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ABSTRACT

Cenozoic “island dolostones™ are found on islands throughout the oceans of the world.
Due to their geological youth and lack of deep burial, these dolostones provide an opportunity to
resolve some of the mysteries surrounding the dolomite problem. In island dolostone bodies,
which are of variable size and variable dolomitization, the petrographic and geochemical
properties of the dolostones are characterized by geographic and stratigraphic variations. In the
larger island-wide dolostone bodies, like those found on Grand Cayman, there are progressive
increases in mole %Ca (%Camean: 53.9 to 57.6%), depletion of the heavier 0 and '*C isotopes
(8" 0mean: 3.6 t0 2.1%o vpDB; 8'*Cmean: 3.1 to 1.4 %o vepB), and changes from fabric-retentive to
fabric-destructive fabrics and a decrease in the amount of dolomite cement from the coastal areas
towards the centers of the islands, similarly on the Little Bahama Bank. These changes define
geographically concentric zones that parallel the coastlines and reflect geochemical modification
of the dolomitizing fluid through water-rock interactions, mixing with meteoric water, and the
changes in the rate and flux of seawater as it flowed from coasts to island interiors. The pattern
of dolomitization, however, is not consistent from island to island because geographic and
stratigraphic variations, specific to each island, influenced groundwater flow pattern (e.g.,
geometry and size of the islands; the porosity and permeability of the precursor limestone), the
duration of the dolomitization reaction, and other factors. The geographic extent of
dolomitization and variation in dolomite stoichiometry of island dolostones may be comparable

to the reaction stages established in high-temperature laboratory experiments.
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INTRODUCTION

The origin of thick, aerially extensive dolostone bodies, which are common throughout
the geological record, is still the subject of much debate (i.e., the “dolomite problem”; Land,
1985; Budd, 1997; Machel, 2004). Resolution of the “dolomite problem” has commonly been
addressed by considering “island dolostones” (Budd, 1997) that are integral parts of Cenozoic
successions on many islands throughout the oceans of the world. They are prime candidates to
address the problem because, unlike most older dolostones, they have not been subjected to deep
burial diagenesis, and have originated in environments that can be reasonably inferred from their
present-day setting. Even so, many different dolomitization models have been proposed to
explain the genesis of these island dolostones including tidal pumping, seepage influx, brine
reflux, mixing zone, ocean current pumping, and Kohout convection (see Tucker, 1990, his Fig.
8.31; Budd, 1997, his Fig. 1).

In many cases, suggested origins of island dolostones have been based on isolated
successions with emphasis being placed on stratigraphic variations in the various attributes of the
dolostones. With the notable exceptions of Vahrenkamp & Swart (1994), Fouke (1994), Gill et
al. (1995), and Budd & Mathias (2015), little attention has been given to any geographic
variations that may exist in the petrographic and geochemical attributes of these dolostones. Ren
& Jones (2017), based on dolostones found in the Cayman Formation (Miocene) on Grand
Cayman, clearly demonstrated that geographic variations in dolostone petrography, and dolomite
stoichiometry were more pronounced and important than stratigraphic variations. They
suggested that this was due to subsurface environmental variations from coastal to inland areas.

Attempts to produce a unified model that explains the pervasive dolomitization of the

Cenozoic successions on oceanic islands have been complicated by the fact that the data
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available from those islands are highly variable and commonly prevent assessment of geographic
as opposed to stratigraphic variations in the dolostones. Assessment of available data from
“island dolostones” shows that progress on this issue has been hindered by (1) inconsistent data
sets, especially in situations where the island dolostones are known only from a limited number
of wells and/or localized outcrops, (2) a primary focus on stratigraphic variations with little or no
consideration given to geographic variations in the attributes of the dolostones, (3) for individual
island dolostones, focus has commonly been on the average level and “commonalities” of their
geochemical and/or petrographic data while ignoring the information behind those “differences”
and variabilities, and (4) little integration between the attributes of the island dolostones and
information obtained from laboratory synthesis experiments. Herein, an attempt is made to
evaluate island dolostones from a worldwide perspective with a view of summarizing our current
understanding of their genesis. Emphasis is placed on assessing the importance of recognizing
geographic variations as well as stratigraphic variations in the petrographic and geochemical
(e.g., dolomite stoichiometry, stable isotopes) properties of the dolostones. An attempt is made
to integrate experimental information into the interpretation of island dolomitization. In so doing,
this paper highlights the shortcomings in current interpretations of island dolostones and outlines
the approaches and types of data that are needed to resolve many of the problems that hamper

our understanding of their origin.

DATABASE

Cenozoic island dolostones have been found on many islands in the Caribbean Sea, the
Atlantic Ocean, Pacific Oceans, Philippine Sea, and South China Sea (Table 1; Fig. 1; see also
Budd, 1997, his table 2). The size of these islands ranges from tens of square kilometers (e.g.,

Cayman Brac) to over a hundred thousand square kilometers (e.g., the Great Bahama Bank).
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Island widths range from ~2-3 km (e.g., Kita-daito-jima, Cayman Brac) to over 100 km (the
Great Bahama Bank). Most studies of island dolostones have been based on surface and near-
surface samples collected from outcrops and well cores to depths of ~100 m, although deeper
wells have revealed Cenozoic dolomitization to up to 300 m below present sea level on some
Pacific atolls (e.g., Funafuti, Midway; Ladd et al, 1970), to ~600 m on the Great Bahama Bank
and the Xisha Islands (e.g., Swart & Melim, 2000; Wang et al., 2015), and 1400 m on Enewetak
(e.g., Saller, 1984).

While acknowledging that stratigraphic variations in island dolostones do occur, this
study also examines the importance of geographic variations in the dolostones. Accordingly,
preference is given to those islands that are characterized by thick, geographically widespread
dolostones that have been well characterized by large arrays of stratigraphically and
geographically distributed samples. Ideal examples include the surface to subsurface dolostones
found on Grand Cayman (Jones, 1989; Jones & Luth, 2002, 2003a, b; Jones, 2004, 2005; Ren &
Jones, 2016, 2017), Cayman Brac (MacNeil, 2001; MacNeil & Jones, 2003; Zhao & Jones,
2012a, b), the Little Bahama Bank (Vahrenkamp et al., 1991; Vahrenkamp & Swart, 1994), Kita-
daito-jima (Ohde & Elderfield, 1992; Suzuki et al., 2006), and Mururoa (Aissaoui et al., 1986).
Examples that are geographically localized or represented by limited numbers of samples are
used with caution.

This study is primarily based on data from two sources (Table 1). Data for the Cayman
Islands builds on the data that Pleydell et al. (1990), Ng (1990), Willson (1998), Jones et al.
(1994a, b), Jones et al., (2001), Jones & Luth (2002, 2003a, b), MacNeil (2002), MacNeil &
Jones (2003), Der (2012), Zhao & Jones (2012a, b, 2013), and Ren & Jones (2016, 2017) used in

their assessments of the Cayman dolostones. Data for the other islands come from works by
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Schlanger et al. (1963), Berner (1965), Deffeyes (1965), Ladd et al. (1970), Chevalier (1973),
Land (1973, 1991), Bandoian & Murray (1974), Supko (1977), Sibley (1980, 1982), Rodgers et
al. (1982), Saller (1984), Ward & Halley (1984), Aissaoui et al. (1986), Aharon et al. (1987),
Swart et al. (1987), Dawans & Swart (1988), Humphrey (1988, 2000), Humphrey & Radjef
(1991), Vahrenkamp & Swart (1991, 1994), Hein et al. (1992), Ohde & Elderfield (1992), Beach
(1993, 1995), Fouke (1994), Lucia & Major (1994), Machel et al. (1994, 2000), Gill et al.
(1995), Wheeler et al. (1999), Swart & Melim (2000), Melim et al. (2002), Suzuki et al. (2006),
Wei et al. (2006, 2008), and Wang et al. (2015). Most of these data came from the tables,
appendices, and reports in those papers. Where datasets were not supplied, data were extracted

from the figures used in the papers (Table 1).

EXTENT OF DOLOMITIZATION

The extent of dolomitization in island carbonates is highly variable. Based on the
geographic scale of a dolostone body relative to the size of the island and the dolomite content in
the rocks, the bodies are herein divided into: Group A, regional dolostones, and Group B
localized dolostones/dolomitic limestones (Table 1). Regional dolostones refers to those
dolostone bodies that are formed largely of dolostone and geographically cover at least half of
the island. Localized dolostone/dolomitic limestone bodies are those that are stratigraphically
and geographically restricted and typically cover less than half of the island and invariably
contain limestones that have been only partly dolomitized. The regional dolostones form sub-
groups Al, which includes those dolostone bodies where geographic and stratigraphic variations
in the properties of the dolomite can be documented from numerous different localities, and A2
that includes those islands where geographic variations cannot be established because the

succession is known from only one well.
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In general, group A dolostones are less common than those in group B. In group B, the
dolostones are more common in the coastal areas than in the center of the island. Budd (1997, p.
33) pointed out that logically “... partial dolomitization should be focused towards the periphery
of an island, atoll or platform...”. This situation is illustrated by the Cayman Formation on the
eastern part of Grand Cayman (Ren & Jones, 2016, 2017) and on the Great Bahama Bank (Beach,
1993, 1995), where limestones and dolostones at the margins grade into limestones in the bank
interior.

There is no uniform stratigraphic relationship between the extent of dolomitization and
the ages of the formations. On some islands, older, deeper parts of the succession are less
dolomitized than younger overlying strata. Examples of this architecture include Cayman Brac,
where the partially dolomitized Brac Formation (Oligocene) is overlain by the pervasively
dolomitized Cayman Formation; Niue, where the partly dolomitized Lower Dolomites (Late
Miocene) are overlain by the pervasively dolomitized Upper Dolomite (Pliocene) (Wheeler et al.,
1999); and the Xisha Islands, where the absence of dolomite in the Lower Miocene Xisha
Formation contrasts with the pervasively dolomitized rocks in the overlying Middle Miocene

Xuande Formation and Upper Miocene Y ongle Formation (Wei et al., 2006).

PETROGRAPHY

At island-wide scales, Cenozoic island dolostones range from fabric-retentive to fabric-
destructive (e.g., Vahrenkamp & Swart, 1994; Ren & Jones, 2017). The dolostone fabrics,
however, have been classified in different ways. Budd (1997), for example, divided island
dolostones into mimetic, non-mimetic but texture preserving, and non-mimetic and texture
destroying. In contrast, dolostones on the Bahamas Bank (Dawans & Swart, 1984; Vahrenkamp

& Swart, 1994), Niue (Wheeler et al., 1999) and Kita-daito-jima (Suzuki et al., 2006) have been
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classified as crystalline mimetic, crystalline microsucrosic, crystalline non-mimetic, and
microsucrosic dolomites.

