorshore Formation has been casehardened during
subaerial exposure to form a calcrete crust (wWarthin 1959,
p. 649), the underlying rock is poorly consolidated. These

rocks consist of "... poorly consolidated reef limestones,

65105renitesvof varying origins and lagoonal muds and’

@

sands..." (Brun£ et al. 1973, p. 211). -

The hydrogeology of the island has been docuﬁentqdl;ﬁd
discussed by Mather (1972) and Bugg and Lloyd (1976). Theréj
are three freshwater lenses in thelsdbsurface of Grand
Cayman Island (Mather 1972, p. 157). One is near Pearo's
Castle Quarry, a second is near High Rock Quarry, and the
third 1s near East End (Figq. 3). Only :he third and
easternmost lens occurs exclusively in the Bluff Formation,
while the first and second lenses occur in both the Bluff

band Ironshore Formations, reghwater diagenesis has
affected, and is currently affecting the subsurface Bluff
Formation (Mather 1972). These lensesvare aﬁ important
‘consideration because of the diagenetic'effect they @ay'ﬁave
had on the dolostone of the Bluff Formation (Jones et al.
1984) or on caymanite.
Cavities and cavesﬁcreaﬁed either by diagenetic
leaching, or by karstlprggfsses are common in outcrops of'

the Bluff Formation (Figs. 2b and c). The sizes of the caves
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and davities are extremely variable, the smallest bei;g less
t ﬂ_oné cublic centimetre. Some cavities are filled with a
dense, multicoloured (black, grey, thte, buff, orange,
’pink, and red) lamihéted dolostone, called caymanite (Fig.
5). Although caymanite occurs in less than one half of these

cavities, it is the most common type of cavity fill. Other

: A ~ ‘ : LR
types of cavity fll% are flowstone, stalagmites and ax

stalactites, and more rarely, dolograinstone. Caymapite 1s

less common 1n the inland localities (Fig. 3) than those
along the coastline. Similarly, caymanite is more common in
the eastern part of the island.

The term caymanite was coined because the Caymanian
- s
people cut and polish it to make .#emi-precious gemstone

jewellery. The vivid colours and intricate sedimentary
structures of the laminae make interesting and beautiful
jewellery, and al$d pose enigmatic scientifeic quéstions,

’ 4
These problems are addressed in this thesis.

E. P;évx OUS WORK ‘ ,

The occurrente of/caymanite.has been documented by Folk
et al. (1973); Folk and McBride_(1976); Stoddart (1980); and
Jones et al. (1984). Félk and McBriée (1976,7p. 666)
>suggested that caymanite might be a geopetal fill of
soiution channelways in the Bluff/Fo;matiop. Stod@;rt (1980,
p. 13) noted that caymanite has been found on Grana Cayman

and Cafhah Brac Islands but.not on Little Ca§man, and thit

.1t is "apparently a fi%sure-fill". Iq}a'jewellery shop on



Figure 5

Caymanite sample comprised of a minimum of six generations of
brown and red laminae. Channels, channel fi1lling laminae,
variable grain sizes, geopetal filling (gp) are prgsent.
Generation 6 occuples a partially leached fossil. Sample
courtesy of B. Jones.
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s
Grand Cayman Island, a note acgcompanying a dispiay of

caymanite jewellery suggested that caymanite is of volcanic

sedimentary origin, although the shop owner could provide no

further information. No written accounts of any similar

cavity fi1ll material are known to the author. One hotel in

Cancun, Mexico, has slabs on the floor of its lobby which

\\\contain rocks 1dentical to caymanite (B. Jones 1985, pers.

ggffr). Unfortunately, the origin of these rock slabs is not
known.
F. OBJECTIVES

There 1s relatively little information regarding

caymanite. Therefore, this thesis documents and considers:

1.

the

controls on the occurrence of caymanite in the Bluff

Formation of Grand Cayman Island.

the

chemical composition of caymanite, and its effects

on the macroscopic form of caymanite, such as

pigmentation.

the

petrography of caymanite to assess its macroscopic

compositioq.

the
the
the
was
the

the

micropaleobiology of caymanite, and its effect on
macroscopic form of caymanite,

environment of formation of caymanite: whether it
submarine, subsurface meteoric or subsurface vadose.
method of sediment deposition or precipitatioﬁ.

~

overall geological significance of caymanite.



G. METHODS OF STUDY

Caymanite was examined:
in the field in order to document :ts megascopic

features and 1ts relationship to the hast Blut!

ry v

formation. In all, nine localities were studied in

detail (Fig. 3): seven in the coastal regions and two
inland (Fi1g. 3).

In approximately 55 hand speciﬁens to document
macroscopic relationships between laminae of caymanite:
to deterd\ne the presence of any colour sequences ér
structural relationships common to several deposits of
caymanite; and to examine the types of cavities filled
or partly filled by caymanite.

In 24 thin section to determine crystal and particle
sizes; the interlaminae relationships; and the presence
or absence of fossil fragments.

On the SEM, 16 samples, to determine mineralogy, crystal
sizé, the structures of the bacterial remains, and to
examine the particles which impart the pigmentation to
the caymanite. | )

Whole rock analyses of different colours of six

caymanite laminae provide an accurate list of the

chemical compositions of caymanite.
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B ﬁx . "LABORATORY METHODS ) , .
- ’ ) . .

l?i Caymanite was examined in handsam?le, thin sect}@n, and
'§§ on the Scanning Electron Microscope (SEM).~Selected sZmples

:;‘of caymenite were chemically analysed by A. Stelmak.
e

R

‘qgh{‘ Hand samples were collected in the field and, where -
lnéossible, tht way-up of the caymanite was m&rked on the
sample.‘Most of the samples collected, h?wever, were from
boulders, which resQlted from dynamite blasting of the Bluff
. -
Formation duringdcons@ruction of the coastal Queen’'s
highway, o? dufing excégé?ion«of the two dolostone quérries
(fig.33). Thelstratigraphic'lops of these samples .were not

marked, although they can be extrapdlated, In some cases, by -

examining the ¢ut and fill structures that are present 1in
some of the caymanite laminae. . o

Selected samples of caymanite and the host rock were

cut into centimetre thick slabs. By examining these slabs,

caymanite could be determined. ﬂ
: 2

Preparation of thin sections of the cayménite‘using\

1

water caused glass slides to shatter. This problem was

the three dimensional attitude of the laminag in the k;

overcome by using kerosene as the cutting medium. The
dolomite crystals in caymanite are generally 5-10u (longest
‘axis); thus dolomite crysfals cculd conceivably be stacked
six high in a standard 30u thin section thick.'Thislstacking
of cfystals,made.tﬁin section examination of an individual .
crystalﬁdifficult, but by grinding the thin sections with
1QQOu?gri£ powder and thinning them to approximately 15u;
;“)‘ | . ’



the optics imbroved markedly.
To highlight porosity, nine thin sections were
t
impregnated with blue epoxy . The thin sections were <tained
with Alizarin Red Solution (ériedman 1959) which stains
calcite red but does not affect‘dolomite.

:Caymanite was examined with the SEM. Small fragments of
red, white, and black caymanite were mounted onto SEM stubs
and then coated with gold. Analysis. of the constituent
crystals of the caymdnite was achieved by using an EDX
analyser attached to the SEM. In this way it was. possible to
match compositional data with morphological data.

Whole rock analyses were carried out on two red, two
white, and two black caymanite samples, ané on the Bluff
.
Formation dolostone. These are quantitative evaluations of
the composition of caymanite, rather than the gqualitative
evaluations provided by thin section and SEM examination.

~

The whole rock analyses were conducted for the following
components: loss on ignition, calci;m, magnesium, sodium,
iron, manganese, potassium, nickel, aluminium, lead, copper
and titanium. The dolostone of the Bluff Formation was
analyzed for'ﬁts manganese content. One terra rossa sample
wds analysed,.for calcium, magnesium, manganese, iron and
aluminium?

Thin section photography was carried out using a Carl

Zeiss polarizing photomicroscope. All of these photographs

were taken with Kodak Panatomic X blact and white film.

/ -
, -



I1. FIELD RELATIONSHIPS

A. RECOGNITION OF CAYMANITE

On weathered outcrop surfaces and those affected by
phytokarst, caymanite can be difficult to recognize. With
experience, however, it 1is possible to recognize such
caymanite by the weathering patterns; the host rock is
non-laminated while differential weathering commonly
accentuates the laminations of the caymanite (Fig. 6¢c). At
seme localities the red and orange colours of the caymanite
' are suffiéiently intense to be visible through the
phytokarst. On freshly exposed outcrop suréaces, the
textural and colour contrasts between the white.hostl

dolostone and the coloured caymanite highlights its

occurrence.

B. GEOGRAPHIC OCCURRENCE

Caymanite has only been found in the dolostone of the
Bluff Formation. Virtually all éutcrops of the Bluff‘
Formation were examined for caxmanite. Most samples of
caymanite came from exposures in the east and northeast
parté'of the island, and in particular from exposures close
to the céastiine (Fig. 3). Access to the centre of the |
island is difficult. The only exception is High Rock Quarry
(Fig. 3) which provides excellent exposures of the Bluff

Formation: Little caymanite, however} was found in this

quarry. Despite the imposed geographic bias to the sample

18



Figure 6

Figure 6a: Three dimensional exposure of caymanite that
highlights the lateral continuity of the laminae.

Figure 6b: Irreqularly shaped cavity formed through the leaching
of a coral, partly filled with caymanxte

Figure 6c: Example of a weathering surface in the Bluff Formation
showing how differential weathering highlights the caymanite
against the massive dolostone of the host formation.

Figure 6d: A cavity formed by dissolution, partly filled with
caymanite. The beige angd white laminae in this cavity are
typical of the caymanite found in High RoCk Quarry, Locality
3 (Fig. 3).

Figure 6e: Example of numerous small cavities in a small area,
each filled with caymanite. The order of colours in each
caymanite succession and the attitude of the laminae is
different from cavity to cavity. Photo by B. Jones.
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locations, cayman:ite would appear to be more common in
doastal exposures of the Bluff Formation, such as at Kayman
Kai1, Pedro's Castle Quarry, Blowholes, East End, Colli&g's
Bay, and Tortuga Club (Fig. 3). o ‘
Construction of the Queen's Road 1n 1981-1982 involved
considerable blasting of the Bluff Formation. These fresh
outcrops provided excellent exposures of the dolostone and
‘the associated caymanite. The outcrops on the northeast and
eastern parts of the i1sland have the most brightly coloured
caymanite on Grand Cayman Island. Where red and orange
caymanite occur on the island, such as at East End, the
locality typically has vegetation and terra rossa soil on
the surface. Similarly, where no or rare orange and red
laminae occur, little or no vegetation has inhabited the
surface, such as at Hell or Cayman Kai. This; however, may
be a false correlation because there is no guarantee that
the vegetation patterns were the same when the caymanite

actually formed.

