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A B S T R A C T   

Dolomite is common in carbonate successions. There is an ongoing debate about the origin of ancient massive 
dolostones. Recent studies suggest widespread syndepositional and early-burial dolomitisation by normal and 
near-normal seawater, in the rock record, than previously recognised. Seawater dolomitisation is ubiquitous in 
Cenozoic islands but Cretaceous counterparts are rare, except for Resolution and Allison guyots, Mid-Pacific 
Mountains. We explored their dolomitisation conditions and the implications on our understanding of Creta
ceous normal seawater syndepositional and near-surface dolomitisation. Integrating geochemical and borehole 
data reveals temporal overlap between 87Sr/86Sr ages of dolomites, and K/Ar and 40Ar/39Ar ages of the base
ment. Dolomites near basaltic basement exhibit 42-times Fe-enrichment compared to normal seawater dolomites. 
Host-rock thermal modelling suggested that δ18Odol temperatures are ~18–29 ◦C higher than concurrent tem
peratures. Seismic interpretation and seismic facies forward modelling demonstrate a spatial overlap between 
dolomites and magmatic sills in both guyots. Accordingly, magmatically driven hydrothermal dolomitisation is 
proposed, which promoted dolomitisation by providing high heat flow, increasing seawater circulation, and 
overcoming limited dolomitisation potential of Cretaceous seawater. The H2O–CO2–SO2–HCl-rich magmatic- 
hydrothermal acidic fluids would mix with seawater causing slight modification by leaching Mg and Fe from 
basaltic basement. Consequently, magmatically active Cretaceous islands had greater potential for seawater 
dolomitisation than counterparts with ceased magmatism, due to increased heat flux and slight increase in Mg:Ca 
of dolomitising fluids. Our findings imply that deep-seated island dolostones don’t only form by deep cold 
seawater below calcite saturation depth. Instead, magmatism appears crucial in this study and potentially other 
locations (e.g. Xisha Islands). The absence of dolostones in other Cretaceous islands supports previous models of 
reduced effectiveness of massive dolomitisation by Cretaceous normal seawater, questioning interpretations of 
syndepositional and near-surface dolomitisation. Thus, caution is advised when interpreting these dolomites by 
considering additional factors (dolomite geometry, geological settings, and dolomitisation age), as they may 
share characteristics with syndepositional and near-surface normal seawater dolomites.   

1. Introduction 

Dolomite (CaMg(CO3)2) is abundant in the rock record and scarce in 
modern sedimentary environments (e.g. Land, 1985). However, some 
challenge this view suggesting significant dolomite formation in the 
Neogene (e.g. Shalev et al., 2019). The origin of dolomite has been a 
puzzling topic for over two centuries, known as the “Dolomite Problem”, 
due to the challenge of synthesising dolomite at laboratory conditions 
resembling the Earth’s surface temperature (e.g. Gregg et al., 2015). 

Recent studies propose that early syndepositional dolomitisation by 
marine fluids (normal and near-normal) is more widespread than 
believed (Newport et al., 2017, 2020; Manche and Kaczmarek, 2019; 
Ryan et al., 2020), even in modern deep ocean sediments (e.g. Shalev 
et al., 2019). Seawater dolomites are ubiquitous in Cenozoic islands and 
atolls (e.g. Grand Cayman, Cayman Brac, Little Bahama Bank, Great 
Bahama Bank, Niue, Enewetak, Jamaica, and Kita-daito-jima, Schlanger 
et al., 1963; Land, 1973; Jones, 1989; Pleydell et al., 1990; Land, 1991; 
Whitaker et al., 1994; Vahrenkamp and Swart, 1994; Budd, 1997; 
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Wheeler et al., 1999; Jones et al., 2001; Jones and Luth, 2002; Melim 
et al., 2002; MacNeil and Jones, 2003; Jones, 2005; Suzuki et al., 2006; 
Zhao and Jones, 2012a, b). These dolomites were formed from un
modified seawater (Warren, 2000; his Fig. 10) via deep cold seawater 
pumping below calcite saturation depth (e.g. Enewetak atoll 
deep-seated dolomites; Saller, 1984), reflux of slightly concentrated 
seawater (e.g. Machel and Burton, 1994; Wang et al., 2022), tidal 