Geographic variations are evident in the fabrics of group A1 dolostones, including those
found on the Little Bahama Bank, Mururoa, Niue, and Grand Cayman. On those islands, the
depositional fabrics of the dolostones are better preserved in the coastal areas than in the interior
of the island. In the Cayman Formation on the east end of Grand Cayman, there is a gradual
change from fabric retentive fabrics in the coastal areas to fabric destructive fabrics in the
interior of the island (Ren & Jones, 2017). Similar transitions are also apparent in the Cayman
Formation on the western part of Grand Cayman (Jones & Luth, 2002). In contrast, only fabric
retentive dolostones are evident in the Cayman Formation on Cayman Brac, which is only ~3 km
wide (Zhao & Jones, 2012a). On the Little Bahama Bank, crystalline mimetic dolomites are
more common near the bank margins and there is a gradual change to microsucrosic dolostone
inland (Vahrenkamp & Swart, 1994). On some islands, there is a parallel landward decrease in
the amount of dolomite cement. This is illustrated on Mururoa (Aissaoui et al., 1986) where
void-lining dolomite cement or overgrowths on replacive dolomites (Type 2 dolomite in
Aissaoui et al., 1986), is best developed in the hard-crystalline dolostones found around the coast
of the island.

For groups A2 and B, the diagenetic fabrics can be related to their geographic and
stratigraphic locations. Examples of fabric-retentive textures include those found in the (1)
Pliocene dolostones from the coastal area of San Salvador (Dawans & Swart, 1988), (2)
Pleistocene dolostones from Hole 2 drilled in the coastal area of Aitutaki (Hein et al., 1992), (3)
Upper Miocene dolostones from Xisha Islands (Wei et al., 2008, their Fig. 5; Wang et al., 2015,

their Figs. 4, 5), (4) dolostones in the Seroe Domi Formation (Pliocene) on Bonaire and Curacao
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(Sibley, 1980; Fouke, 1994), (5) Upper Dolomites (Pliocene) from Niue (Wheeler et al., 1999),
and (6) Pedro Castle Formation (Pliocene) from the Cayman Islands (MacNeil & Jones, 2003).
These examples show that fabric-retentive dolomites are commonly found in the shallow coastal
areas of a regional dolostone body where dolomitizations probably occurred immediately after
the sediments were deposited. Dolostones with fabric destructive fabrics are found in the interior
of many islands, including those from a well drilled in the interior of Kita-daito-jima (Suzuki et
al., 2006), in the incompletely dolomitized limestones in the Oligocene dolostones from the Brac
Formation on Cayman Brac (Zhao & Jones, 2012b), in the Lower Dolomites (Miocene) on Niue
(Wheeler et al., 1999), in the deep part of the succession on Enewetak (1250 m below surface;
Saller et al., 1984), and the Miocene dolostones on San Salvador (110 m below surface; Dawans
& Swart, 1988). In all cases, these fabric-destructive dolostones are overlain by dolostones
characterized by fabric retentive textures (i.e., Pliocene dolomites above Miocene dolomites
from Kita-daito-jima, Upper Dolomite above the Lower Dolomite from Niue, Cayman
Formation above Brac Formation from Cayman Islands, and Pliocene dolomites above Miocene
dolomites from San Salvador). In general, the distribution of these fabric-destructive dolostone
samples indicate that the original depositional fabrics evident in the deeper and/or interior
dolostones on the islands are not as well preserved as the overlying younger, coastal dolostones.
In most Cenozoic island dolostones, the dolomite crystals are microcrystalline (< 1 pm)
to ~2 mm long (Budd, 1997). In the dolostones from the Cayman Islands and the Bahamas,
crystal size is correlated, to some extent, with the diagenetic fabrics (cf., Dawans & Swart, 1988;
Vahrenkamp & Swart, 1994; Zhao & Jones, 2012a, b). The fabric destructive dolostones tend to
be formed of larger crystals (100200 pm in the crystalline non-mimetic Bahamian dolostones;

50-1500 pum in the dolostones of the Brac Formation from Cayman Brac) than in the fabric
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retentive dolostones (10-60 um of the crystalline mimetic and microsucrosic Bahamian

dolomites; 10-20 um of the dolostones of Cayman Formation from Cayman Brac).

DOLOMITE STOICHIOMETRY

Cenozoic dolomites are invariably nonstoichiometric (Table 2; Figs. 2, 3) with >50%
mole %CaCO3 (hereafter referred to as %Ca). Based on the %Ca, many island dolostones
contain more than one population of dolomite (e.g., Vahrenkamp & Swart, 1994; Swart &
Melim, 2000; Wheeler et al., 1999; Jones et al., 2001; Suzuki et al., 2006). On the Cayman
Islands, for example, dolostones are typically formed of low-calcium calcian dolomite (LCD,
%Ca <55%) and high-calcium calcian dolomite (HCD, %Ca >55%) (Jones et al., 2001). The
LCD and HCD crystals are characterized by different crystal microstructures, submicron growth
zones in LCD, and dissolution slots in HCD (Jones, 2013).

In group Al, geographic variations in dolomite stoichiometry are more obvious in the
larger island (width > 4 km) dolostone bodies than in the small ones. Examples include the
Cayman Formation (Miocene) on Grand Cayman, the Lower and Upper Dolomites (Miocene—
Pliocene) on Little Bahama Bank, and the Daito Formation (Pliocene) on Kita-daito-jima (Table
2, group Al; Figs. 2, 3). The increase in average %Ca in these dolostone bodies from the coastal
area to the island center can be > 2%. On Grand Cayman, the Cayman Formation was divided
into the peripheral, transitional, and interior dolostone zones based on geographic trends in
dolomite stoichiometry (Ren & Jones, 2017). For smaller dolostone bodies, like the Cayman
Formation on Cayman Brac (width ~2-3 km), the %Ca is relatively constant and all dolostone
appears to correspond to the peripheral dolostone zone of the Cayman Formation on Grand

Cayman.
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Dolostones from single wells on islands that belong to group A2 can provide hints as to
the lateral variability in dolomite %Ca when comparison is made with other islands. Two coastal
wells on San Salvador and Chenhang Island (Xisha Islands), for example, have more
stoichiometric dolomites than the dolomites from a well in the interior of Kita-daito-jima (Table
2). In these situations, the distance from the shoreline seems to be an important factor.

For all bodies in group B, the dolomite in partially dolomitized limestones has a high
average %Ca (>54.9%), irrespective of their positions relative to the coast of the island. The
dolomite %Ca may be related to the percentage of dolomite in the rocks, as suggested by an
overall higher %Ca in dolomites from islands that contain dolomitic limestones solely relative to
both dolostones and dolomitic limestones. A negative correlation between the dolomite content

and %Ca is also observed in dolomites from the Great Bahama Bank (Swart & Melim, 2000).

STABLE ISOTOPES

Most island dolostones have positive 6'80 values varying from 0 to +5%o, and §'3C
values from 0 to +4%o (Table 2; Figs. 2, 4). Notable exceptions are those with negative §'*C
values, such as those found in the Seroe Domi Formation on Curacaos (Fouke, 1994) and the
Golden Grove dolostones on Barbados (Humphrey, 1988; Machel & Burton, 1994). The oxygen
and carbon isotopes, like values of dolomite stoichiometry, are geographically variable on
individual islands.

In group A1, oxygen and carbon isotope values of the dolostones generally decrease
towards the centers of islands. This systematic variation is evident in dolostones from the
Cayman Formation on Grand Cayman, the Daito Formation on Kita-daito-jima, the Lower and
Upper Dolomites on Little Bahama Bank, and the Pliocene dolostones on Mururoa (Table 2;

Figs. 2, 4B). For each dolostone body, there is no overlap in the dolomite isotope values
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between the peripheral and interior samples, and there is a positive co-variation between the §'30
and 8'3C values (Fig. 4B).

Dolostones in group B show no particular relationship between isotope values and
locations of samples or with dolomite %Ca (Table 2; Fig. 2). Within individual dolostone
bodies, available data suggest that the partially dolomitized limestones typically have lower 530
and 8'°C values than samples formed entirely of dolomite, as demonstrated by the Cayman
Formation from Grand Cayman and the Brac Formation from Cayman Brac (Zhao & Jones,
2012b) (Fig. 2). Partly dolomitized island carbonates, however, do not necessarily have lower
dolomite 6'0 and 8'*C values than those that have been completely dolomitized. The high
variability in the dolomite isotope values between islands and formations reflects the complexity
of the factors controlling their incorporation. Despite this, comparison between dolostone bodies
shows that most of those with high or low §'80 have correspondingly high or low §!*C values

(Table 2; Fig. 2).

CASE STUDY: COMPARISONS BETWEEN THE CENOZOIC DOLOSTONES OF
GRAND CAYMAN AND CAYMAN BRAC

The carbonate succession on the Cayman Islands comprises the Oligocene Brac
Formation (> 30 m thick), the Miocene Cayman Formation (~100—-140 m thick), and the Pliocene
Pedro Castle Formation (~15-20 m thick) that belong to the Bluff Group, and the Pleistocene
Ironshore Formation (Jones et al., 1994a, b) (Fig. 5). The distribution and attributes of the
dolostones in this succession vary from formation to formation and from island to island (Figs. 6-
8). As such, they are ideal for comparing dolostones of different ages from islands of different

sizes, different morphologies, and different tectonic backgrounds (cf., Jones, 1994).
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Some caution must be taken with respect to the geochemical attributes of the finely
crystalline dolostones that are found in the Cayman Formation and Pedro Castle Formation. The
constituent crystals, typically < 50 pm long and commonly < 25 pm long, are commonly formed
of zones of LCD and HCD (Fig. 8) that are commonly < 10 pm thick. Given that it is impossible
to sample individual crystals and zones at these scales, it is important to realize that all of the
geochemical analyses are averages of the all of the zones and/or crystals that contributed to that
sample. It is also important to note that this problem applies to all samples of finely crystalline

dolostones, irrespective of their age and location.

Extent of dolostones
On Grand Cayman and Cayman Brac, dolostones are present in the Cayman Formation,

Brac Formation, and Pedro Castle Formation (e.g., Jones, 1994), with only minor dolomite

occurrences (maximum 12% content in rock) in the oldest part of the Ironshore Formation (Unit

A) on Grand Cayman (Li & Jones, 2013). With respect to the dolostones in the older formations,

the following points are important (Fig. 6):

e On both islands, the Cayman Formation is the most extensively dolomitized part of the
succession with ~75% of the formation on Grand Cayman and the entire formation on
Cayman Brac consisting of dolostones (cf., Jones, 1994; Jones & Luth, 2002; Der, 2012; Ren
& Jones, 2017).

e On Cayman Brac, the Brac Formation is incompletely dolomitized. On the north coast,
dolomite is absent apart from scattered rhombs and small pods found in the limestones near
the upper boundary (e.g., Jones, 1994). In contrast, on the south coast this formation is

formed of coarsely crystalline dolostones that contains isolated pods of limestone (e.g.,
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Jones, 1994; Zhao & Jones, 2012b). On Grand Cayman, for example, the Brac Formation
found only in the deepest wells, is also incompletely dolomitized.

e On both islands, the Pedro Castle Formation has been variably dolomitized (Jones, 1994;
MacNeil & Jones, 2003). On Cayman Brac, dolostones at the base grade upwards into
dolomitic limestone and then limestone. Collectively, dolostones form less than half of the

formation.