C. STRATIGRAPHIC OCCURRENCE

Caymanite -occurs in cavities that were created by the
leaching of fossiis, or by the dissolution of the host rock.
These cavity forming processes could have been subject to a
stratigraphic g%ntrol, such as soluble strata,<é§vel of the
water table, or the position of fossils in the origital

rock.
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There is some evidence to suggest that there may be a
stratigraphic control on the occurrence of caymanite. For
.
example, at Pedro's Castle Quarry (Fig: 3) the number and
size of cavities filled with caymanite apparently decreased
with depth on the guarry walls. The workers at Pedro's
Castle Quarry noted that caymanite is extremely rare in the
Bluff Formation at depths greater than 10 m below the
surface. Along the east and northeast parts of the island
~there 1s a wave cut notch in the Bluff Formation that is
about 3 m above the level of the highway. The abundance of
chymanite at the same approximate stratigraphic level,
slightly below highway level, is striking. At Locality 8
(F1g. 3) there are -large surface area exposures (each is
approximately 3 m?) of caymanite slightly below the level of
the highway. These examples suggest that there ma; have been
an element of stratigraphic control on the distribution of
caymanite.

Some céymanite occurs in small cavities that appear to
have a random distribution. Most cavities of this type were
formed by the leaching of fossils. Their distribution is
thus a function of the original depositional fabric of the
Bluff Formation. This type of caymanite (Figs. 6b; 7; 8) is

found at most localities around the island (Fig. 3).
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Figure 7 i

Negative photographic print of thin section show:ng attitwude of
Caymanite lamlnae 1n a cavity that was created by the
leaching of a colonial coral. Tortuga Club, Locality 7 (Fig.

3). Arrow indicates the way-up of the sample. Note the highly
variable angles associated with caymanite laminae.
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Figure 8

Negative photographic print of a thin section showing caymanite
formed in a cavity that was created by the leaching cf a
sclerosponge (open arrow). Note attitude of lamimae and void
(v) which was formed by dissolution of the caymanite. The
scratches are from the original thin section. The solid black
arrow 1ndicates way-up. Tortuga Club, Locality 7 (Fig. 3).






D. DIMENSIONS AND SHAPE

Caymanite occurs :1n cav.t.es as sSma.il as two
miliimetres and as large as two @etges, iongest ax.s.
Voium;nous caymanite occurred at Pedro’'s Castle Quarry where
1t occurred 1in a sheet that was 0 m long, and up to °~ m
thick (Figs. 9, 10). There were also well exposed caymanite
units on the northeast coast of the i1sland. At Locality 8
(F1g. 3) the caymanite covers an area of 3 by 2 m. The
largest single piece of caymanite observed (1.5 x 1.0 x (.5
m) 1s in a jewellery shop at West Bay. Seguences with a
maximum dimension (vertical or horizontal)/gf?éter than 1 m
are rare. Some cavities hosting caymanite, whether randomly
positioned leached foésils or stratigraphically controlled
caves, are not completely filled with caymanite (Figs. 6%
and @). This indicates that deposition of caymanite ceased
to occur 1n those cavities, either because the
transportation channels became blocked, or sediment was no
longer available.” This is important since it demonstrates
the temporal aspect of the development of caymanite.

The boundary between the host rock and the caymanite is
variable. A cavity created by the leaching of a fossil
t¥pically has a ﬁore irregular outline than one created by
kar;L solution processes (Figs. 6b and d). Caymanite does
not however, exhibit a prefer;nce for one type of cavity
over the other. In both types of cavities, there is
typically a tﬁin (less than 1 mm thick) band of orange or

beige dolomite (limpid dolomite) around the entire cavity
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Figure 10
Sketch of cave 1n Pedro's Castle Quarry to accompafly Figure 9,
showing four (types ©f Tave filling material. Voids above the

flowstone indicate that cave sedimentation ceased before the
cave was entirely filled. BFm = Bluff Formation.
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wa.l which separates the host dolostone from the caymanite

(Fig. 1'c).

E. THREE DIMENSIONAL EXPOSURES

At various localities on Grand Cayman Island there are
three-dimensional ex,osures of caymanite. Such exposures are
impcrt%ht because they allow determination of the three
dimensional attitude of the laminae 1in the caymanite (Fig.
6a). To further understand the three-dimensional form of the
caymanite laminae, large samples of caymanite were serially’
sectioned.

Cross bedded, variably thick and subhorizontally
oriented laminae are common in caymanite. Cross bedding is
seen among laminae which are several millimetres thick (Fig.
7), and the angles are low (2°, Fig. 7) while some are
moderate (10°, Fig. 2d). In.some samples, channels have been
cut into laminae and subsequenfly gilled in by younger
caymanite (Figs. 12a - d). Channels represent an erosional
period between depositional episodes. Channels were noted és
narrow as 9 cm wide and 2 cm deep (Fig. 13a); and up to 1.2
m wide and 0.2 m deep (Fig. 14e). Superposition of laminae
and'channels.upon previously aeposited caymanite 15 evident
in 'some samples (Figs. 12c, d). Changes in grain size can
accompany tran;ition from one lamina'to an adjacent one. One
sample, GC 83 435 (from Tortuga Club, Fig. 3), contains
altefnating laminae of coarse dolograinstone and caymanite.

Finally, caymanite is characterized by its vividly coloured

/
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Figure 11

Figure 1la: Distinctly coloured caymanite with one channel 1n
upper part of sample. Channel 1s filled with caymanite.
Colour changes abruptly between adjacent laminae. Pedrc's
Castle Quarry, Locality 2 (Fig. 3).

Figure 11b: Parallel caymanite laminae with coarse sand and
pebble fragments of dolostone from the Bluff Formation. Great
Bluff, Locality 8 (Fig. 3).

Figure 1ic: Caymanite with very steep laminae dip angles. Note
the thin orange band coating the cavity; this was formed
prior to caymanite deposition. Sample from the east end of
“the 1sland.

Figure 11d: Caymanite with manganese coated fragments of
dolostone from the Bluff Formation. Black coating on pebbles
does not continue below level of black lamina. Colour changes
gradually between laminae. Great Bluff, Locality 8 (Fig. 3).
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Figure 12

Figures 12a & b: Slab faces of caymanite from the east end of the
1sland, showing complex array of laminae, geopetal laminae,
channels, and varying grain sizes. Channels formed in and
were filled with caymanite, and later erosion carved another
channel which remained partially void. Sample from Great
Bluff, Locality 8 (Fig. 3). Oldest generation is #1.

Figures 12c & d: Slab faces of caymanite from Pedro's Castle
Quarry. Three generations, separated by two channels are
apparent, yet black channel-filling laminae (Fig. 12c) are

_not present on opposite face. Colour changes gradually
between adjacent laminae.
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Figure 13

Negative photographic prints of thin sections showing at:itudes
of constituent laminae 1n the caymanite that is filling
cavities that were created by the leaching of corals. Arrows
indicate way-up. Tortuga Club, Locality 7 (Fig. 3). The
scratches evident on the photographs are from the original
thin sections. v=void.






Figure 14 N

Figures i4a & b: Examples cf manganese star dendrites (a) and
manganese tree dendrites (b) developed or white and beige
laminae 1n caymanite from East End, Locality 5 (Fig: 3).
Figure 14b by Q. Goodbody.

Figures 14c,d & e: Examples of breccias which are commonly-
associated with the basal laminae of some caymani:te seguences
or, less commonly, 1n which the clasts are distributed
throughout the entire sequence (Fig. 14e). The white clasts,
which are derived from the Bluff Formation, are commonly
coated with manganese. Figure '4d by B. Jones.
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laminae. Commonly the CcClours, which enhance *he
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Caymanite sequences are COmMmMON at many localities. Despite
their proxlmity such sequences are notably d:fferent. For

N

example, at Locality 8 (Fig. 3), an outcrop of I m' contains
15 discrete cavities, all partly fi..ed with caymanite. NoO

two sequences have the same order of laminae colour, Llaminae

thicknesses or laminae attitudes (Fig. be).

F. DENDRITES

Manganese star dendrites (van Straaten 1978) occur 1n
some of the gaymanite laminae (F1i1g. 14a) from the East Eng,
Collier's Bay, and Tortuga Club localities (Fig. 3).
Typically the dendrites are 2 - 3 mm, longest axis, and
rarely up to 1 cm, longest axis. These dendrites occur on
any colour lamina, and may span more than one lamina. Bands
of tree dendrites up to 5 cm wide (Figq. 14b) apparently

originated along contacts between adjacent laminae, and grew

into and on top of the surfaces of these laminae.
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G. BRECCIAS

Brecc:as wi:th clas's cf doiustcne ‘rom *he B.Luff

Formation anc a matrix c¢f unlaminated cayman.te oCCuUr in
some cavit:i:es 'Fig. "4c) at Pedro’'s Castle Quarry and

Bicwhoies local:t.:es (Fig. 3), and those on the east and

northeast parts of the island. The angular clasts are up to
iongest axis, and may be concentrated either in the
basal part of a caymanite sequence or spread throughout the
segquence. In some examples the matrix 1s formed of either
black or orange caymanite, but in one example, from Great
Bliuft (Fig. 3), the matrix is formed of laminated, .
muiticoloured caymanite (Fig. 14e). In a hand sample from
Great Bluff (Fig. 3), white dolostone clasts are coated by
black manganiferous material (Fig. 11d) and occur in orange,
gradationally laminated caymanite. Black coatéa clasts of
white dolostone were also noted in the field (Fig. 113). The

breccias occur only in solution cavities, none were found in

fossil moulds.



I1I. IMPORTANT CAYMANITE LOCALITIES

A. PEDRO'S CASTLE QUARRY

in the west wa:. 0f Pe
occurred i1n a cave that was

dro's Castie Quarry, cayman:te
0 m long:; up to 2 m high, and,
where visible, up to 2 m deep (Figs. 9, '0C). The cave was

destroyed by dynamite bliasting in late '984 or early 1985.

There were four types of rock filling the cave. In vertical

sequence they were: (') caymanite; (2) a coarse grained,
friable, highly porous calcitic dolostone; (3) lithified and
semilithified terra rossa; and (4) flowstone (Figs. 9, 10).
CAYMANITE

The caymanite was formed of subparallfl, uniformly thin
orange, black and white laminae in the soughern part of the
cave. The caymanite was 1 to 10 cm tHick, whereas in ‘the
northern part of the cave, the caymanite was up to 0.5 m
thick. There, it comprised variably oriented white and beige
laminae. The morphology of this caymanite may reflect the
topography of the cave during caymanite deposition. Théfe
are two possible interpr?tations of the origin o% this
caymanite: (1) that it represents one depositional event but
two styles of deposition, which generated the thinly
laminated, brightly colouured caymanite and the thickly
laminated white and beige caymanite; or {2) that‘i;

represents two separate depositional events. The first

interpretation suggests that while the two types were
-

43
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deposited by the same depositional event, perhaps the cave
floor topography affeected the development of laminae
morphology. More difficult to explain by this interpretation
are the colours of the laminae siﬁce cave floor topography
15 not likely to affect pigmentation of laminae. The second
‘interpretation might easily have resulted in different
éolours and thicknesses Jf cavmanite simply because of{‘
different characteristics of the dep?sitional vaters.
Examination of the outcrop at Pedro's:Castle Quarry,

- .
however, did not shed any light on the relationship between

the two types of caymanite, thus the problem remains \

unresolved.

TALCITIC DOLOSTONE

Tﬁi& homogeneous unit of white to buff, poorly
lithified, calcitic dolostoﬁe overlay Unyt 1 and thinned
nor;héafd (éigs. 9, 10). The entire unit das 2 m wide, and
upbté 1.5 m thick. The subparallel laminae, which were up to
2 cm thick, were convex upward. The grains gf dolostone are
rounded to well rounded, one millimetre across:(longegt
axis), and almost spherical tb rarely (5%) completely
spherical. Some foramin{fera and ostracod tests were present

(10% of the grainﬁ). The porosity of Unit 2 varies from 10

" to 20%. . - ' ] ' .
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TERRA ROSSA

Terra rossa 1s a reddish brown layer, formed of the
insoluble res&dUe from the dissolution of limestone and
dolostone outcrops. On Grand Cayman Island, the terra rossa
formed a continuous layer of lithifiéd and semilithified
rock that was up to 20 cm thick (Figs. 9, 10). At the south
ena of the cave, terra rossa is interlayered with flowstone
(Fig. 10). In the middle part and north end of the cave it
was a discrete, consolidated unit which separates the the

flowstone from the underlying caymanite. Terra rossa also

formed a thin coating on the roof of the cave.

FLOWSTONE

Flomstone—is a crystalline carbonate which is
precipitated in the vadose zone of caves and cavities.
Coarsely crystalline flowstone had been precipitated over
the entire seqguence of cave fillings; except-at the south
end of the cave, where the grainstone apparently filled the
cave to the roof. The flowstone is brown to yellow on a
freéh surface, but terra rossa had sugerficially coloured it

red.

ATTITUDE OF LAMINAE

The éaymanite and the dolostone have high dip angles,
which are interpreted to be original sedimentary features.
First, the lamipae in the caymanite dip at angles up to 35°

to the SE (Fig. 9). Second, laminae in the dolostone dip up
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to 36° to the SW (Fig. 9). It must be emphasized, however,
that the angle of dip is variable throughout both of these
units. There 1s no evidence of post-lithification movement
among, the iaminae which might have ;1tered the positiqns of
these laminae. Third, the ovexlying flowstone (Figs. 9, 10)
15. virtually horizontal, which also suggests there has been
no structural deformation of the cave sediments.

The contacts between each of the laminae in the units,
-and between the units themselves were distinct. This
suggests that the laminae were sufficiently lithified prior
to deposition of the subseguent lamina that mixing between
adjacent laminae, or deformation of one laminae by an
adjacent one, did not occur. There is a marked change in
particle size between the caymanite and the dolograinstone,
which i1indicates a change.in thé competence of the
depositional water. The high energy of the water which
carried the coarse grains in the dolograinstone would have
caused erosion of the underlying, previously deposited
caymanite unless the caymanite were (semi)lithified. Hence,
a period of nohdeposition_éccurred prior to the formation of
the dolograinstone. This period was long enough for the
caymanite to become lithified¢to the aegree that when the

water carrying the particles of dolograinstone flowed over

it, it remained intact.
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Figure 15

Figure 15a: Phytokarst at Hell with little associated soil or
vegetation. The tree i1ndicated by the arrow 1s 3m tall, and
1s rooted directly into the,dolostone. Photo by B. Jones.

Figure 15b: Example of light coloured caymanite that 1s typical
at Cayman Kal and Hell.

Figure 15c: Caymanite and interbedded red clay filling east
dipping joint developed in the Bluff Formation at Blowholes.
Photo by B. Jones.

Figure 15d: East-west trending vertical joint at Blowholes that
1s fi1lled by flowstone and breccia. Caymanite has not beer
found i1n such joints. Photo by B. Jones.

Figure 15e: Example of caymanite from High Rock Quarry.

Figure 15f: Example of caymanite from Hell. Note the jagged and
razor sharp edges associated with the weathered surfaces ot
the surrounding dolostone.
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B. CAYMAN KAI AND HELL
The caymanite at Cayman Kai 1s similar to that at Hell

(Fig. 3). Caymanite at these localities is typically very

light coloured (Figs. 15b and f): white being the

predominant laminae colour; pink, grey, light orénge and
l1ght beige are the other colours. Caymanite 1S more common
in solutlon cavities than in those created by the leaching
of fossils. There 1s a lack of terra rossa soil and
vegetation on these outcropé (Fig. 15a), and a lack of red
and orange coloured caymanite laminae. This is consistent
with the typical association of terra rossa and vegetation
with orange or red laminae, or conversely, the absence of
all three components. Despite the present day associations,
however, 1t 1s important to remember that the vegetation ~
and/or soil patterns may have changed since the period yhen
the caymanite was actually formed. Thus, there may not have
been vegetation and soil covering an area where red or

orange caymanite formed. .

Unconsolidated sediment, which is accumulating in
solut%Gﬁ’scallops in the Bluff Formation at Hell and Cayman

Kai, and in joints in the Bluff Formation at Hell, resembles

caymanite in five aspects:

1. The deposits are multicoloured, including black, brown,
red and dark green. Caymanite is also distinctly
multicoloured.

2. In scallops where the water has totally evaporated,

dried clay sized sediment remains. Caymanite has a
!



similar, fine particle size.

3. The dried sediment 1n the solution scallops has a smooth
upper surface, similar to the planar, smooth laminae
surfaces of caymanite.

4. On a larger scale, both these sediments and caymanite
occur 1in cavities created by solution, or in joint
systems 1in fhe Bluff Formation.

5. No sediment was noted filling cavities created by the
leaching of fossils at the Hell and Cayman Kai
localities. Caymanite is also missing at these
localities, however these may simply be two areas in
which fossils were not present, and therefore not

leached.

C. BLOWHOLES ‘

The Bluff Formation at Blowholes (Fig. 3) has three
distinct sets of joints. These joints as well as the
fissures and éavitiés in the dolostone, have been enlarged
by dissolution (Fig. 15d). Sheet-like bodies of caymanite,
terra rossa, flowstone and breccias (Fig. 15c) fill some of
the joints. Joint filling caymanite has not been noted
elsewhere on the island.

A

D. S;GH ROCK QUARRY
Caymanite is rare in High Rock Quarry (Fig. 3). The
caymanite that does occur is not as colourful as that

elsewhere since black and grey laminae are absent. Manganese



dendrites are a.so absent. Beige, buff, ancd light to medium
orange are ﬁhe predominant laminae colours. Both the number
and sizes of occurrences are smaller than those on the eas:
and northeast ends of the island. One sample, obtained from
a boulder 1n this quarry containea a cavity fi1lled with
orange and beige caymanite and brownlish orange terra rossa,
the latter apparently cemented by brown calcite’spar (Fi1qg.
15e). The association of caymanite with another type of
cavity fi1ll, whether it is terra rossa, flowstone, or
another type of rock, is rare. In this occurrence, however,
subequal amounts of caymanite and terra rossa fill a cav:ty
that 1s 15 cm across (longest axis). CaymanitT at Pedro's
Castle Quarry and Blowholes (Fig. 3) is associated with
Xﬁowstone and other cavity fill material, but these are
stratigraphically positioned and jéint<controlled caves.
This could indicate that only these types of caves had an
environment suitable for deposition of material other than
caymanite, and that the randomly positioned cavities rarely

did.
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1Vv. COMPOSITION OF CAYMANITE

Six sampies of caymanite were analysed by atom:c
adsorption (Table 7). The wh:te laminae comprise chiefly
calcium (32% 1n both samples) and magnes:um oxidesw 20% in
both samples), and have minor sodium (average 0.07%), iron
(average 0.02%), and aluminium oxides (average 0.02%). There
were also trace amounts of nickel, copper, and potassium. In
one of the two samples (GC 83 W1), a small amount of
manganese (<0.01%) was detected.

The orange laminae are formed of calcium (33%) .and
magnesium oxides (18%), 1ron (0.5%), aluminium (O/g%),
manganese (0.1%), sodium (0.07%), and potaséium ox1ides
(0.1%), titanium (0.01%) and nickel (<Q.01%).

The black caymanite, like the white and orange
caymanite, 1s formed mainly of calcium and magnesium
(average 32% Ca and 18% Mg). Characteristic of the black
laminae 1s the maﬁganese (3%), along with iron (0.25%),
sodium (0.07%), alu%inium (0.2%), minor nigkel (0.08%),
potassium (0.05;), phosphorus (0.04%), and éopper (trace).

The almost exclusive occurrence of manganese in black

——

s
caymanite and the similar confinement of iron to the orange

lamina suggests that these oxides are responsible for

pigmenting the laminae black and red, respectively.

52



A. COMPOSITION OF TERRA ROSSA

One terra rossa sample from Pedro’'s Cas:.e Juarry

{Figs. 3, "0) was analysecd by atom:c adsorption (Table ).
Aluminium :s the most abundant component (27.7%): ::on
(12.8%), calcium (4.7%), and magnesium (2%) are alsc

present. Manganese constitutes {.25% of the sampie.

B. MANGANESE CONTENT OF THE BLUFF FORMATION

The dolostone of the Bluff Formation contained (.00 3%

&
manganese oxide (Table 1), which, gompared with the 3% MnC
in black caymanite (Table 1), suggests that the source of

the manganese 1n caymanite was not the Bluff Formation. It
1s possible, however, that the higher concentration of MnO
1n the black caymanite represents intense concentration from
the Bluff Formation. This would necessitate one
thousand-fold concentration of the dolostone to generate the
levels of manganese noted in black caymanite. This leaves
the ultimaEe source of the manganese 1n black and grey
caymanite, and even the red and orange caymanite,

undetermined.