Petrography

The depositional textures of the original limestones are generally better preserved in the
dolostones of the Cayman Formation and Pedro Castle Formation (Jones & Luth, 2002; MacNeil
& Jones, 2003; Jones, 2005; Ren & Jones, 2017) than those of the Brac Formation that is
characterized by fabric-destructive dolomitization (Zhao & Jones, 2012b). In the Cayman
Formation, which has been most extensively dolomitized, geographic variation in diagenetic
fabrics is evidenced (Fig. 7). Most dolostones in the Cayman Formation and Pedro Castle
Formation are formed of finely crystalline dolomite (average 10-30 um, most < 50 um long),
whereas those in the Brac Formation are formed of crystals up to 1.5 mm long. Dolomite
crystals (especially dolomite cement), irrespective of which formation and island they are from,

are commonly formed of zoned LCD- HCD (Fig. 8).

Dolomite stoichiometry
Dolostones from the Bluff Group consist of varying proportions of LCD and HCD and
variable average %Ca (Table 3; Figs. 6, 8).
¢ Inthe Cayman Formation, dolostones range from LCD-dominated dolostones (LCD/HCD >
1), with a low average %Ca in the coastal regions to HCD-dominated dolostones (LCD/HCD

< 1) with high average %Ca in the island interior on the east end of Grand Cayman (Table 3).
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In contrast, on Cayman Brac, the dolostones in this formation are dominated by LCD and in
this respect are equivalent to the peripheral dolostones on Grand Cayman.

e Inthe Pedro Castle Formation on Grand Cayman, dolostones are formed largely of LCD with
an average %Ca <55% (Jones & Luth, 2002). In contrast, on Cayman Brac, the dolostones in
this formation are largely HCD with an average %Ca >55% (MacNeil & Jones, 2003).

e The Brac Formation is composed of HCD-dominated dolostones with average %Ca 56.8 +
0.5% in the pure dolostones and 56.6 + 0.5% in the partially dolomitized limestones (Table

3).

Stable isotopes

There is no readily identifiable pattern in the oxygen and carbon isotope values in the
dolostones from the three formations in the Bluff Group (Table 3). In the Cayman Formation,
the isotope values vary by location: (1) dolostones from the interior part of the eastern Grand
Cayman are depleted with respect to the heavy isotopes, and (2) the 3'30 and §'*C values of
dolostones from the peripheral area of western part of Grand Cayman and Cayman Brac are
lower than those from the peripheral dolostones on the eastern end of Grand Cayman (Table 3).
Dolomite from partially dolomitized limestones from the Pedro Castle Formation and Brac
Formation have 6'0 and 8'3C values similar to those obtained from the dolomites in the
dolomitic limestones in the interior of Grand Cayman (Table 3). In the Brac Formation, the
average 5'80 and 3'3C of dolomite from the pure dolostones are 1.1%o and 0.6%o higher than

those in partially dolomitized limestones (Table 3).

Time of dolomitization
Based on 87Sr/%6Sr dating and stratigraphy, the carbonate successions on the Cayman

Islands appear to have experienced multiple episodes of dolomitization since the Oligocene
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(Jones & Luth, 2002, 2003b; MacNeil & Jones, 2003; Zhao & Jones, 2012a, b; Ren & Jones,

2017), as follows:

e The Brac Formation was affected by late Miocene (8—6 Ma) and Pliocene—early Pleistocene
(5—1 Ma) phases of dolomitization (Zhao & Jones, 2012a).

e Proposed dates for the dolomitization events that affected the Cayman Formation include late
Miocene (8.0—6.0 Ma) and late Pliocene (2.2—1.9 Ma) (Jones & Luth, 2003b), late Miocene
(8—6 Ma) and Pliocene—late Pleistocene (5—1 Ma) (Zhao & Jones, 2012a, b), and late
Miocene (7.5-5.5 Ma) and late Pliocene—early Pleistocene (3—1.5 Ma) (Ren & Jones, 2017).
Dolomitization during the middle Pleistocene may have had a local effect on the formation
(Jones & Luth, 2003D).

e Dolomitization of the Pedro Castle Formation occurred during late Pliocene (Jones & Luth,
2003b), possibly 4.4—1.2 Ma (MacNeil & Jones, 2003).

e The dolomite in Unit A of the [ronshore Formation must have formed after the deposition of

that unit, which took place ~0.4 Ma according to Vézina et al. (1999).

CONSTRAINTS FROM EXPERIMENTAL DATA

In the laboratory, abiogenic dolomite is invariably synthesized at high temperatures with
most being > 175 °C (e.g., Katz & Matthews, 1977; Baker & Kastner, 1981; Bullen & Sibley,
1984; Sibley et al., 1987; Sibley & Bartlett, 1987; Sibley, 1990; Nordeng & Sibley, 1994; Sibley
et al., 1994; Kessels et al., 2000; Kaczmarek & Sibley, 2007, 2011, 2014; Gregg et al., 2015;
Kaczmarek & Thornton, 2017) (Table 4). Lower-temperature experiments typically produce
high magnesium calcite (HMC, mole %Mg > 4%; see Tucker & Wright, 1990) and very high
magnesium calcite (VHMC, mole %Mg > 36%; see Sibley, 1994 and reference therein) instead

of dolomite. Experiments under ambient (~25 °C) abiogenic conditions have failed to precipitate
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dolomite (e.g., Land, 1998). Nevertheless, these dolomitization experiments (Table 4) conducted
under variable reaction temperatures, reactants, and solution compositions, have produced a wide
array of Mg-Ca carbonate precipitates and have provided some valuable insights into natural
dolomite formation.

Many dolomite-synthesis experiments have demonstrated that stoichiometric dolomites
are produced once the calcite/aragonite reactants have been fully consumed (e.g., Katz &
Matthews, 1977; Sibley et al., 1987; Kessels et al., 2000; Kaczmarek & Sibley, 2011).
Development of these stoichiometric dolomites, however, typically includes a long induction
stage and various intermediate phases (e.g., Katz & Matthews, 1973; Sibley et al., 1987; Sibley,
1990; Kaczmarek & Sibley, 2014). The “induction stage”, which is the period prior to the
“...nucleation and growth of dolomite to detectable amounts...” (Sibley et al., 1987, p. 1112), is
critical to the entire reaction process because it can last for a very long time, especially when the
solution has low Mg/Ca ratios (e.g., Kaczmarek & Sibley, 2011, their Table 1). The intermediate
products produced during the formative stages are Ca-Mg carbonates with an array of
stoichiometric compositions include low-magnesium calcite, high-magnesium calcite, very high-
magnesium calcite, and nonstoichiometric, poorly ordered dolomite (Katz & Matthews, 1973;
Sibley, 1990; Sibley et al., 1994; Kaczmarek & Sibley, 2011, 2014). Sibley (1990) suggested
that dolomitization evolves through three-stages (HMC — Ca-rich, poorly ordered dolomite —
stoichiometric, ordered dolomite). Kaczmarek & Sibley (2014) proposed a four-stage reaction
model: induction — rapid replacement — first recrystallization — second recrystallization (note that
here the recrystallization is referred to as increases in dolomite stoichiometry and cation

ordering) (Table 4; Fig. 9B).
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Results from high-temperature experiments indicate that the stoichiometry of synthetic
dolomites is related to the Mg/Ca ratio of the initial solution and the stage at which the dolomite
is synthesized (Table 4; Fig. 9A, B). The Mg/Ca ratio of the solution determines the
stoichiometry of the initial dolomite product (Sibley, 1990; Kaczmarek & Sibley, 2011). As the
reaction progresses until its last stage (i.e., 95-100% dolomite), the Mg content in the dolomite
does not change even though the Mg/Ca ratio of the solution is reduced (Kaczmarek & Sibley,
2011, 2014). During the final stage, dramatic increases in dolomite stoichiometry take place and
stoichiometric dolomite is formed when the precursor calcite is fully transformed to dolomite
(Kaczmarek & Sibley, 2014; Fig. 9B). Thus, it seems that factors that accelerate the reaction rate
or reduce the induction period may promote dolomite stoichiometry. These kinetic-controlling
factors include primarily temperature (high), mineralogy (aragonite versus calcite), surface area
(large), and crystal size of the reactant (small), alkalinity (high), Mg and Ca concentrations
(high), and Mg/Ca ratio in the solution (high), and water-rock ratio (high) (e.g., Katz &
Matthews, 1973; Baker & Kastner, 1981; Bullen & Sibley, 1984; Sibley et al., 1987; Land, 1998;
Sibley et al., 1994; Arvidson & McKenzie, 1999; Kaczmarek & Sibley, 2011; Kaczmarek &

Thornton, 2017; Table 4).

DISCUSSION

Studies of island dolostones have produced many important insights into Cenozoic
dolomitization processes (cf., Budd, 1997) and led to the development of various dolomitization
models and genetic interpretations of island dolostones (e.g., Land, 1973, 1985; Saller, 1984;
Dawans & Swart, 1988; Swart & Melim, 2000; Table 1). Given that most studies were based on
limited numbers of wells or localized outcrops, many models and genetic interpretations were

based on the “average” dolostone properties and/or stratigraphic variations in the petrographic
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and stable isotopic attributes of the rocks, and little thought was given to geographic variations.
Although some demonstrated variations in dolostones at various geographic scales (e.g.,
Vahrenkamp & Swart, 1994; Fouke, 1994; Gill et al., 1995; Budd and Mathias, 2015), no
consensus has been reached with respect to the possible linkages between the geographic
variability and the dolomitization processes.

Using subsurface data from dolostones on Grand Cayman, Ren & Jones (2017)
demonstrated that the geographic variations in the stoichiometric and geochemical attributes of
the dolostones from the coast to the center of a carbonate island are significant and should be
incorporated into dolomitization models (i.e., Cayman model). On Grand Cayman, differences
in dolostone properties evident over distances of 1-2 km from the coastline are apparent in the
(1) composition of the dolomite populations, (2) average %Ca of the dolostones, (3) §'30 and
8!3C values, and (4) degree of preservation of sedimentary fabrics and percentage of dolomite
cement (Fig. 10).