C. PETROGRAPHY

'
Caymanite was examined with the SEM and binoculir

microscopes. Microcrystalline and cryptocrystalline anhedral
and subhedral dolomite form 80% of fhe caymanite. Cloudy,
structureless, peloidal material comprises approximately 8%

of caymanite. Opague manganese and iron rich minerals, which

D
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are amorphous I tnin secticnh arc are sgherc.da. oOr
encrustingG under the SEM, ocour abuncartly ir black, grey

anc less commonly in the orange and red caymar:te .am.nae.
This opague matter can constitute .arge amounts of cayman:‘e
iaminae, Or can be nonexistent as in the wh.te .aminae.
Euhedral dolom:ite, which s distinct in both th:.n sec: on
and the SEM, forms approximately 5% of caymanit

Whereas red, black, and white lamirae are vivid in hand
specimen, 1n thin section (transmitted light) the colours
are dull (F1g. 16e). White laminae are dull grey to white:
orange and red laminae are also dull grey but can be
brownish; and black and grey laminae are dul! grey tc

opague.

ANHEDRAL AND SUBHEDRAL DOLOMITE
This 1s the most common dolomite morphology (Figs. 17a

and c). The crystals vary from less than 1u to 10u, and
rarely up to 30u, longest axis (Fig. 17e). The crystals
typically are interlocking and rounded or abraded. There is
both primary abrasion (Fig. 17a) and evidence of dissolution
(Fig. 18a). This is true for all of the caymanite laminae,
irg@spéétive of colour. Some of the subhedral crystals show
smooth cleavage planes or a step-like pattern (Fig. 18c).

PELOIDS

The peloids in caymanite are light to medium grey in

white and grey laminae; reddish brown in orange and red



Figure 16
“" Figures ‘6a & b: Photomicrographs of dciom:tized red a.gae
fragment f{(a) and foram (b). Examples such ag«:hese are rare.
Figure 16c: Cavity filled with caymanite and spar' calcite.
Figure 16d: Examples of opague manganese and ironrich biogeni

structures 1n cayman:ite (arrows).

Figures T6e & f: Relationship between caymanite and cavity walls.
in both examples the walls of the cavity were lined by
precipitated dolomite crystals prior to deposition of the
caymanrite. Figures 16 a - f from Tortuga Club, Locality 7
(Fig. 3).






Figure 17

SEM photomicrographs.

Figure 17a: Anhedral dolomite «~hich forms the groundmass ot most
ceymanite. ’

Figure 17b: Euhedral dolomite crystals llnlng cavity wall 1n
caymanlte

Flgure 17c: Distinctly cleaved anhedral dolomite.

Figure 17d: Example ot manganese and iron rich spheroid
(bacteria?) in a ground mass of euhedral dolomite crystals.

Figure 17e: Dolomite matrix characteristic of caymanite.

Figure 17f: Calcite, rare in caymanite, with pronounced cleavage.

-Figures 17 a & f from Great Bluff, Locality 8; Figures 17 b, c,

d, & e from Tortuga ‘Club, Locality 7 (Fig. 3). / ‘/)

X
- /
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Figure 18

SEM photomicrographs.

Figure 18a: Etched dolomite crystals.

Figure 18b: Calcite crystals lining a pore that occurs in orange
caymanite,

Figure 18c: Etched dolomite crystal showing cleavage.

Figure 18d: Whisker calcite crystals in a pore developed in
orange caymanite. ’ .

Figure 18e: Partly leached dolomite crystals.

Figure 18f: Euhedral dolomite crystals lining a pore in (white)

caymanite.

Figures 18d and f from Great Bluff, Locality 8; Figures 18 a, b,
c, & eAfrom Tortuga Club, Locality 7 (Fig. 3).
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laminae; and not visible in black laminae (because of opaque
amorphous black material). The peloids are cryptocrystalline
dolomite, 50 - 100u in diameter and some (less than half)

have a 10u (hick rim of clear microcrystalline dol6ﬁite. The
peloids are cemented with dolomite. Samples were also noted
with peloids at such a high density that only their internal
characgsﬁi§£3cs suggested they were peloids: the rounded

shape was not visible, and microcrystalline dolomite cement

occurred only 1n vugs.

EUHEDRAL DOLOMITE CRYSTALS
Limpid (in the sense of Folk and Siedlecka 1974, and

Folk and Lanhd 1975) euhedral dolomite crystals, constitute

5% Qfméaymanite, and occur 1in all laminae éxamined. The

average size of these rhombohedra is 10u, longest axis, but

extremes of 2 to 30u, longest axis, occur. The limpid
dolomite occurs in three settings:

1. as linings of minute pores (15 to 20u, longest axis) in
caymanite (Fig. 18f). These ‘pores are probably younger
than the host caymanite because euhedral dolomite, which
lines‘these pore walls, is rare, and thus not’ syngenetic
with caymanite.

2. as a cement along the walis of the cavities in which the
caymanite was deposited. In thin section these clear
crystals éfe easily identified along the cavity walls
(Fig. 16f) because of their large size and clarity

against the fine grained caymanite matrix. On the SEM
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the crystals of euhedral dolomite are contrasted sharply
with the anhedral and subhedral dolomite of the
caymani:te (Fig. 17b).

3. as 1solated rhombs surrounded by caymanite. These
crystals, up to 12u, longest axi1s, are associated with
manganese and 1ron rich spheroids (Fig. 17d).

Solution phenomena are evident on cleavage faces of
some dolomite crystals (Figs. 18a and c). Despite the
dissolution the crystals have maintained their euhedral
morphology. Another type of dissolution on the dolomite
rhombs 1s the actual removal by solution of the interior of
d®lomite crystals (Fig. 18e). The conseguent void in the
centre of the crystal is also rhombohedral, and duplicates
the morphology of the host crystal.-Dissolution apparently
occurred along cleavage planes of the dolomite crystal.
Similar crystals of dolomite with hollow zones were
1llustrated in thin section by Ward and Halley (1985, p.
411). They also interpreted these to be the result of
dissolution of zones of higher solubilities.

CAL&ITE

Although there is no authigenic calcite in caymanite,
there is both subequant (Fig. 18b) and acicular, whisker
(Scholle 1978) calcite lining secondary v;gs in the laminae
(Fig. 18d). The polyhedra are up to 100w, longest axis; and
the whisker &rystals are 1 to 2u wide and up to 20u long.

Calcite also occurs as large anhedral particles (up to S0u,
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longest axi1s) 1n the matrix of caymanite (Fig. 17f). Calcite
spar has commonly filled voids 1n cavities with geopetal
caymanite (Fig. 1l6c).

OTHER MINERALS

Minor non-carbonate material.occurs 1in white and red
caymanite: in GC 83 460, two grains rich in Al and Ca were
noted (Fig. 19d); and in GC 83 462, rod shaped, iron rich

non-carbonate and non-organic minerals were noted (Fig.

A

22c).

Aluminium and silica rich particles are noted in black
and grey caymanite, such as in GC 83 100 (Fig. 19f) which
also 1s enriched in Fe and Ca. A spherical grain, rich in K
and Si was noted in GC 83 431 (F;g. 19e). A spheroid rich in
Mn, Fe, Si1, and K was noted in GC 83 100 (Fig. 19c). The
spheroid, with a platy surface texture, does not look
organic because of its apparent lack of bulbous structure
(J. Campbell, University of Alberta, pers. comm. 1985). It

. .
1s possible, however, that this is a mineralized bacterial

colony, and that the surface texture is a function of the

mineral precipitate rather than an underlying colonial

-
~

structure.

POROSITY
Vuggy and intercrystalline porosity in caymanite is
distinct in thin sections made of samples which have’ been

impregnated with blue epoxy, although it is not photogenic.
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Figure 19

®

SEM photomicrographs of spheroids that are probably mineralized

bacteria. o

Figure '9a: Manganese rich spheroid.

Figure 19b: Pore in dolomite of caymanite with a manganese-rich
area (white arrow) and manganese-rich bacterial filaments
(black arrow). '

Figure 19c: Spheroid from black caymanite, rich in Mn, Fe, Si
and K. Platy mineral precipitate has obably coated a
bacterial colony and disquised the b/ bous surface texture.

Figure 19d: Grain from white caymanite, non-carbonate, rich in Al

r

and Ca.
Figure 19e: Spheroid from grey caymanite, non-carbonate, rich in
Si and K

rigure 19f: Al and Si rich grain from black caymanite.

Figure 19d from Great Bluff, Locality 8; Figs. 19a, b, c, e, & f
from Tortuga Club, Locality 7 (Fig. 3).






5%; and 1intercrystalline poros:ty $s rarely greater than 2%.
The secondary, or vuggy pores commonly have limp:d dciom:ite
(Fig. 18f; Figs. from Jones et al. 1984), calcite spar (Fig.
18b), or whisker calcite (Fig. 18d) precipitated along the

pore walls. The permeabililty of caymanite 1s low.

FOQSILS B

Fossil fragments, up to 0.5 mm long, occur rarely in
caymanite: Ostracpds are thevmost abundant fossil, but
foraminitera (Fig. 16b) and gastropods also occur. Red algae

were found in laminae of coarse dolograinstone, which

#lternate with laminae of caymanite (Fig. 16a)."



V. PIGMENTATION OF CAYMANITE

A. DISTRtBUTION OF MANGANESE

Chem:cai analyses of caymanite laminae :ndicate that
bilack laminae contain up tce 3% Mn, 1.43% Fe, (.1% N:, and
0.1% Cu (Table 1). Such analyses, however, do not show
whether these elements are located i1n the dolomite lattice,
or 1n separate /discrete bodies. The EDX analyser attached
to the SEM s useful 1n this regard, since 1ndividual
crystals and grains can be analysed. No metallic impurities,
such as Mn, Fe, Ni, or Cu were detected in the euhedral and
anhedral:dolomite crysfals (Fig. 20e). In thin section,

{ ) _ :
opague, awgorphous minerals occur in all but the white

laminae (Fig. 16d). With the EDX analyser manganese or iron

.\ﬂ,

are noted 1n all but the white caymanite (Fig. 20). These
opaque minerals are believed to be the same manganese and
iron rich phenomena noted in SEM caymanite samples. In thin
section they are patches of black, dark brown or dark red

material, up to 50u, longest axis.