Geographic variations in dolomite stoichiometry and stable isotopes are reflections of the
dolomitization process (Ren & Jones, 2017). Thus, after the seawater enters the island at the
coastline, its chemical composition is constantly modified by water-rock interactions and by
mixing with meteoric water as it flows inland (Fig. 10). If the rate of Mg and %0 consumption
during dolomitization is higher than the supply rate of the seawater, then the high Mg/Ca ratio
and '30 content of the dolomitizing fluid found in coastal areas of the island cannot be
maintained as seawater flows inland. Dolomite stoichiometry and stable isotopes are controlled
largely by the chemical compositions of the formative fluids (Folk & Land, 1975; Ward &
Halley, 1985; Hardier, 1987; Kaczmarek & Sibley, 2011) and precipitation of dolomite can cause

a change in the fluid properties and thereby reduce its capability for dolomitization (e.g.,
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Kaczmarek & Sibley, 2011). This mechanism may be further enhanced by lateral variations in
some of the environmental conditions, including for example, a landward decrease in flow rate
and possibly, a decrease in groundwater temperature. This negative feedback in the
dolomitization system may eventually lead to a situation where dolomitization is no longer
possible. Depending on where that limit is, the original limestones in the interior of the island
will not be dolomitized. This is the situation, for example, in the Cayman Formation on the
eastern part of Grand Cayman (Ren & Jones, 2017).

The possibility that the lateral extent of dolomitization and variations in the geochemical
attributes of the Cenozoic dolostones may reflect later diagenetic modifications is not supported
by available evidence. There is, for example, no petrographic evidence that post-dolomitization
diagenesis has had any significant impact on the Cayman dolostones. Although the metastable
HCD may, with time, be altered to LCD (cf., Jones, 2007), there is little evidence that this has
taken place in the dolostones on the Cayman Islands. Mazzullo (1992) and Machel (1997)
suggested that dolomite recrystallization will lead to increased stoichiometry, increased crystal
size, depletion of 80, decreased Sr and Na concentrations, and homogenization of primary
cathodoluminescent crystal zonation. In the Brac Formation on Cayman Brac, the high calcium
content (>55%), lack of correlation between %Ca and diagenetic fabrics, no evidence of
depletion of '30 and Sr, and the zoned dolomite crystals (Zhao & Jones, 2012b) indicate that
those dolostones have not been recrystallized. There is no correlation between the LCD/HCD in
dolostones and their ages with the oldest sampled dolostones from the Brac Formation still being
composed largely of HCD.

Like the Cayman Formation on Grand Cayman, the regional dolostone bodies on Cayman

Brac, the Little Bahama Bank, Kita-daito-jima, and Mururoa have similar geographic variation
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patterns in many of their properties (Fig. 10). The similarity reveals some key points behind the
genesis of regional island dolostones during the Cenozoic: (1) seawater is the source of the
dolomitizing fluid, (2) seawater migrates inland from all coastlines of the island, (3) during the
landward migration, the seawater changes its chemical composition (due to water-rock
interaction and/or mixing with freshwater) and flow rate, and (4) the extent of dolomitization is
probably limited by reaction kinetics of dolomitization and seawater supply. Although the
general patterns are similar to those proposed for Grand Cayman, they are universally the same.
On Cayman Brac, for example, which has a similar geological setting as Grand Cayman, the
Cayman Formation has been pervasively dolomitized and there are no limestones in the island
interior. There, all the dolostones in the Cayman Formation consist largely of LCD (generally
>75%) with an average %Ca <54% and thus resemble the peripheral dolostones on Grand
Cayman (Fig. 11A). The differences between these islands reflect island-size with the full width
(N-S) of Cayman Brac being comparable to the width of the peripheral dolostone zone on Grand
Cayman. For the Little Bahama Bank and Kita-daito-jima the peripheral zones are narrower and
the transitional or interior dolostone zones are wider (Fig. 11B) than those found on Grand
Cayman. The situations on San Salvador, Kita-daito-jima, and the Xisha Islands are more
difficult to assess because each island is represented by only one well. If the locations of the
wells are considered relative to the island margin, however, the differences in dolomite
stoichiometry seem consistent with the Cayman model. Nevertheless, more data are needed to
verify the dolomitization pattern on those islands.

The Cayman model is a conceptual model that cannot, at this time, be precisely

quantified. This situation arises for reasons that are inherent to the dolomitization process and
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reflects differences in the geographic intrusion of the dolomitizing fluids, as is demonstrated by

the following considerations.

On many islands, the pattern of dolomitization is geographically asymmetrical. On Grand
Cayman, for example, the inland extent of dolomitization is greater on the northeast corner
than elsewhere (Ren & Jones, 2017). Similarly, on Kita-daito-jima, the lateral extent of
dolomitization in the Pliocene strata is greater on the east coast than on the west coast.
Although the hydrological conditions during dolomitization are unknown, the asymmetry is
probably linked directly to the size and location of freshwater lens(es), seawater intrusion
pathways, and the overall patterns of groundwater flow.

The width of dolostone zones varies from island to island (Fig. 11). The gradient of
dolomite stoichiometry is related to the distance from the island edge (lateral changes in the
average %Ca of dolomites per km, %Ca/km) but varies from island to island. The gradient
on Grand Cayman (1.5%Ca/km) is greater than that on Kita-daito-jima (1.1%Ca/km; Figs.
2, 12). On the Little Bahama Bank, which seems to be an “enlarged” version of the Grand
Cayman model, the lateral stoichiometric gradient is only 0.1%Ca/km (Figs. 2, 12). These
differences may reflect differences in hydrological conditions, the duration of
dolomitization(s), and/or sampling density on the islands.

Dolostones from the same zone with similar stoichiometry can have different stable isotope
signatures. The isotopic values of the dolostones from the Cayman Formation on Cayman
Brac, for example, are typically ~1%o lower (on average) than those from the peripheral
dolostone zone on Grand Cayman. This means that these two parameters are controlled by
different factors and “...have different rock/water ratios in dolomitizing systems...” (Budd,

1997, p. 34). High-temperature experiments have shown that dolomite stoichiometry is
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controlled by the chemical compositions of the dolomitizing fluid and the stage of
dolomitization reactions (e.g., Kaczmarek & Sibley, 2011, 2014). In contrast, the stable
1sotopic compositions of island dolostones are primarily controlled by the isotopic
composition and temperature of the formative fluid. Likewise, trace elements such as Sr
and Mn, and ®’Sr/%¢Sr may also show spatial variations in natural dolostones (e.g., Machel,
1988; Qing and Mountjoy, 1992; Machel and Cavell, 1999) but may differ in same
dolostone zone on different islands.

The variations in the dolomitization patterns between islands illustrates the dynamic
nature of dolomitization and the fact that dolomitization is influenced by many factors.
Theoretically, dolomitization can take place once (1) an efficient circulation mechanism has been
established whereby seawater can circulated into the island, (2) a fluid with appropriate
geochemical properties (e.g., Mg/Ca, pCOz2, T) has been developed, and (3) temporal stability
allows the dolomitization process to take place over a long period (e.g., Morrow, 1982; Land,
1985; Machel, 2004). Once these conditions are established, intrinsic factors within the host
limestone become important. Such factors include the size and geometry of the island, the extent
of the water-rock interaction, the development of a freshwater lens, openness of the
dolomitization system that are largely related to bedrock porosity and permeability and their
evolution during dolomitization (e.g., Banner and Hanson, 1990). Collectively, these factors
affect the flux and geochemistry of the dolomitizing fluid that, in turn, control the mass supply of
the reactants and reaction kinetics. Given this multitude of variables, it is not surprising that the
dolostones on different islands are petrographically and geochemically variable. It is also
important to note that the geographic variations evident in the island dolostones are consistent

with the groundwater flow rate from numerical modeling and the conclusions obtained from
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high-temperature dolomite synthesis experiments (e.g., Wilson et al., 1990; Kaufman, 1994;
Whitaker et al., 2004; Sibley, 1990; Kaczmarek & Sibley, 2011, 2014).

The variability evident between Cenozoic dolostones from different oceanic islands has
been a major problem in developing models that explain the dolomitizing processes. In scope,
island dolostone bodies range from limestones that have only been partially dolomitized with the
dolomite typically HCD, to pervasively dolomitized rocks that are characterized by organized
geographic zones (Fig. 13). Many Cenozoic island dolostones are localized in extent. Despite
their coastal locations, many of these dolostones have very high average %Ca (> 55%), and are
therefore more akin to the dolostones found in the interior dolomitic limestone zone of the
Cayman model. No peripheral or transitional zones are evident in these formations (Fig. 11C).
These variations between localized and pervasive dolomitizations, however, may reflect the
development stage of the dolomitizing process and the supply rate and distance that formative
fluids have migrated from coastlines.

The evolutionary stages of dolomitization have been illustrated in many high temperature
experiments (Katz & Matthews, 1977; Sibley et al., 1987; Sibley, 1990; Sibley et al., 1994;
Kaczmarek & Sibley, 2011, 2014). Kaczmarek & Sibley (2014), for example, proposed that
dolomitization reaction progresses through induction (no dolomite), replacement (Ca-rich
dolomite, stoichiometry and cation ordering remain constant; 0-97% dolomite), primary
recrystallization (Ca-rich dolomite, stoichiometry and cation ordering increases; ~95-100%
dolomite), and secondary recrystallization (stoichiometric dolomite, cation ordering increases;
100% dolomite) stages. Correlation between the evolutionary stages of the experimental
dolomitization and the evolution of the Cenozoic island dolostones is not straightforward. This

is due largely to the fact that the stages evident in experimental reactions are practically



543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

25

impossible to recognize in natural settings where dolomitization has taken place under low
temperature conditions. Another reason that hinders the correlation is that the relationship
between the extent of dolomitization and dolomite stoichiometry (which are the criteria for the
experimental stages) is inconsistent in the two settings. In the laboratory, most experiments have
shown that stoichiometric dolomite is only achieved when 100% dolomite is formed (Table 4)
whereas in nature, 100% dolomitized carbonate contains dominantly Ca-rich dolomite with very
rare stoichiometric dolomite (e.g., Lumsden & Chimahusky, 1980). This difference between
synthetic and natural dolomites adds further difficulties for applying experimental data to natural
dolomitization.

Applying the experimental information directly to island dolomitization is complicated
by many factors including (1) the temperatures (> 175 °C) used in the laboratory experiments are
significantly higher than the ambient temperatures under which island dolostones formed, (2) the
reagent-grade reactants (spar calcite or aragonite) used in most experiments (except Bullen &
Sibley, 1984, and Kaczmarek & Thornton, 2017) are very different from the reactants in the
original island limestones that are dominated by fossil fragments of variable compositions and
sizes, (3) the compositions of the solutions (mostly Mg-Ca-Cl) and Mg/Ca ratios (mostly ~1)
used in laboratory experiments are significantly different from the sea water (or slight modified
seawater) that mediates island dolomitization, (4) reaction in the dolomite-synthesis experiments
take place in confined reaction vessels whereas island dolomitization typically occurs in an open
system with constant material exchange with the vast oceans and sea level fluctuations, (5) many
of the kinetic-promoting factors, such as high temperature and shortened reaction time in the
laboratory to hours to weeks, is practically impossible in natural dolomitization, and (6)

microorganisms that may play a role in island dolomitization are not involved in the laboratory
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experiments. Nevertheless, the laboratory synthesis does provide information that may be
applicable to the development of the island dolomites. Bullen & Sibley (1984), for example,
demonstrated diagenetic fabrics in synthetic and natural dolostones that are similar, and
Kaczmarek & Sibley (2007) showed that the crystal growth mechanisms are probably the same
and implied that the synthesized dolomites are analogous to natural dolomites.