SPHEROIDS

'écattered throughout the black and red caymanite are
well defined spherical bodies, rods a;d more rarely
aluminium rich particles. The spheroids are 2u (Fig. 21¢c) to
17u (Fig. 21a)’in diameter. They are almost perfectly

spheroidal, except for one (Fig. 2le), which is ovate. Four

surface textures occur:
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Figure, 21

SEM photoricrograghs of meta..iferous sphero:ds setr 1 the

dolom:tic ground mass cf the caymanite. Such Ssgherc:.:ds are

probably bacter:a. !

Figure 2'a & b: Type 2 spheroids that are coat‘ed by manganese (a'
Or manganese with some nicke. (b).

Figure 2ic: Type 3 spheroid that is coa‘ted w:th manganese and
rron. This type 1s srgmificantly smaliler than Type 2
1llustrated in Figures 21la and 2'b.

Figure 21d & f: Type ! spheroild that 1is coated #M1th manganese,
aluminlium and nickel.¥ (f) is an enlarged view of (d).

Figure 2le: Type 4 spheroid that 1s coated with manganese. Al

samples from Tortuge Club, Locality 7 (Fig. 3).
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1. FRAMBOID (Figs. 21d and f); these spheroids consist of
hundreds of minute balls; each approximately 1.5u 1in
diameter. Spheroids of this type are 15 to 17u in
diameter. Each of these balls appears to be made of
angular plates, that are less than lu thick (Fig. 21t).°

2. RUBBLY (Figs. 21a and b) this texture resembles a
framboid structure in sc®far as it is formed of hundreds
of particles less than 1;, longes{ axis. Unlike a
framboid teiture, however, these particlesfare not

»
distinct and appéar to have grown together or have been
coated by material, thus obscufing the individual

e grains. These spheroids are 15 to 17u in diameter.

3. SMOOTﬁ (F1g. 21¢) these are up‘to 2u in diameter. These
spheroids can occur in high densjities; for éxample, 17
occur ig a 64u’ area of one saﬁple (Fig. 22a).

4. KNOQBLY K?igl 21e) these ovate spheroids, uquo 2u-in‘.F

diameter, are characterized by 0.2u (diameter),

radiating projections.

CRUSTS

In some samples’crusfs of manganesg;rich spheroids and
rods coat the dolomite grains (Fig. 22b).‘Somé Lf these
&rusts‘apparently causéd corrosion of adjacent dolomite
particles (Fig. 22L). Clése ékahinétion,of these' coatings
shows that they are composed of masses of tiny ‘(less than &
lué; longé%f'akié) spheroids aﬂd short stubby rods (Figs.

22a and d). There may be a genetic link between the

@ ' kS
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Figure 22

SEM photomicrographs. s

Figure 22a: Crust of manganese-rich spheroids (drrows) and
filaments coating dolomite crystals in cayfianite.

Figure 22b: Dolomite crystals apparently corroded and’replaced by
manganese (arrow).

Figure 22c: Bacterial(?) rods in red caymanite. The filaments are
too thin to be analysed using the EDX analyser.

Figure 22d: Crust of manganese coating dolomite crystals in
caymanite. The circular structure in the center of the
photograph marks the place where a spheroid was once located.

Figures 22e, f & g: Examples of bacterial(?) filaments (arrows)
present 1in caymanite. The filaments in (e) and (f) are too
thin to be analysed by the EDX analyser. The clusters of

"filamerts in (g) are coated with iron.

Figures 22b, ¢, & d are from Great Bluff, Locality 8; Figures
22a, e, f, & g are from Tortuga Club, Locality 7 (Fig. 3).
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constituents in the crusts and those in the spheroids and

[

rods, because all 1nvolve concentration of manganeek.

FILAMENTS

There are two types of rods in the black and grey

caymanite, namely (1) separate strings less than 1u wide but
at least 2u long (Fig. 22e), rare ones are spiraled (Fig.
22t); and (2) aggregates of short rods, each rod measures

less than 1u wide and long (Fig. 22g). The second type
occurs both as distinct three dimensional accumulations
(F1g. 22g) and as coatings on top of the predominantly

dolomite groundmass (Fig. 22b).

B. COMPOSITION OF SPHEROIDS, CRUSTS AND FILAMENTS
Each obSé{ved"spheroid,was analysed using !l% EDX

analyser on the. SEM. Type 1 spheroids contain manganese,

N . »

aluminium, and nickel (Fig. 20c), nickel, whereas Type 2

»

spieroids contain only manganese (Fig. 20f). In Type 3
spheroids iron and manganese are preSent (Fig. 204) , while
in Type 4 spher01ds only manganese ng detected (Fig. 20f)
.Calcium and magnesium were not detected in any of the

-sphero1ds.

? 7 EDX analyses of the crusts coating the dolomite rhombs S

@gmonstrate that these are rich in manganese. No ironm or

%Eckel was detected.. .
/ - *
The mineralogy of the rods, where they occur

-

r:iVidually'is difficult to determine because they are‘sd.
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small. Since the beam diameter cn the EDX analyser is
typlically larger than the rod width, it is difficult to
obtain an accurate analysis. The aggregates of short rods
(Fig. 22d) were found, however, to be rich in manganese. A
grey lamir£ contained one 1iron rich, manganese defic.enr

accumulation of short rods (Fig. 22g).

C. ORIGIN OF STRUCTURES

Extensive discussion witﬁ L. S{gler (1985,‘Cur9toc,
Mould Herbarium, University of Alberta), J. Cambbéllq(f985,
Department of Microbiolggy,'Universitihéf Alberta), and S.
Pirozynski (1985, Musehm‘of Man aﬁd Nature, Ottawa)
suggested that these .structures resembled organic rather
than inbrganic material. The possibility of—fungal origin
was eliminated because: (1) these structures are smallér
than those_usuélly associated with fungi (Cambbell 1985,
pers. comm.) and (2) fungi do not wsually derive their
ngtritional requirements from the Qxidation'of minerals
(Caﬁbbéll 1985, pers. comm.; Sigler 1985, pers. comm;).

3

Other reasons why the spheroids, rods and crusts in the

black and grey caymanike are bélieved;to be of organic _

. origin include: ' .

1. fhe branching,of tﬁese rods,:and the breaking élong
certain points (or formation of septéi'walls) ére two
3haracterfstics,of miéroorganiéms kd. Campbell 1985,
‘Degt. of'Microbidlogyluhgversity of, Alberté; pers.

comm, ). : _ .
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Similar morphologies were noted to 5ave common
diametérs: for example Type 1 spheroid® (Fig. 21a) were
noted to have diameters between 15 and 17u.

Chemical analyses of caymanite samples show that the
minerals required by microorganisms (Brock et al. 1984)
are present in caymani®e,. Phésphorus, potassium,
magnesium, calcium, and sodium are nutrients required 1in
relatively large amounts. Manganese and copper are
Augfients commonly reqéired In relatively small amounts
by microorganisms. Iron is necessary in intermediate
amounts. These eight elements are present in ;aymanite,
although phosphorus is only ianwo of zhe S1x éamples.
While more than these eight elements are required tb r
create a sultable environment }Q; microbiota,~their
presence is bositive support.

The Types 3 and 4 spherdids yielded very low EDX

responses, which, according to G. Braybrook (SEM

“technician, University of Alberta; pers. comm. 1985),

. . / . . o . .
indicates a biogenic composaition,

The struct&res, especially the filaments, occur "both
) 1

singly and in clusters (Figs.. 22d and g). Kazmierczake

(1979) used this criterion of spatial distribution to

‘establish bﬁogehiciby. This 4s based on comparison with

T e o . ’ .
Devenian microspheres of established biogenicity, which
occur as isolated bodies .and in clusters (Kazmierczak

-

1979).

_There‘are similarities between the caymanite microbiota

A T
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ana those reported 1n the literature. These include: a)
Kazmiergzak's (1979, p. 4) observation that laminations
in Precambrian cherts in the Gunflint Iron Formation 1n
Canada are "emphasized by abrupt changes 1n spatial

-

density of the microspheres...". This compares with

caymanlite because the caymanite laminae are
-~

Charaéterized by colour, which in turn 1s caused by
manganese and iron believed to be concentrated by
bacteria. b) Most of the spheroids and filaments were
noted in black and .grey caymanite. Although an
explahation of why they were found only in these and not
in orange and red laminae (and yet, are extrapoiated to
occur there), ié nécessary, 1t 1s jnterest;ng w read of
similgr observations by Awramik and Barghoorn (1977) and
Knoll and Barghoorn (;976). The first pair found
mfcrofosFils n the black and bluegrey chert laminae.
Their comment (Awramik and Barghoorn 1977, p. 129) "...
preservafion in rocks other than dark grey to black
cherts is poor,...; and classificétion'of suqh poorly

» -

preserved material is unusually.subjective and fraught

*

with complications resulting from degradation”, is

reminjscent of the good preservation of structures in

¢ i

black d4nd grey caymanite and apparent lack of
preservation of *structures in orange and red caymanite.
The second pair found microfossils in black chert

-laminae’in a host dblomite and not in the accompanying

red laminae, a similar observation to caymanite.

.
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7. The microstructures found 1in caymanite are believed to
have been deposited, regardless off their bioclogic or
abiotic orig;n, in a cave enviréh&ent. Thus, tne
morphology of thse structures, if bipgenic, should be
similat to extant microorganisms (Awramik and Barghoorn ,
1977) living in caves. .

8. The spheroids bear no resemblance to known minerafs rich
1n manganese, iron, or nickel. The only exception noted
1s a é;ﬂeroid from black caymanite (Fig. 19¢c) rich inee.
Mn, Fe, Si, and K. It resembles inorganically
precipitated birnessgte (rich jn Mn, and Na or Cé) .
1llustrated by Sorem and Fewkes (1977, p. 159).

Concrete proof of biogenicity of these spheroids and
filaments would be evidence of ‘cell structures. Bidgenicity -
tould also be supporfed, although not proven, by statistical’
analyses on d1str1but10n and dlameters of the structures.
The number of structures photographed are 1nadequate for’
statlstlcal analyses, thus this L¥1ll not be used to
establish blo;enicity. Second, the\structures have commonly
been pe;mipe:glized and therefore are imposéible to examine
for.internal céli structureé.‘?urthefmorg;.the scale of
"these structures (less than 20u, longest axis), and the
method of examination (SEM) complicate any sectiding of “the

structures to check for internal detail.



D. OCCURRENCES OF QANGANESE

The association of bacteria and manganese 1n cave
deposits, such as caymanite, 1s common (Moore 1981: James
and Choguette 1984). The composition of caymanxte 18 simila:
to deep marine ferromanganese nodules because of thflr
mutual association of bacteria with manganese and iron (-

the latter assoclation was noted by Sorem and Fewkes 1979:
-

Dean and Ghosh 1980).