There is a possible correlation between the dolomitization pattern that exists spatially in
the island dolostone bodies and the evolution of the synthetic dolomite in laboratory (Fig. 9B, C).
For many regional island dolostone bodies, including the Cayman Formation on Grand Cayman,
the landward increase in dolomite stoichiometry is probably caused by the landward decrease in
the groundwater Mg/Ca ratio that is caused by the water-rock interactions and mixing with
freshwater as it flows inland through the bedrock. This spatial variation in dolomite
stoichiometry may also reflect the different dolomitization stages that individual dolostone zones
are at. A possible correlation between dolostone zones and dolomitization reaction stages
(following Kaczmarek & Sibley, 2014; Kaczmarek & Thornton, 2017) is that: interior limestone
— induction stage, interior dolomitic limestone — rapid replacement stage, transitional dolostone —
early primary recrystallization, and peripheral dolostone zone — late primary recrystallization
(Fig. 9). For the localized dolomitic limestone bodies with most having isotopic evidence of
seawater-mediated dolomitization, the high Ca contents in those dolomites may suggest that the
reactions on these islands are possibly still at the rapid replacement stage.

The similarities in dolomite stoichiometry, geochemistry, and diagenetic fabrics between
island dolostones throughout the Caribbean Sea and Pacific Ocean has led to the suggestion that
they may have developed during Caribbean-wide or even world-wide dolomitization events (e.g.,

Sibley, 1980; Pleydell et al., 1990; Vahrenkamp et al., 1991; Budd, 1997; Jones & Luth, 2003b).
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Most of the pervasively dolomitized bodies, which are typically at shallow depths with many
being directly under the present-day island surface, seem to have experienced multiple phases of
dolomitization during the late Miocene to Pliocene (dolomitization events C and/or D of Budd,
1997) (Fig. 13). Although there are few common features between the geographically localized
dolostone bodies, most of them seem to be younger (Pleistocene and later), older (Eocene), or
deeper (typically >100 m burial) than the regional dolostone bodies, and most seem to have
experienced only one phase of dolomitization. Pervasive dolomitization such as in the Miocene-
Pliocene dolostones from the Bahamas and Miocene dolostones on Cayman Islands may have
resulted from longer duration of dolomitization, higher efficiency of seawater circulation,
together with favorable atmospheric and seawater compositions including for example, the
increased seawater Mg/Ca ratio during late Cenozoic.

The availability of more data from more island dolostones throughout the world provides
a basis for improved comparisons that contribute to a better understanding of these complex
successions. Despite these advances, the underlying causes of dolomitization in these settings is
still open to debate even though it is generally agreed that seawater mediates the process. It is
difficult to precisely define the factors that lead to dolomitization in these settings because it is
difficult to precisely date the dolomitization “events” and even more difficult to relate those
events to oceanic conditions (e.g., temperature, salinity, sea-level positions) and climatic
regimes. The precise factors that govern the island dolomitization will remain enigmatic until it
becomes possible to precisely integrate all aspects of the processes that control fluid circulation,
and/or water-rock interactions, and dolomite growth. As yet, however, the precise factors that

“trigger” dolomitization in these settings remain elusive.
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CONCLUSIONS

Many Cenozoic island dolostone bodies demonstrate spatial variability in mineral
properties. Analysis of these island dolostones from the viewpoint of spatial variation patterns
has led to the following important conclusions.

e Regional dolostone bodies found on the Cenozoic islands show landward increase in %Ca,
and decreases in 8'30 and 6'3C values, and preservation of precursor fabrics. A full range of
peripheral to interior dolostone zones can be recognized in some large-scale dolostone bodies
like the Cayman Formation on Grand Cayman.

e The geographic variability within dolostone bodies originates from changes in the chemical
compositions of the dolomitizing fluid along the flow paths caused by water-rock interaction
and/or mixing with meteoric water.

e Theoretically, a geographically concentric zonation pattern in the geochemical attributes of
the dolostones can be applied to the Cenozoic island dolostones where laterally derived
seawater was the parent dolomitizing fluid. The variations in the dolomitization patterns
between islands attribute to the traits of the islands and the precursor carbonates, and/or the
duration of dolomitization(s).

e Localized, incomplete dolomitized bodies contain dolomites with high %Ca and are
equivalent to the dolomitic limestone zone of the Cayman model.

e Spatial variability in island dolostones largely conforms to the results obtained from dolomite
synthesis experiments. Reaction stages in the experiments may apply to the evolution of

island dolostones and explain their spatial variation pattern.



632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

29

ACKNOWLEDGEMENTS

We are grateful to the Natural Sciences and Engineering Research Council of Canada,
which funded this research (grant No. ZA635 to Jones). We are indebted to the numerous
landowners on the Cayman Islands, the drilling crews from Industrial Services and Equipment
Ltd., and numerous staff members from the Water Authority, Cayman Islands, who provided
considerable support to the drillings and sample collecting. We thank Diane Caird who ran the
XRD analyses, George Braybrook and Nathan Gerein who helped with SEM photomicrographs,
Mark Labbe and Martin Von Dollen who prepared the thin sections, and Dr. Robert Creaser who
provided the 37Sr/3Sr analysis, used in the study of the dolostones on the Cayman Islands. This
study would not be possible without the prior studies of many geoscientists who have contributed
to our understanding of dolostones and the dolomite problem. We are grateful to Dr. Eric Hiatt,
an anonymous reviewer, and Editor Peir Pufahl and various other anonymous reviewers for their

constructive and critical advise and reviews of earlier versions of this paper.

REFERENCES

Aharon, P., Socki, R.A. and Chan, L. (1987) Dolomitization of atolls by sea water convection
flow: Test of a hypothesis at Niue, South Pacific. J. Geol., 95, 187-203.

Aissaoui, D.M., Buigues, D. and Purser, B.H. (1986) Model of reef diagenesis: Mururoa Atoll,
French Polynesia. In: Reef Diagenesis (Eds J.H. Schroeder and B.H. Purser), pp. 27-52.
Springer, Berlin.

Arvidson, R.S. and Mackenzie, F.T. (1999) The dolomite problem: Control of precipitation
kinetics by temperature and saturation state. Am. J. Sci., 299, 257-288.

Baker, P.A. and Kastner, M. (1981) Constraints on the formation of sedimentary dolomite.

Science, 213, 214-216.



655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

30

Bandoian, C.A. and Murray, R.C. (1974) Pliocene-Pleistocene carbonate rocks of Bonaire,
Netherlands Antilles. Geol. Soc. Am. Bull., 85, 1243-1252.

Banner, J.L. and Hanson, G.N. (1990) Calculation of simultaneous isotopic and trace element
variations during water-rock interaction with applications to carbonate diagenesis. Geochim.
Cosmochim. Acta, 54, 3123-3137.

Beach, D.K. (1993) Submarine cementation of subsurface Pliocene carbonates from the interior
of Great Bahama Bank. J. Sed. Res., 63, 1059-1069.

Beach, D.K. (1995) Controls and effects of subaerial exposure on cementation and development
of secondary porosity in the subsurface of Great Bahama Bank. In: Unconformities and
Porosity in Carbonate Strata (Eds D.A. Budd, A.H. Saller and P.M. Harris), AAPG Mem.,
63, 1-33.

Berner, R.A. (1965) Dolomitization of the Mid-Pacific Atolls. Science, 147, 1297-1299.

Budd, D.A. (1997) Cenozoic dolomites of carbonate islands: Their attributes and origin. Earth-
Sci. Rev., 42, 1-47.

Budd, D.A. and Mathias, W.D. (2015) Formation of lateral patterns in rock properties by
dolomitization: Evidence from a Miocene reaction front (Bonaire, Netherlands Antilles). J.
Sed. Res., 85, 1082-1101.

Budd, D.A., Pranter, M.J. and Reza, Z.A. (2006) Lateral periodic variations in the
petrophysical and geochemical properties of dolomite. Geology, 34, 373-376.

Bullen, S.B. and Sibley, D.F. (1984) Dolomite selectivity and mimic replacement. Geology, 12,

655-658.



676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

31

Chevalier, J. (1973) Geomorphology and geology of coral reefs in French Polynesia. In: Biology
and Geology of Coral Reefs (Eds O.A. Jones and R. Endean), pp. 113-141. Academic Press,
Cambridge.

Dawans, J.M. and Swart, P.K. (1988) Textural and geochemical alternations in Late Cenozoic
Bahamian dolomites. Sedimentology, 35, 385-403.

Deffeyes, K.S., Lucia, F.J. and Weyl, P.K. (1964) Dolomitization: Observations on the island
of Bonaire, Netherlands Antilles. Science, 143, 678-679.

Der, A. (2012) Depositon and sea level fluctuation during Miocene times, Grand Cayman,
British West Indies. M.S. Thesis, University of Alberta, 110 pp.

Folk, R.L. and Land, L.S. (1975) Mg/Ca ratio and salinity: Two controls over crystallization of
dolomite. A4PG Bull., 59, 60-68.

Fouke, B.W. (1994) Deposition, diagenesis and dolomitization of Neogene Seroe Domi
Formation coral reef limestones on Curacao, Netherlands Antilles. Natuurwetenschappelijke
Studiekring voor het Caraibisch Gebied, Amsterdam, 182 pp.

Gill, I.P., Moore, C.H. and Aharon, P. (1995) Evaporitic mixed-water dolomitization on St.
Croix, U.S.V.I. J. Sed. Res., 65, 591-604.

Gregg, J.M., Bish, D.L., Kaczmarek, S.E. and Machel, H.G. (2015) Mineralogy, nucleation
and growth of dolomite in the laboratory and sedimentary environment: A review.
Sedimentology, 62, 1749-1769.

Hardie, L.A. (1987) Dolomitization: A critical view of some current views. J. Sed. Petrol., 57,
166-183.

Hein, J.R., Gray, S.C., Richmond, B.M., and White, L.D. (1992) Dolomitization of

Quaternary reef limestone, Aitutaki, Cook Islands. Sedimentology, 39, 645-661.



699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

32

Humphrey, J.D. (1988) Late Pleistocene mixing zone dolomitization, southeastern Barbados,
West Indies. Sedimentology, 35, 327-348.

Humphrey, J.D. (2000) New geochemical support for mixing-zone dolomitization at Golden
Grove, Barbados. J. Sed. Res., 70, 1160-1170.

Humphrey, J.D. and Radjef, E.M. (1991) Dolomite stoichiometric variability resulting from
changing aquifer conditions, Barbados, West Indies. Sed. Geol., 71, 129-136.

Jones, B. (1989) Calcite rafts, peloids, and micrite in cave deposits from Cayman Brac, British
West Indies. Can. J. Earth Sci., 26, 654-664.

Jones, B. (1994) Geology of the Cayman Islands. In: The Cayman Islands: Natural History and
Biogeography (Eds M.A. Brunt and J.E. Davies), pp. 13-49. Kluwer Academic Publishers,
Dordrecht, Netherlands.

Jones, B. (2004) Petrography and significance of zoned dolomite cements from the Cayman
Formation (Miocene) of Cayman Brac, British West Indies. J. Sed. Res., 74, 95-109.

Jones, B. (2005) Dolomite crystal architecture: genetic implications for the origin of the Tertiary
dolostones of the Cayman Islands. J. Sed. Res., 75, 177-1809.

Jones, B. (2007) Inside-out dolomite. J. Sed. Res., 77, 539-551.

Jones, B. (2013) Microarchitecture of dolomite crystals as revealed by subtle variations in
solubility: Implications for dolomitization. Sed. Geol., 288, 66-80.

Jones, B., Hunter, I.G. and Kyser, K. (1994a) Revised Stratigraphic nomenclature for Tertiary
strata of the Cayman Islands. British West Indies: Carib. J. Sci., 30, 53-68.

Jones, B., Hunter, I.G. and Kyser, K. (1994b) Stratigraphy of the Bluff Formation (Miocene-
Pliocene) and the newly defined Brac Formation (Oligocene). Cayman Brac, British West

Indies: Carib. J. Sci., 30, 30-51.



722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

33

Jones, B. and Luth, R.W. (2002) Dolostones from Grand Cayman, British West Indies. J. Sed.
Res., 72, 559-569.

Jones, B. and Luth, R.W. (2003a) Petrography of finely crystalline Cenozoic dolostones as
revealed by backscatter electron imaging: Case study of the Cayman Formation (Miocene),
Grand Cayman, British West Indies. J. Sed. Res., 73, 1022-1035.

Jones, B. and Luth, R.W. (2003b) Temporal evolution of tertiary dolostones on Grand Cayman
as determined by ¥’Sr/%Sr. J. Sed. Res., 73, 187-205.

Jones, B., Luth, R.W. and MacNeil, A.J. (2001) Powder X-ray diffraction analysis of
homogeneous and heterogeneous sedimentary dolostones. J. Sed. Res., 71, 790-799.

Kaczmarek, S.E. and Sibley, D.F. (2007) A comparison of nanometer-scale growth and
dissolution features on natural and synthetic dolomite crystals: Implications for the origin of
dolomite. J. Sed. Res., 77, 424-432.

Kaczmarek, S.E. and Sibley, D.F. (2011) On the evolution of dolomite stoichiometry and cation
order during high-temperature synthesis experiments: An alternative model for the
geochemical evolution of natural dolomites. Sed. Geol., 240, 30-40.

Kaczmarek, S.E. and Sibley, D.F. (2014) Direct physical evidence of dolomite recrystallization.
Sedimentology, 61, 1862-1882.

Kaczmarek, S.E. and Thornton, B. (2017) The effect of temperature on stoichiometry, cation
ordering, and reaction rate in high-temperature dolomitization experiments. Chem. Geol.,
468, 32-41.

Katz, A. and Matthews, A. (1977) The dolomitization of CaCO3: An experimental study at 252—

295 °C. Geochim. Cosmochim. Acta, 41, 297-308.



744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

34

Kaufman, J. (1994) Numerical models of fluid flow in carbonate platforms: Implications for
dolomitization. J. Sed. Res., 64, 128-139.

Kessels, L.A., Sibley, D.F. and Nordeng, S.H. (2000) Nanotopography of synthetic and natural
dolomite crystals. Sedimentology, 47, 173-186.

Kohout, F. (1967) Ground-water flow and the geothermal regime of the Floridian Plateau.
Transactions—Gulf Coast Association of Geological Societies, 17, 339-354.

Ladd, H.S., Tracey, J.I. and Gross, M.G. 1970. Deep drilling on Midway Atoll. United States
Government Printing Office, Washington, 22 pp.

Land, L.S. (1973) Contemporaneous dolomitization of middle Pleistocene reefs by meteoric
water, north Jamaica. Bull. Mar. Sci., 23, 64-92.

Land, L.S. (1985) The origin of massive dolomite. J. Geol. Educ., 33, 112-125.

Land, L.S. (1991) Dolomitization of the Hope Gate Formation (North Jamaica) by seawater:
Reassessment of mixing-zone dolomite. In: Stable Isotope Geochemistry: A Tribute to
Samuel Epstein (Eds H.P. Taylor, J.R. O’Neil, and I.R. Kaplan), Geochem. Soc. Spec. Publ.,
3, 121-130.

Land, L.S. (1998) Failure to precipitate dolomite at 25 °C from dilute solution despite 1000-fold
oversaturation after 32 years. Aquat. Geochem., 4, 361-368.

Li, R. and Jones, B. (2013) Heterogeneous diagenetic patterns in the Pleistocene Ironshore
Formation of Grand Cayman, British West Indies. Sed. Geol., 294, 251-265.

Lucia, F.J. and Major, R.P. (1994) Porosity evolution through hypersaline reflux
dolomitization. In: Dolomites: A Volume in Honour of Dolomieu (Eds B. Purser, M. Tucker

and D. Zenger), Int. Assoc. Sedimentol. Spec. Publ., 21, 325-341.



766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

35

Lumsden, D.N. (1980) Relationship between dolomite nonstoichiometry and carbonate facies
parameters. In: Concepts and Models of Dolomitization (Eds D. Zenger and J. Dunham),
SEPM Spec. Publ., 63, 123-137.

Machel, H.G. (1988) Fluid flow direction during dolomite formation as deduced from trace-
element trends. In: Sedimentology and Geochemistry of Dolostones (Eds V. Shukla and P.A.
Baker), SEPM Spec. Publ., 43, 115-125.

Machel, H.G. (1997) Recrystallization versus neomorphism, and the concept of ‘significant
recrystallization’ in dolomite research. Sed. Geol., 113, 161-168.

Machel, H.G. (2004) Concepts and models of dolomitization: A critical reappraisal. In: The
Geometry and Petrogenesis of Dolomite Hydrocarbon Reservoirs (Eds C.J.R. Braithwaite, G.
Rizzi and G. Darke), Geol. Soc. London Spec. Publ., 235, 7-63.

Machel, H.G. and Burton, E.A. (1994) Golden Grove dolomite, Barbados: Origin from
modified seawater. J. Sed. Res., 64, 741-751.

Machel, H.G. and Cavell, P.A. (1999) Low-flux, tectonically-induced squeegee fluid flow. Bul/l.
Can. Petrol. Geol., 47, 510-533.

MacNeil, A. (2002) Sedimentology, diagenesis, and dolomitization of the Pedro Castle
Formation on Cayman Brac, British West Indias. M.S. Thesis, University of Alberta, 128 pp.

MacNeil, A. and Jones, B. (2003) Dolomitization of the Pedro Castle Formation (Pliocene),
Cayman Brac, British West Indies. Sed. Geol., 162, 219-238.

Mazzullo, S. (1992) Geochemical and neomorphic alteration of dolomite: A review. Carbonates

Evaporites, 7, 21-37.



787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

36

Melim, L.A., Westphal, H., Swart, P.K., Eberli, G.P. and Munnecke, A. (2002) Questioning
carbonate diagenetic paradigms: Evidence from the Neogene of the Bahamas. Mar. Geol.,
185, 27-53.

Morrow, D.W. (1982) Diagenesis 2. Dolomite - Part 2 Dolomitization models and ancient
dolostones. J. Geol. Assoc. Can. 9, 95-107.

Ng, K.C. (1990) Diagenesis of the Oligocene-Miocene Bluff Formation of the Cayman Islands:
A petrographic and hydrogeochemical approach. Ph.D. Thesis, University of Alberta, 344 pp.

Nordeng, S.H. and Sibley, D.F. (1994) Dolomite stoichiometry and Ostwald's Step Rule.
Geochim. Cosmochim. Acta, 58, 191-196.

Ohde, S. and Elderfield, H. (1992) Strontium isotope stratigraphy of Kita-daito-jima Atoll,
North Philippine Sea: Implications for Neogene sea-level change and tectonic history. Earth
Planet. Sci. Lett., 113, 473-486.

Pleydell, S.M., Jones, B., Longstaffe, F.J. and Baadsgaard, H. (1990) Dolomitization of the
Oligocene-Miocene Bluff Formation on Grand Cayman, British West Indies. Can. J. Earth
Sci., 27, 1098-1110.

Qing, H. and Mountjoy, E. (1992) Large-scale fluid flow in the Middle Devonian Presqu'ile
barrier, Western Canada Sedimentary Basin. Geology, 20, 903-906.

Ren, M. and Jones, B. (2016) Diagenesis in limestone-dolostone successions after 1 million
years of rapid sea-level fluctuations: A case study from Grand Cayman, British West Indies.
Sed. Geol., 342, 15-30.

Ren, M. and Jones, B. (2017) Spatial variations in the stoichiometry and geochemistry of
Miocene dolomite from Grand Cayman: Implications for the origin of island dolostone. Sed.

Geol., 348, 69-93.



810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

37

Rodgers, K.A., Easton, A.J. and Downes, C.J. (1982) The chemistry of carbonate rocks of
Niue Island, South Pacific. J. Geol., 90, 645-662.

Saller, A.H. (1984) Petrologic and geochemical constraints on the origin of subsurface dolomite,
Enewetak Atoll: An example of dolomitization by normal seawater. Geology, 12, 217-220.

Schlanger, S.0., Graf, D.L., Goldsmith, J.R., Macdonald, G.A., Sackett, W.M. and Potratz,
H.A. 1963. Subsurface geology of Eniwetok atoll. Geological Survey Professional Paper
260-BB, United States Government Printing Office, Washington, 76 pp.

Sibley, D.F. (1980) Climatic control of dolomitization, Seroe Domi Formation (Pliocene),
Bonaire, N.A. In: Concepts and Models of Dolomitization (Eds D.H. Zenger, J.B. Dunham
and R.L. Ethington), SEPM Spec. Publ., 28, 247-258.

Sibley, D.F. (1982) The origin of common dolomite fabrics; clues from the Pliocene. J. Sed.
Petrol., 52, 1087-1110.

Sibley, D.F. (1990) Unstable to stable transformations during dolomitization. J. Geol., 739-748.

Sibley, D.F. and Bartlett, T.R. (1987) Nucleation as a rate limiting step in dolomitization. In:
Geochemistry and Mineral Formation in the Earth Surface (Eds R. Rodriguez-Clemente and
Y. Tardy), pp. 733-741. Consejo Superior de Investigaciones Cientificas, Paris.

Sibley, D.F., Dedoes, R.E. and Bartlett, T.R. (1987) Kinetics of dolomitization. Geology, 15,
1112-1114.