MANGANESE IN CAVE ENVIRONMENTS

Manga;ese is a common accessory mineral in cave
environment§ (Wﬁite 1962; Broughton 1971; Hill 197§)u
Manganese rich égymanife, which developed in caves and
~cavities, 1s similar in otﬂer respects to other manganese
rich sediments. Black laminated manéanese rich cave
fillings, were observed by Brohghtpni(1971). Black coatings
on angular breccia clasts are noted on Grand Cayman Island
at thé bases of s;me caymanite sequenhces (Fig. 14c)%
similarlyf'éebblesfqéatéd by ménganese rich mineféls have
been noted b; White and Dunn (1965); BrSughion (f971), Hil}
(1976), Potter and Rossman (1979),-and Moore (1981) iﬁ cave
streams. Hill (T§76, p. 51) noted that cave aééociated |
mangahgse minerals are "... extrémely’fine grained and -hard
ta\identify-evgh'yith X~-ray techniques”; this is also true
for éaymanite. . | | |

Manganese. in caves is most commonly associhated with

organisms (Moore and Nicholas 1964, Broughton 1971, Hill
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976, Laverty anc Crabtree 1S7&, and Moore 1981'). Broughtor

”

bacteria ut:.lse the organic par*
L4

(*g7%) ;uggested that
of the comblex meolecules, thus freeing the mangarese ions
and causing the céve watlér to become supérsaturated with
manganese near the bacterial colonies”. Moore (1981) noted
that manganese 1n @ cave 1n West Virginia, USA, might have
come from leaves in a pond. Bacteria removed oxygen from
manganous cdmpounds ih the leaves, yilelding manganic
compounds. James and Choquette (1984, p. l76) noted that
"... the black, sooty coating on cave walls and pebb@es 1s a
~variety of manganese minerals whose pre?ipit?tion 1s aided

v

by specialized bacteria”. : , -

MANGANESE IN NODULES
The c;emistry and ‘microbiology of black and red

caymanite resemble thqse §f marine and lacustrine

ferromanganese nodules.rForlexample, the metallic elements

»

present in black caymanife and: nodules (Cronan 1976; Calvert
and Price 1977), in order of diminishiné‘agundance are
manganese, iron, nickel, and-copper, (Table 1). Manganese and
_1ron rich caymanite lamlnpg have small amounts of 1ron and
manganese, respectively (Table 1). Similarly, laminae in
nodules also are rich in é?ther manganeserr iron;vgnd(have
minor concentrations of the second element. (Calvert and
Price 1977; Sorgm and“Féwkes'1977). The red caymanite

laminae contalned only traces of nickKel (Table 1) and less -

a

than trace amounts of copper (Table 1). oo ‘\2'
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There are sphercids .n cayman:te which are organ:c

probably bacterial :n orig:n, and Sorem and Fewkes ([ 1G7 7

: .b

described simila: structures 17 the ferromanganese nodu.es
. i

from the seafloor. The amorphous manganese and 1ron

b hydrox’x‘ 1n the nodules have flocculated and coalesced

"into larger botryoidal masses” (Sorem and Fewkes 1977, .
- ' g
160).. There 1s no suggestion made by Sorem and Fewkes (G

that these might be- bacterial or even organic¢, but it 1s a

possibility to be considered. \

- ¥
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VIi. ORIGIN OF CAYMANITE

CRITERIA OF THE DEPOSITIONAL MODEL

In determining the origin of caymanite, any mode. must

the following observations:: -

The nonmarine diagenetic setting et the Eyuﬁf Formation

before and after caymanite tormed. -

The predominance of anhedral (detrital) dolomite, and

minor amounts of rhombohedral, limpid 4primary)
4

-

dolomite.

The high percentage of marine fossilg ;n laminae éf
dolograinstone which alternate 1n sequence with
caymanite laminae.

The apparént stratigraphic control to the filling of

caves with caymanite, such as at Pedro's Castle Quarry,

-

and East End.
The microorganisms (bacteria?) in the black and grey

caymanite; and, by inference, in red and orange

>

‘caymanite although none were noted with the SEM.

. ' 2 .
The presence o{ manganese, 1ron, and minute amounts of
nickel and copper in black, grey, red and orange <;
caymanite. .

The multiphase depositional system which deposited the

laminae. .

The features such as channels, which indicate high water
v _

velocity, ‘cut into caymanite laminae, which represent
. N 4

lower water velocity. In turn, the channels were filled

~

84 -
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with cayman:te lam:nae, again TgPresesnt ing [ower water
- .

v &

ve.0Cities. v oe
. ‘v A

B. OgCURRENCES SIMILAR TO CAYMANITE

o\
‘a. /Caymanite resembles vadose silt which was depos:ted .

v
newly emergent Permian carbonates in New Mexico (Dunham
1969). First, caymanite contains only rare recognisable
skeletal fragments; diagenetic crystal silt from New Mexico
(Dunham 1969) is similarly lacking in skeletal remains! EP

. P . v

<«

Second gtdepositional and erosional episodes are manifest 1n
. _ . , - 5
caymanite as Cross beddlg@,_parallel laminae arid cut and v

.

fill structures, while debris fans, cones and high amgle
floocé-ih vadose silt (Dunhgn 1969) suggest depositiondl and =
erosional episodes. Third, both Caymanite*filled cavitles

and those Q}th vadose silt in New Mexico (Dunham 1969) are - 7

commonly filled to the top. Dunham (1969) explalned that the

absence of voids at the tops of the cavities indicates

$ediment was deposited from currents rather than downward
‘ o . ~
filtering sediment. More than half of cavities filled with

K 4
<

caymanite are fflled to the top‘ E ' -
%fmeniuk (1971) descrlbed dlagenetlc calcxte sxlt in
subaerially leached cav1t1es in Ordovician lxmestones in

O
Australia. While he compared it with‘Dunham's (1369)

diagenetic crystal silt, this calcite silt midht also be
compared with caymaﬁite. Semeniuk (1971% hypothesized the -
calcite silt was deposxted in cav1t1ei.and caves in the

subaerial environment:t This is the same general
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~ [}
i‘terpretation of the origin of caymanite. Davis and De
Wiest (1966{ poinﬁéd out that the phreatic zone experiences
only slow lateral ground;ater movement. Thus, the bhreatic
zone would be less likely to producg structures such as
Cross bedd}ng'and channels in laminae of caymanite than the
":;. N aerated vadose’  zone subjected to periodic heavy
preéipitatipn..;" (Semeniuk ;971, p. 948).

~
Caymanite also fesembles descriptions of cave sediments

in Carlsbad Caverns (Good 1§§7). Like the cayﬁénite at
Pedro;s Castle Quarry, the sed}ment§ at the Caverns occur
beneathvlayer§ of flowstone. There are whlte, brown, blaCk,
grey, yelldw; and rea sediments at Pedréjs Cagtle Quarry and
" Carlsbad Caverns, Erosion has also prodyced similarities
between lgcalities ig that it has a;de the contécts between
laminae irregular. Caymanité sometimes contains aiternating
laminae of coarse and fine grain sizes (Fig. 3); at Carlsbad
Cavernis, Good (1957, p. 12) noted that a sample of
"...brick-red silt examined under the birnocular micréscope
) N
was found to be coﬁposed of- sand and silt in alternating
iayefs.less than one half inch thick". Cut and fill ~
sﬁructures are noted among caymanite laminaev(Figﬁ. 10a; 11a
. =.d) and are apparently commoh:ih the Carlsbéd Cavérns (Good
1957). The brecciasinoted at the bases of some'caymanité'
sequences a;elbelievédkyo,bé_stream cobbleé from an
underground stream'which flowed prior to (in the case of
breccias at the *-ses'of caymanite sequences, Fig. 13c) and

L
.~ during (where the cobb s are in and among caymanite
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lamjnée, Fig. 10d) caymanite formation. A-Stream which
deposited limestone cobbles in Carlsbhad Caverns alsd eroded
sediment and incised trenches into the underlying si%t-and
. sand deposits (Good 1957). Finally, the suggestion that- the
water table provided a stratigraphic control whicﬁ
influenced the positions of some caymanite filled caves on
®
Cayman Islan# is corroborated py Good's 51957, p. 20)
observatjons that "In addition to phreatic conditions the
position of the water table was a very important>féctor
during the formative period" (of the caves).

The conclusiod‘that cayﬁanite was deposited and eroded
by two types of stream activity, and that the caves were
ermed by yet another type of watér activity, is congruent
with White and Dunn's {1962) work in Jamaica. First, the
agents which created the caves on both Grand Cagman and
Jamaica were strictly éenerating‘new cavities and enlarging
others; th;se waters were not depositing cave sediments. Ih
faét, White ahd;Dunn (1962, p. 23)‘suggested that the caves
were formed by "...sub-water table str;aﬁs in the shallow
phreatic zone..." while éhe floodwaters which deposited clay
sized caymanite must_haVe'been~6i a different stream cycle
‘than those which carried cobbles or cuf channels into
pre-existing laminae. o

After the lithification of the Bluff formation, caves
were created by karst solution at water table level and by
leaching~of fossils. The spectacular caymanite sequence at

N

Pedro's €astle Quarry, prior to its destruCtionlby dynamite
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blasting, provided strong evidence that caymanite is a

liwhified cave or cavity fillipg sediment. This seguence

also contained features indicative of deposition by flowing

waters. The information gathered firom Pedro's Castle Quarry

includes: . - o .

1.° the sedimentary rocks in the sequence did notAcompletely
fill the void, therefore the host rock must have been
11th1f1ed prior to dep051txon of the sediments.

2. there were no sediments deposited 1mmed1ate1y beneath
the roof of the large void, and the roof could be seen
to have solugion scallops. These scallops are common
features of cave €00fs and walls (White and'bunn 1962).

3. flowstone was the youngest and stratigraphically highest
of the four sedimentary rock types .in the seguence.
Flowstone is a calcium carbonate chem1ca1 precipitate
characteri/tlc of the vadese zone in caves (Monroe
1970).

"4. the sedimentary structures betweenylgminae'of caymanite
included cross;lqminatibns, cut and fill sequences and
variabiy thick laminae. Such structures could only have
been created by water flowing through the host rock.

Ebhemeral, subterranean s;reams, formed annually on

Grand ‘Cayman Island during the rainy season between May and

Novemb?r (Sauer 1982) could havé carried and deposited

sediment, which formedgcaymanite. The storms during this

season wou}d'create-high water-veldcities and herce high
<Mseaiment qérfying capacities when water was channelled
| . ‘
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through underground cave and cavity systems.

The sédiment depbsited by these storm generated rivers
in the cavVves would therefqre be periodic, having been
deposited during reqular intervals. During the dry season
from December to April, the lamina which had been deposited-
that year would lithify sufficiently to remain. cohe51ve
dur1ng the next rainy season, when the underground ephemeral
streams formed again. Did more than one lamina form during
the same year? Or, perhaps those laminae wﬁich aré'parallel
to each other or cross bedded (not laminae depdsited before
and after an erosional event, such‘?s a channei incision,
'occurred) were deposited during one season, érom the same
underground ephemeral river. Certainly some laminae are
gradational in colour ﬂFig} 10d) while others have abrupt
colour‘chanées‘betﬁeen‘adjacent 1éminae (Fig. 10a).
Gradational colour changes were deposited from the same
river in one cycle. ‘ - Y &

Approximately 97-99% (by weight) of the caymanite
samples is dolomite (Collar 1985, University of Alberta,
unpubl.). ThlS dolomite consists mainly of detr1tal
dolom1te, wh1ch was transported and deposited by the
ephemeral, subterranean rivers. Its abraded and" '
.anhedral/subhedral morphology suggests it is detrital,
;lthough its source wag not the Bluff formation dolostone.
Nor is the dolomite a j&placement phenomenon of cave

sedimented calcite. Since the mangpnesefsoﬁgﬁming bacteria

have corroded and replaced dolomite grains, it is obvious



\ ‘ + R 6 N 20

that the dolomite was in the cave as unlithified sedimenf.
Most 6f the river system dried up ?etweggca;iny
seasons.-The bacteria, which were present in those caves and
cavities with coloured laminae, require moisture fg;\
survivad and hence there ;as probably-some (standihg)wwater
remaining in the caves. These bacteria became qdéted by
‘minerals which they derived from either ;he>sediﬁent or .the
- water in the cavities. The coatings of méng;nese and iron,
with traces of nickel and copper pigmented the black, grey,
orange, Qnd red laminae. The bacteria coﬁld have iﬁhéﬁited
the cavities while detrital dolomite was béing transported
and deposited as cave ;;diments. Cave inhabiting, manganese
assoclated bacteria, are commonly referred to in the

literature (Moore and Nicholas 1964; Moore-1981; James and

Choguette, 1984).



VII. DEPOSITIONAL MODEL

The origin of ceymanlte Fan essent1a11y be broken down
into three parts, namely: (1)~where did the  sediment that
forms the caymanite originate, (2) what mechanism(s) is
responsible for the .vgriety of sedlmentary structurés
present in the caymanlte and (3) what cauSes the coloratiof
of the various laminae? Although some problems remain to- be
_solved variopg lines of evidence can be developed into}a
‘model which may explain the varied and complex facts of
caymanite formatioﬁ.

The dolomite in the caymani;e is isotopi?ally heavy

»

(Collar 1985, unpubl..), and there are two 'environgents 1n

.. which th1s type of dolomite cauld have formed. The flrst is
2 sabkha or any region subjected to high evaporation rates.

The second is an area enriched with mic¢roorganisms, such as

, \ ‘
a swamp. There are no sabkhas on Grand Cayman-Island and

none éﬁe}fecd}ded'in t&é island’s geologic history: There
are, however, numerous swa&ps oﬁ the island which are
7sub3ected to hlgh evaporatlon. These swamps are also r1ch in
m1efeorgan1sms. Collar (1985, unpubl ) aFgued that swamps,
such as that at Hell (Fig. 3) are ideal loca11t1es for the
prxglnlof tHe 19btop1cally heavy dolomlte. Folk and McBride

(1976) also argued that the sediment in caymanite originated

in the swamps. ‘
The. b1olog1cal process of methanogenes1s could occur in
swamps and ponds of stagnant vater, where m1croorgan1sms

Qloug1sh.;¢h1s process results in the proauct{on of methane,
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water, and carbon diox%ﬁé.by'the destruction'oﬁ organic
matte;. "Duriﬁg this procésé the micfoorganisngs fractiona}e
_the heavier lsotopes into carbon dioxide. Methanogegesié
will therefore cause a sharp increase in the delta values of
the cafbonates precipitatinélin this water..." (Cbllar.1985,
unpubl.,lp 25). Methanogene51s may be occurring in these
fresh water swamps that have odorous sedlments on the
bottom. Samples of these muds~w§re collected and analysed Ey
Collar (1985, unpubl.). The isotopic analyses of the
dolomites from the muds at Hell swamp showed that while th;y
are heavy, they are‘slightly lighter than the dolomite 15

the caymanlte.,Collar (1985 unpubl.) explained that isotope

values would turn out to be lighter in the tests than they

®,

actually are because of an énalytlcal d1ff1dulty "S1nce the

. Hell dolomlte values are probably only minimum valdes, the

.

Hell dolomites should agtually plot ‘closer to, or wlthln
thel;;ymanlte fleld" (Collar 1985, unpubl p. 28). Thus,
this env1ronment is a suitable place for the ‘nucleation of
,the dolomlte comprlslng cayman1te.

Micrbcrystalline dolomlte In the swamp mud from Hell
comprises 70% of the«dess than 5u size. fract1on,‘and yet
only 5% of the bulk sample (Collar 1985, unpubl p. 26).
'C?}§1der1ng the s1m11ar1t1es of 4sotopes and sizes of
;dolomlte, it is poSszble that the dolomite 1n the swamps was
the source of the dolomite in the'cayman1§e. The prOportlop
. of dolomite in'caymanite,iéfpuch higher than;in the

s

sedimehts‘from Hell; thus, thé michcryStalline dolomiie
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must have become éoncént%ated prior to its dfpositioh in
cavities as»caymanite. |

An effectigs mechanism of eliminating nondolohite
material would be during the transportation stage, when
swamp sediment was carried into the karst tunnels and
cavities by seasonal rivers (Fig. 23). The dolomite was the
smailest grain size and thﬁs would have been transported in
larger dmounts Epan qoérser grain sizes, and also would have’
been’transported farther into the karst syst;m. The coarse
grained fraction contains mostly aragonite (87% of the bulk
sample), some calcite and minor dolomite (Collar 1985,
unpubl., p. 26). During exceptionally turbulent periods,
when hurriganes generated higher wéter volumes and
velocities; coarse-grained material including sand and
pebble-sized fragments could have been transgorted into the.
.caves and cavities,
There are two problems with this model First, ;
associated with water passing through-the karst system, the
currents would probably be capable of transporting grain
51qes larger than 5u. Thls would be espec1ally true- dur1ng
hurr1canes and the annual rainy season when vast amounts of
water are avallable and capable of transportlng coarser
gra1n sizes than are p;esent in caymanite. Second, SEM
examinatiop of sedime?t from thelswamp at Hell a) showed
very little dolomite and b) bore little resemblance to
material in the caymanite. It is, however difficult to

compare the modern swamp sediment which is rich in organic



Figure 23

Schematic diagram (not to scale) of possible origin of caymanite.
Sea and rainwater transport dolomite from swamp sediments
down joints into karst cavities and caverns and leached
fossils. Depositional structures form in the caymanite-
because of current transportation-in the vadose zone.
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material and other material (which would not survive
lithification) and the lithified caymanite. One would expect
a greater degree of sim.larity between the two if the swamp
sedimerits were the source of caymanite dolomite. It is
possible, however, that the original sediment in the
cavities was later modified by diagenesis to form caymanite

as we now know it. '

A. DEPOSITIONAL EVENTS

The filling of cavities in the Bluff Formation with
caymanite Eniolﬁed both deposition and erosion. A, g
depositohal event is defined as the time during which one
lamina"of caymanite was deposited. Sedimentation was
achieved by water moving through cavities in the vadose
zone. Dunham (1969) alsc noted that a similar process waé
invélved in the formation of laminated vadose crystal silt
in Townsend Reef, New Mexico. Sedimentatjon'varied with
. respect to water velocity, grain size being transported, the
sediment Joad and the rate of deposition; Yariatidhs in
these parameters lead to variability in gfain size, laminae -
thickhess, laminae atiitude as well as formatiqn‘bt
depositional structures such as cross bedding, parallel
laminations and graded bedding. Dunham (1969) attributed
cross-bedding and very high dip angles to vadose
sed;mentation, but did nof elaborate on any changes.in the

systém which would yield such changes in the characteristics

of the laminae. Bathurst (1975) concurred with Dunham (1969)
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yet did not develop the concepts further. Obviously, the

zone of sedimentation and‘the water carrying the sediment

must havé undergone some fluctuations in order to prodyce
cross-laminations, high-angle dips and graded bedding.

" Modification of the sediment already deposited was
achieved-by erosional events. Factors controlliné the degree
of substrate modification include:

1. the degree of‘lithification of. the substrate prior to
erosion;” this in part would have béen a function of the
time interval between deposition and erosion.

2. the veldcity of the waters moying through the cavity.

The most common features produced during these erosional

events were channels (Figs. 5, 12a). Such channels were

later filled during the next depositionai event. |

Deép channels (Fig. 5), such as that in one sample from

Blowholes probably represent a high velociéy stream wﬁicH

was capable of extensive downcutting. éonversely, a shallow

channel méy'indicate;a less éowerful Etr@am'tﬁaf'was moving
slowly. A sha%@ow};hanﬁel_may é;so signif} ode that was not
eroded for as loné as ﬁ&%;deepeg one.

Depositional evenésrappeaszb"have been more common
than erosional events, During‘dépositiqnal évents, detrital
dolomite was transported from ;hé surface through
underground streamg into cayities in the ﬁluff Formation
(Fig. 23). The paucity of euhedral{erystals, and abundance
of anhedral dolomite grains (Fig} 17a) attests to their

0 .
transportation. Vadose silt in the Townsend Reef (Dunham

z
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1969) was transported from the subaerial surface into the
)

vadose zone by moving water. The karst and joint systems in
the Bluff Formation provide an igeal subterraﬁean network of
channels through which rainwater and seawater could move
(Fig. 23). This would be especiall¥ true during storm
periods (particularly hurricanes). 9% seems probable that

seawater would also be driven into such subterranean tems

during periods of hurricanes, since it is known that

o
-

seawater does innundate parts of fhe island. It these
seasonal waters, with fluctuating velocities and volumes

which transported and deposited the detrital dolomite which

. " r

later formed the cayﬁanite.