Sibley, D.F., Nordeng, S.H. and Borkowski, M.L. (1994) Dolomitization kinetics of
hydrothermal bombs and natural settings. J. Sed. Res., 64, 630-637.

Supko, P.R. (1977) Subsurface dolomites, San Salvador, Bahamas. J. Sed. Petrol., 47, 1063-

1077.



832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

38

Suzuki, Y., Iryu, Y., Inagaki, S., Yamada, T., Aizawa, S. and Budd, D.A. (2006) Origin of
atoll dolomites distinguished by geochemistry and crystal chemistry: Kita-daito-jima,
northern Philippine Sea. Sed. Geol., 183, 181-202.

Swart, P.K. and Melim, L.A. (2000) The Origin of Dolomites in Tertiary Sediments from the
Margin of Great Bahama Bank. J. Sed. Res., 70, 738-748.

Swart, P.K., Ruiz, J. and Holmes, C.W. (1987) Use of strontium isotopes to constrain the
timing and mode of dolomitization of upper Cenozoic sediments in a core from San Salvador,
Bahamas. Geology, 15, 262-265.

Tucker, MLE. (1990) Dolomites and Dolomitization Models. In: Carbonate sedimentology (Eds
M.E. Tucker, V.P. Wright and J.A.D. Dickson), pp. 365-400. Blackwell Sciences, Oxford.

Vahrenkamp, V.C., Swart, P.K., Purser, B., Tucker, M. and Zenger, D. (1994) Late
Cenozoic dolomites of the Bahamas: Metastable analogues for the genesis of ancient
platform dolomites. In: Dolomites: A Volume in Honour of Dolomieu (Eds B.H. Purser, M.E.
Tucker and D.L. Zenger), Int. Assoc. Sedimentol. Spec. Publ., 21, 133-153.

Vahrenkamp, V.C., Swart, P.K. and Ruiz, J. (1991) Episodic dolomitization of late Cenozoic
carbonates in the Bahamas; evidence from strontium isotopes. J. Sed. Res., 61, 1002-1014.

Vézina, J., Jones, B. and Ford, D. (1999) Sea-level highstands over the last 500,000 years:
Evidence from the Ironshore formation on Grand Cayman, British West Indies. J. Sed. Res.,
69, 317-327.

Wang, Z., Shi, Z., Zhang, D., Huang, K., You, L., Duan, X. and Li, S. (2015) Microscopic
features and genesis for Miocene to Pliocene dolomite in well Xike-1, Xisha Islands. Earth

Science-Journal of China University of Geosciences, 40, 633-644.



854

855

856

857

858

859

860

861

862

863

864

865

866

867

868

869

870

871

872

873

874

875

39

Ward, W.C. and Halley, R.B. (1985) Dolomitization in a mixing zone of near-seawater
composition, Late Pleistocene, northeastern Yucatan Peninsula. J. Sed. Res. 55, 407-420.
Wei, X., Jia, C. and Meng, W. (2008) Dolomitization characteristics of carbonate rock in Xisha
Islands and its formation: A case study of well Xichen-1. Journal of Jilin University (Earth

Science Edition), 38, 217-224.

Wei, X., Zhu, Y., Xu, H., Zhao, G. and Li, Y. (2006) Discussion on Neogene dolostone
forming condition in Xisha Islands: Evidences from isotope C and O and fluid inclosures.
Acta Petrologica Sinica, 22, 2394-2404.

Wheeler, C.W., Aharon, P. and Ferrell, R.E. (1999) Successions of Late Cenozoic platform
dolomites distinguished by texture, geochemistry, and crystal chemistry: Niue, South Pacific.
J. Sed. Res., 69, 239-255.

Whitaker, F.F., Smart, P.L. and Jones, G.D. (2004) Dolomitization: From conceptual to
numerical models. In: The Geometry and Petrogenesis of Dolomite Hydrocarbon Reservoirs
(Eds C.J.R. Braithwaite, G. Rizzi and G. Darke), Geol. Soc. London Spec. Publ., 235, 99-139.

Willson, E.A. (1998) Depositional and diagenetic features of the Middle Miocene Cayman
Formation, Roger's Wreck Point, Grand Cayman, British West Indies. M.S. Thesis,
University of Alberta, 119 pp.

Wilson, E.N., Hardie, L.A. and Phillips, O.M. (1990) Dolomitization front geometry, fluid
flow patterns, and the origin of massive dolomite; the Triassic Latemar buildup, northern
Italy. Am. J. Sci., 290, 741-796.

Zhao, H. and Jones, B. (2012a) Genesis of fabric-destructive dolostones: A case study of the

Brac Formation (Oligocene), Cayman Brac, British West Indies. Sed. Geol., 267-268, 36-54.



876

877

878

879

880

881

40

Zhao, H. and Jones, B. (2012b) Origin of “island dolostones”: A case study from the Cayman
Formation (Miocene), Cayman Brac, British West Indies. Sed. Geol., 243-244, 191-206.
Zhao, H. and Jones, B. (2013) Distribution and interpretation of rare earth elements and yttrium
in Cenozoic dolostones and limestones on Cayman Brac, British West Indies. Sed. Geol.,

284, 26-38.



882

883

884

885

886

887

888

889

890

891

892

893

894

895

896

897

898

899

900

901

902

903

904

Fig. 1.

Fig. 2.

Fig. 3.

41

FIGURE CAPTIONS
Location of Cenozoic island dolostones.
Dolomite stoichiometry, stable isotopes, and dolomitization phases of island dolostones
(see Fig. 1 for locations). CB = Cayman Brac, GC(W) = Grand Cayman (west), GC(E) =
Grand Cayman (east). PD = Peripheral Dolostone, TD = Transitional Dolostone, ID =
Interior Dolostone, IL = Interior Dolomitic Limestone. Dolomitization phases after Budd
(1997). (*: Dolomitization phase A (late Early Miocene) on the Little Bahama Bank not
show.) GB1, WC, GB2, SC, Clino, Unda, DH4, and Fonuakula are wells on the islands.
Data source: Cayman Formation, Cayman Islands (Jones & Luth, 2002; Zhao & Jones,
2012a; Ren & Jones, 2017); Mururoa (Aissaoui et al. 1986); Daito Formation, Kita-daito-
jima (Suzuki et al., 2006); Little Bahama Bank (Vahrenkamp & Swart, 1994); San
Salvador (Supko, 1977); Kita-daito-jima (Suzuki et al., 2006); Xuande Formation, Xisha
(Wei et al., 2006); Bonaire ? (Sibley, 1980); Bonaire ® (Lucia and Major, 1994); Curacao
and Curacao Dol II (Fouke, 1994); Pedro Castle Formation, Cayman Brac (MacNeil,
2002; MacNeil & Jones, 2003); Great Bahama Bank (Swart & Melim, 2000); Aitutaki
(Hein et al., 1992); Niue Upper Dolomite (DH4) (Wheeler et al., 1999); Niue Upper
Dolomite (Fonuakula) (Aharon et al., 1987); Jamaica (Land, 1973, 1991); Enewetak
(Saller, 1984); Niue Lower Dolomite (Wheeler et al., 1999); Yucatan (Ward & Halley,
1984), Barbados (Humphrey, 1988; Machel, 1994), St. Croix (Gill et al., 1995).
Geometry and size of the dolostone bodies and landward decrease in the dolomite
stoichiometry in island dolostones from Cayman Brac (CB, Miocene Cayman
Formation), Kita-daito-jima (K-D-J, Pliocene Daito Formation), Grand Cayman

(Miocene Cayman Formation), and Little Bahama Bank (Miocene-Pliocene) along line of
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section indicated on island. Data source: Cayman Brac (Zhao & Jones, 2012a), Kita-
daito-jima (Suzuki et al., 2006), Grand Cayman (Ren & Jones, 2017), and Little Bahama
Bank (Vahrenkamp & Swart, 1994).

Oxygen and Carbon isotopes of (A) the island dolostones, and (B) dolostones from
Grand Cayman (Cayman Formation), Daito Formation (Kita-daito-jima), and Mururoa
(Pliocene), grouped by their geographic locations. Note geographic trends and overlaps
in the isotope values of the formations from the three islands highlighted in panel B.
Data source: San Salvador (Supko, 1977), Aitutaki (Hein et al., 1992), Niue ? (Aharon et
al., 1987), Niue ® Upper Dol. (Wheeler et al., 1999), Niue ® Lower Dolomite (Wheeler et
al., 1999), Bonaire (Lucia and Major, 1994), Curacao Dol I, I, II (Fouke, 1994), Jamaica
Hope Gate Formation (Land, 1973, 1991), Yucatan (Ward & Halley, 1984), Enewetak
(Saller, 1984), Barbados (Humphrey, 1988; Machel, 1994), St. Croix (Gill et al., 1995),
Xisha (Wei et al., 2008); and Daito Formation, Kita-daito-jima (Suzuki et al., 2006),
Mururoa (Aissaoui et al. 1986), Cayman Formation, Grand Cayman (Ren & Jones, 2017).
Stratigraphic succession on Grand Cayman (modified from Jones et al., 1994a).

Cross sections on Grand Cayman and Cayman Brac showing the spatial variation of the
extent of dolomitization, and mineral compositions in the Brac Formation, the Cayman
Formation, and the Pedro Castle Formation (from Jones & Luth, 2002; MacNeil & Jones,

2003; Zhao & Jones, 2012a, b; Ren & Jones, 2016, 2017; and unpublished data).

Fig. 7. Thin section photomicrographs showing the characteristics of peripheral dolostones (A-

C), transitional dolostones (D, E), and interior dolostones/limestones (F-H) from the
Cayman Formation on Grand Cayman. All depths are below ground surface (well tops of

wells RWP-2, HRQ-3, and GFN-2 are ~ 0.5 m, 2.9 m, and 3.0 m above sea level,
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respectively). Thin sections (A-C) have been stained with Alizarin Red S, and samples
(D-H) have been impregnated with blue epoxy and half of the thin sections have been
stained with Alizarin Red S. H = Halimeda, g = grain, p = porosity, dcmt = dolomite
cement, ccmt = calcite cement, cfs = cavity-filling sediment, Am = Amphistigina, hd =
hollow dolomite. (A) Fabric-retentive dolomitization of Halimeda plates, micritized
grains, and cavity-filling sediments. RWP-2, 24.4 m. (B) Fabric-retentive dolomitization
of Amphistigina with chamber-filling dolomite cement. Zoned dolomite cement lining the
pores. RWP-2, 94.6 m. (C) Replacive dolomitization of skeletal grains with pores filled
with blocky finely crystalline dolomite cement. RWP-2, 3.5 m. (D) Fabric-selective
dolomitization of micritized grains. Some (micritized) benthic forams have been
completed leached to generate the moldic porosities. Inter-particle pores are filled with
very finely — finely crystalline dolomite cement. HRQ-3, 37.0 m. (E) Dolomitization of
an intact Amphistigina and a partially leached grain with dolomite cement fills pores.
HRQ-3, 79.6 m. (F) Finely crystalline dolostone with little fabric preservation. GFN-2,
9.6 m. (G) Hollow dolomite crystals formed by leaching of their interior. Inter-crystalline
pores have been filled with calcite cement. GFN-2, 9.6 m. (H) Interior limestone: various
components, little cementation, high porosity, and no evidence of dolomitization. GFN-2,

90.7 m.