Three processes were concomitantly involved in the
formation of a caymanite lamina, namely (1) deposition; (é);
formation of sedimehtary structures and (3) pigdentation.‘
1. DEPOSITION: each lamina of dolomite appears to be thé,;

' v
product of one depositional event. Deposition may have

aq
%

octurred progressively as the waters moved through the

o’

cavities. It seems more probable, however, that
deposition occurred very rapidly in the waning stages of
thé flood event; That deboé{tion occurred from moving
waters was demonstrated by’Dunham (1969) who described
similar, laminated filled cavities in New Mexico. Most
of tﬁe laminated cavity fills that he examined were
completély filleé, and no voids existed at the top of
the cavity. The cavities céuld noﬁ have been "... filled

to the top by simple infiltering " (Dunham 1969, p.
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160).

2. SEDIMENTARY STRUCTURES? Dyring deposition of the
sediment a variety of sedimentary strudtures'developed.
Four types of,sedimentary_structures occur 1in caymanite:
(1)\cros§;1amiﬁatioﬁs; (2) parallel laminations; (3)
graded lamin;tiqns and (4) channel filling laminae.
Where cénditions-temained constant in a cave or cavity ’
thr;Lghout depositional evénts, thin laminae were
deEosited pdgéllel to their predecessors. In an
apparently similar depositional environment Dunham
(1969) and Bathurst (1975) also noted the presence of
Cross lam1na;, parallel laminae, and steep dipx

. dlrectlons Sod% l?rggr sequences shov remarkable
lateral contfnuié} épong_;heir laminae (Fig. 6a).

* However, if the mbrbhologyvof the cave stream's channel
changed or fraction%lgaasmﬁéfe_involved,\
cross*}éwinations regplyed (Fig.- 7). When coarse
matefiai'was includgd 3n’the sédiment‘load, graded
bedding resulted. Gradqﬁwbedding is, howe&ef1 rare in

caymanifé. i% Chahneisfﬁad'beénﬂéro&éd iﬁto previously

depoalted cayman1te lam1naey succe551ve depositional
events served to £ill thqse chanbeas.A

3. ‘P}GMENTATLDN of a lamlpa occurred as bacterla, l1v1ng

- L?. or transported 1n¢o the cave, oxldlzed manganese and
Vo BRI *

”;”iron, along wlth m1nonvamounts of nlckel and copper.

L <

%}I‘he;e metals were transported inb'b,'éé'viti;gs’f“i'n‘ very
sma}lnamountsv(Table 1), eithgr aohtEmporaneOUSIY wifh,
‘ _ . L € , w!
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the'dolomite, or after the dolomite was deposited, with
groundwaters that had passed through terra rossa soils.
The terra rossa soils are the only known source of the
metals (Table 1), and occur on the surface bf the 1sland
or in pockets in the Bluff Formation. The bacteria
oxidized the metals for energy, and these processes in
turn coloureg laminae black'andkgrey (manganese rich)t
and red and orande (iron 'rich). 1f no bécteria were
preseht then the sedimenﬁ remained white. Pigmentation
ot sediment by bacteria is a common phenomenon {(Foster
1949, Murray 1954, Broughton 1971, and Hill 1976).
Continued deposition of sediment resulted in
progressivé stacking of different colouredplaminae. For
’éxample, the formatidh of coloured cross-laminations,
gradational boundaries,,and parallel laminatjons each
represent different depositional environment conditions.
) Therefbre each deposit{onal event _was gaso unique. As
laminae were depos1ted in different forms, bacteria
still p1gmented\man§ of them. The comb1nat1on of-
varlable charaéterxstlcs of the dep051t10na1 system:
metal ox1d1z1ng, sedlment pigmenting bacteria, ;nd 3
development: of deéosiiional structures broduced

[3

caymanite in cavities and caves.
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B. TIME

The timing of the various depositional and erosional
evéhts 1s of paramount ihportance. Folk and McBride (1976)
did not account for the repetition af events in their
description of how caymanite formed: a marine transgression,
causing "... black, stinking mud..." (p. 667) to filter
through the karst system does not adequately explain the
laminations idf;aymanite. The duration of sedimentation
‘would obviously have influenced lamina thickness. Also, a
large volume of water, ca#rying a large sediment load, ;;uld
geﬁerate a thickef lamin§ than a smaller volume of water.
Thbrtdme between depositional events would have influenced
the degree of lithification. This in turn would have partly
controlled the effect of succeeding erosional events,

+ The consisténcy in the appearancé of laminae in any
caymanite sample is important. While the minute details
differ; the rock usually comprisés~a series of Ehin, evenly
xcoloured laminae of relatively unifcrm thicknesses. Had the
duration’of‘deposi;ional évents‘or the volume of water and,
corresponding sediment load changed with each subsequent
eVent; the laminae would be of different thicknesses.

E?Ds;pnal channeIs‘pfovide convincing examples that the
laminae were sufficiently lithified prior to erosion so
that, when the channel was carved, slumping did not occur.
The channels pfesent in GC 83 526 (Figq. S),have very steeply
dipping sides (up to 35°), which are beyond the anéig of

repose unleés laminae were partly lithified. Certainly they

\
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were néf fully lithified or seasonal erdsion would not have
been feasible. bﬁnham (1969) Observed steeply dipping (up to
40°) floors in cavities filled with vadose crystal silt.
Although he did not discuss the stability of such laminae'j
prior to lithification, he noted that the tectonic dip on
the Townsend Mound was only 2° (Dunham 1969, p. 151), thus
the high-angle dips were sedimentary. GC 83 480, from the
east end of the island, contains an érosional channel that
was never combletely filled (Fig.\12a) and thus, the
caymanite is‘geopetal. Erosion of small pockets of cayﬁanite
(Fig. 5), and subsequent deposition of a younger phase of

‘

caymanite, occurred in another sample.

Very coarse sand to pebble sized, subangular to
‘rounded, dolostone fragments from the Bluff Formation
were rarely incorporated in the caymanite dep?sits (Figs.
11&; 14c, e). These may have originatedAby collapse and
AAS:eaking off of pieces from cave roofs, or they may have
been transported into the cave's by the karst streams.
’;Limestone ana dolostone pebbles and fragments lining cave
streams are common (vobre and Nicholas 1964; Potter and
{Rossman 1979). Since some frégments in caymanite are rounded
'(Fig.'11d) it would suggest they were reworked by the
-streams. Thé irreéular occurrence of these conélomeratic
-stream'aeposits indicates periodic high velocity currents..
Some of these fragments are coated with a thin black
manganese rich coating (Figs. 11d; 14c, e). These are

similar to the coatings observed by (Broughton 1971; Bull
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1983). Apparently these coatings develobed after the
fragmenés were depositedi in one examplé (Fig. 11d) the:
coating on a pebble extended downward only to the level of a
black lamina. This suggest; that the dolostone was partly
buried in caymanite and became coated with manganese as the
black lamina formed.

The a?nual five month rainy season between December and
April (Sauer 1983) would be.a reasonable time for the drigiﬁt
of these laminae. During these months high volumes of 3
rainfall would rush down the joints and through the karst @
cavities and caves depositing and eroding microcrystgiline
dolomite (Fig. 23). The volume of water would determine the
velocity of the underground streams, and the length of time
that‘stiment would be deposited. During periods of
exceptionally high rainfall when velocities were also high,
coarser grain sizes, such as those fragments from the Bluff ..

(o] .
Formation, could be transported and deposited by the cave

Sstreams.

!
C. EROSION

‘ Erosional eQents are also evideﬁt in caymanite. Erosion
is evident between generations (groups of laminae with
similar characteristics) by channels. There is no detectable
pattern of erosion: some samples (Fig. 6a) have no evidence
of erosion while other samples (Fig. 5)ggont{ihiconsiderable
evidence of erosion. Thus, erosion did'not“oécur regularly

after the deposition of éach lamina, or even after a certain
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number of laminae. This concurs with the suggestioh;that
seasonal hurricanes may have been responsible for the
deposition of laminae, and high velocity currents during
hur€tcane or exceptionally rainy seasons caused‘erosion of
laminae and deposition of coarse-grained fréghents (Fig.

“

23).

There are two possible relationships between the water -
‘which caused erosion and’&hat which resulteé‘in the
deposition of the dolomite, namely: (1) the erosional-
currents were entirely separate from the depositi;nal ones,
and (2) the erosion occurred during a high Qélocity period
of the current, which later slowed to thé velocity required
to deposit the fine dolomite grains. Evidence supports both
possibiiitieé. In one sampie (Figs. 12c, d) a channel in
caymani&e has been filled with both coarse and fine grained
sedimeﬁt. The interpretation of this sequence-is that a high
veioci&y current eroded a channel into previqusly deposited
1amin#e, and as the current slowed it deposited material of
decregsing grain sizes. A second sample (Fig. 113) also has
a chénﬁel but one which has been filled‘onl& with caymanite
and no coarse grained material. This may represent‘a
siﬂuation where one current carved fhe channel while a

sdéond current, much more lethargic than the first,

qéposited the channel-filling sediment.



VIII. CONCLUSIONS
Caymanite hag been examined macroscopically,
microscopically and chemically. "Although some quesﬁions
remain to be answered, the follow%hg important conclusions
can be made:

1. Caymanite is a multicoloured lamindted dolostone that
occuples cavities in the Oligo%ene Miocene Bluff
Formation. The cavities and caverns were created by
leaching of fossils and by karst solution processes.

2. Caymanite is composed of very small anhedral crystals of -
dolomite, ‘rare calcite, and traces of aluminidm rich
particles. The coloured laminae also contain manganese,
iron, and minorinickel and copper. \

3. The dolomite may have been derived from sediments that
are forming and accumulating in the swamps on the
island.

. . <

A- The.metallic minerals occur as precipitates coating
sphericalrbacterial colonies and rod-shaped bacteria. .
These are the colouring agents of the red and black
laminae. Bacteria living in the cavities during the time r

-of formation of caymanite oxidized and precipitated the

metals., .
G

5. The manganese, irén, nfckel and copper in the caymanite .
prébably origin;ted in the terra rossa soils.
Groundwaters brought the metéls into the cave sediments, °*.

6. The dolomite was transported to the cavities via a well

‘ N e s . ;
developed system of joints and fractures into the
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caverns, cavities and leached fossils in the vado;e
zone.

7. Rain and seawater carried the dolomite into the karst
system. Because of the large volum;s of water involved
éﬁd high vglocities, hurricane seasons are probabl}’
periods when anmanite would haveibeen dgbositedﬁw

Problems associated with the origin of caymanite that rgmaim

to be answered include:

1. The age of caymanite: did it all form at one period in

.

geological history or did it form by an ongoing process
that is still operative today.
2. The mechanism by which the fine dolomite grains were

concentrated from highly variable swamp sediment.

/
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