Fig. 8. SEM photomicrographs of highly polished and etched thin sections (with concentrated

HCI) from the Cayman Formation on Grand Cayman. All depths are below ground
surface (well tops of wells RTR-1, HRQ-2, and HMB-1 are ~ 1.7 m, 2.9 m, and 4.0 m
above sea level, respectively). LCD = low calcium calcian dolomite; HCD = high

calcium calcian dolomite. (A) Anhedral — subheral matrix dolomite crystals (upper right)
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and cavity filled with zoned euhedral dolomite cement. RTR-1, 8.2 m. (B) Interlocking
anhedral — subheral dolomite crystals. HRQ-2, 27.1 m. (C) Cement dolomite crystals
showing growth zones with LCD and HCD. HMB-1, 1.1 m. (D) Matrix formed of
interlocking zoned dolomite crystals formed of LCD and HCD. HMB-1, 1.1 m.
Comparison between the dolomite stoichiometry in high-temperature dolomite synthesis
experiments that are associated with (A) the Mg/Ca ratios of the initial solutions
(modified from Kaczmarek & Sibley, 2011) and (B) reaction stages (modified from
Kaczmarek & Sibley, 2014 and Kaczmarek & Thornton, 2017), and (C) dolomite
stoichiometry in many regional island dolostone bodies that typically can be divided into
spatially distributed dolomitization zones characterized by varying dolomite
stoichiometry (exampled by the Cayman Formation on Grand Cayman). HCD: high-

calcium dolomite (%Ca > 55%), LCD: low-calcium dolomite (%Ca < 55%)).

Fig. 10. Dolomitization model showing the lateral variations in various attributes of island

dolostones (after Ren & Jones, 2017). See text for discussion.

Fig. 11. Schematic diagram showing geographic zones on various islands based primarily on the

dolomite stoichiometry including (A, B) on regionally dolomitized islands, and (C)
incomplete zones on localized dolomitized islands. (A) Cayman Formation includes PD
(Peripheral dolostone), TD (Transitional dolostone), ID (Interior dolostone), and IL
(Interior (dolomitic) limestone) on Grand Cayman, and PD only on Cayman Brac defined
by the LCD-HCD compositions and %Ca. (B) Possible zones in the Daito Formation,
Kita-daito-jima, and Miocene-Pliocene dolostones on the Little Bahama Bank, based on
zones recognized in the Cayman model. (C) Localized dolostones in the Pedro Castle

Formation, the Brac Formation, and the Hope Gate Formation contain zones that are
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equivalent to the interior dolostone/dolomitic limestones zone of the Cayman model.
Size of arrows indicating seawater flow directions indicate differences in dolomitization
potential.

Fig. 12. Increases of the average %Ca in dolomites with distance from the edge of the Little
Bahama Bank (Miocene-Pliocene), Grand Cayman (Cayman Formation), and Kita-daito-
jima (Daito Formation).

Fig. 13. Cenozoic island carbonate successions showing variation in development stages in
terms of the landward extending of the dolomites and the lateral distribution pattern of
the dolomite attributes relative to the dolomitization events (as defined by Budd, 1997),

and the ¥Sr/3%Sr ratios of the dolostones (dolomitic limestones).
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Types of island dolostone

Possible examples

“Dolomitization Events”

87Sr/e8Sr ratio

following Budd (1997)
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Table 1.

Cenozoic island dolostones/dolomites. Pervasively dolomitized examples with laterally widespread throughout an island (A1) are the

main foucus of this study.

Approx. km
. #Wells/ from island
Island Formation/ outcrops edge Age
Dolomite strata
or area 12
123500

References

A - Extensive dolomite bodies below/on island, pervasive dolomitization
(A1 Dolomites from >1 well/locations allowing island-wide varations detected)

Pleydell and Jones, 1991; Jones and Luth, 2002,
2003a, b; Ren and Jones, 2017
Zhao and Jones, 2012, 2013

Vahrenkamp and Swart, 1991, 1994

Chevalier, 1973; Aissaoui et al., 1986
Suzuki et al., 2006

Supko, 1977; Dawans and Swart, 1988

Schlanger, 1963; Berner, 1965; Suzuki et al., 2006
Swart and Melim, 2000; Melim and Swart, 2002
Schlanger, 1963; Berner, 1965;

Wei et al., 2006, 2008; Wang et al., 2016

Grand Cayman Cayman Fm. 21 E.-M. Mi.
Cayman Brac Cayman Fm. 4 E.-M. Mi.
Little Bahama Bank Lower & Upper 4 M. Mi.-Pli.
Dolomite

Mururoa -- 5 Pli.
Kita-daito-jima Daito Fm. 77 Pli.
(A2 dolomites from 1 well, island-wide variations undetectable)

San Salvador -- 1 L. Mi-Pli.
Kita-daito-jima -- 1 L. Mi-Pli.
Great Bahama Bank - Unda . E.-M. Mi.
Funafuti -- -- --

. Xuande Fm. / Xichen-1, .
Xisha Islands Huangliu Fm. Xike-1 M.-L. Mi.
B - Localized or restricted distribution of dolostones, pervasive dolomitization
Bonaire Seroe Domi Fm. NW Pli.
Caracao Seroe Domi Fm. SW M. Mi.-E.

Pleist.

Bondoian and Murray, 1974; Sibley, 1980, 1982;
Lucia and Major, 1994

Fouke, 1994




C - Localized or restricted distribution of dolomites, partial dolomitization

Cayman Brac
Cayman Islands

Niue
Niue
Jamaica
Yucatan
Enewetak
Midway
Niue
Aitutaki

Barbados

St. Croix

Brac Fm.
Pedro Castle Fm.

Upper Dolomite

Upper Dolomite
Hope Gate Fm.

Lower Dolomite

5
16

Fonakula
DH4
N
NE
F-1
Reef Hole
DH4
Hole 2
Golden
Grove
Krause
Lagoon

Olig.
Pli.

M.-L. Mi.

Pli.
E. Pleist.
L. Pleist.
Eocene

L. Mi.
Pleist.

Pleist.

Zhao and Jones, 2012a

MacNeil, 2001; Jones and Luth, 2002; MacNeil and
Jones, 2003

Rodgers et al., 1982; Aharon et al., 1987
Wheeler et al., 1999

Land, 1973, 1991

Ward and Halley, 1984

Schlanger, 1963; Bener, 1965; Saller, 1984
Ladd et al., 1970

Wheeler et al., 1999

Hein et al., 1992

Humphrey, 1988, 2000; Machel et al., 1994

Gill et al., 1995




Table 2.

Dolostones and dolomitic limestones from the Brac Formation, Cayman Formation, Pedro Castle Formation and Ironshore Formation
on Grand Cayman and Cayman Brac, dolomite stoichiometry, stable isotopes, and interpreted (equivalent) geographic zones.

. % o N 180y (0 13 (9
Formation Location GeoZg(fr?ghlc LCD> /r(g;lcg? rﬁfgae ° rgngm) ° racngm) FWell/ #Well
(Extent of dolomitization) (Equivalent) saI;Inclj)ll)es (aveg.xlo) (aveg.xlo) (aveg.tlo) (aveg.+10o) XRD - Isotopes
Ironshore Cayman Islands Rare (<12%) dolomite in Unit A only
Castle (Partially dolomitized) - - (57.67+0.61)  (0.23+0.70)  (1.07+0.55)
i 0-100 50.75-57.96 1.11-5.03 1.32-3.83
Peripheral 79.3 7/421  4/105
Dolostone (71430)  (53.86+1.66)  (3.62+0.85)  (3.05+0.47)
Eastern Grand Cayman Transitional 4o 0-100 50.29-59.01 129473 094329 o0,
(>50% formation Dolostone ‘ (39+38)  (55.58+2.25)  (3.10+0.88) (2.01+0.44)
dolomitized, complete Interior 36.0 0-100 51.29-58.88  136-346 052233 .
do}fmlttl_z‘“if in li‘flﬂphertal Dolostone ‘ (38432)  (55.46£1.73)  (2.37+0.55)  (1.4620.40)
Cayman ~ 2ndpartiallyinthecenter) o 0-100 53.72-5939  0.68-3.84  0.64-2.15
Formation Dolomitic 2.2 (2.7£13) 8/186 2/24
Limestone 97%) (57.6+0.86)  (2.10+1.03)  (1.42+0.43)
Western peripheral GC PDTD? 750 0-100 51.20-56.73 200-361 203293 ., Wi
(Completely dolomitized) (60+28)  (54.18+1.47)  (2.68+0.65)  (2.44+0.32)
Cayman Brac 03 0-100 50.48-57.75 1.09-3.19 LIS333 0 s
(Completely dolomitized) =PD? ' (73+£21) (53.53+£1.45)  (2.47£0.41) (2.29+0.52)
(Dolomitic 0-36.7 54.98-57.70 2.0-3.6 1.5-2.9
limestone) 0 (98% pure 2/32 1/19
Brac Cayman Brac DY HCD) (56.79+0.52) (2.8+0.4) (2.4+0.4)
Formation  (Partially dolomitized) 0-32 55.0-57.7 0.64-235  0.69-2.74  5/41°  5/41°
(Dolostone) 0 88
—ID? (88%pure (56 6105)  (1.73£048)  (1.84£0.69)

HCD)




Information for references and wells. Ironshore Formation: Li and Jones, 2013. Pedro Castle Formation: MacNeil and Jones, 2002; MacNeil,
2003; wells GAM, SQA-2, SQA-4. Cayman Formation (eastern Grand Cayman): Ren and Jones, 2016, 2017; Peripheral dolostone: wells HHD-1,
LBL-1, RWP-2, EEZ-1, ESS-1, HMB-1, RTR-1; Transitional dolostone: CKC-1, EEV-2, HRQ-3, FSR-1; Interior dolostone: HRQ-1, HRQ2,
HRQ-4, HRQ-5, HRQ-6, HRQ-7, HRQ-8, FFM-1; Interior dolomitic limestone: HRQ-1, HRQ2, HRQ-4, HRQ-5, HRQ-6, HRQ-8, FFM-1, GFN-
2. Cayman Formation (western Grand Cayman): Jones and Luth, 2002; wells SHT-2, SHT-3, SHT-5, STW. Cayman Formation (Cayman Brac):
Zhao and Jones, 2012a; wells CRQ-1, BW, KEL-1, SQW-1. Brac Formation (Cayman Brac): Zhao and Jones, 2012b; Dolomitic limestone: wells
CRQ-1, KEL-1; Dolostone: wells WOJ-3, WOJ-7, CRQ-1, KEL-1, and outcrop section SCD.
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