pumping (e.g. Carballo et al., 1987), and Kohout convection (e.g. 
Aharon et al., 1987; Wheeler et al., 1999; Swart and Melim, 2000). 
Approximately 80% of Cenozoic islands and atolls yield dolostones from 
normal seawater origin, while ~40% of Cretaceous islands and atolls are 
dolomitised with ~11% of them were suggested to be from normal 
seawater origin (Fig. 1; check Supplemental Sheet T1 and T2 for the 
criteria of compiling and analysing the geo-dataset of drilled and/or 

Fig. 1. The compiled geo-dataset of Cenozoic and Cretaceous islands and atolls (see Supplemental Sheets T1 and T2). (A) World map of the distribution of the 
Cretaceous and the Cenozoic carbonate islands and atolls. (B) The percentage of dolomitised and not dolomitised carbonate islands and atolls of the Cretaceous and 
the Cenozoic ages. The compiled dataset might not be quantitatively representative of all the formed islands and atolls in the earth during the Cretaceous and the 
Cenozoic as not all of them were drilled or are outcropping. Therefore, the presented dataset might not represent a complete rock record. Although, it can provide, at 
least, a source of a relative comparison to show the difficulty of unmodified seawater dolomitisation in the Cretaceous islands in comparison with the Late Cenozoic 
islands and atolls. 
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outcropped Cenozoic and Cretaceous carbonate islands and atolls). 
Most Cenozoic islands were dolomitised during the Late Miocene to 

Late Pleistocene (~10–0.5 Ma; Wang et al., 2019) when Cenozoic 
aragonitic seawater (Fig. 2) had high Mg2+ concentrations (~49–55.1 
mmol) and Mg:Ca (~5.2) and were highly supersaturated with respect to 
dolomite (Brennan et al., 2013). In stark contrast, Cretaceous calcitic 
seawater (Fig. 2; Horita et al., 2002; Timofeeff et al., 2006) had lower 
Mg2+ concentrations (30–42 mmol) and Mg:Ca (0.6–1.3). Consequently, 
dolomite saturation was lower than during the Late Cenozoic (e.g. 
Arvidson et al., 2011). These conditions favoured calcite precipitation 
over aragonite or high Mg-calcite which might have impacted dolomi
tisation potential of seawater (Steuber and Rauch, 2005) and likely 
hindered large-scale dolomitisation (e.g. Newport et al., 2017, 2020). In 
line with this, Gabellone and Whitaker (2016) using reactive transport 
modelling showed very limited dolomitisation potential and very low 
dolomitisation rates of normal Aptian seawater (~1–2% dolomite frac
tion), in contrast to modern seawater (~62% dolomite after 500 kyr). 
Despite the above, two notable exceptions to the scarcity of Cretaceous 
island dolostones, in the Pacific Cretaceous atolls, are Resolution and 
Allison guyots, both drowned atolls on volcanic basement (Figs. 3 and 4; 
Sager et al., 1993a, b). In both guyots, Sager et al. (1993b) and Strasser 
et al. (1995) suggested early syndepositional dolomitisation in intertidal 
and subtidal facies by seasonally evaporative pumping. In Resolution 
Guyot, Flood and Chivas (1995) suggested that the thick dolomitic 
limestone and dolostones were formed by normal seawater dolomitisa
tion through deep cold seawater pumping at depths below calcite 
saturation depth by Kohout convection (e.g. Enewetak atoll; Saller, 
1984). 

In light of the above, this paper investigates dolomitisation condi
tions in Cretaceous islands and atolls, Resolution and Allison guyots, 
compared to Late Cenozoic counterparts to (a) understand the reasons 
behind the scarcity of dolostones in Cretaceous islands, (b) evaluate the 
effectiveness of syndepositional and near-surface early-burial dolomiti
sation by Cretaceous calcitic seawater, (c) emphasise the importance of 

distinguishing true syndepositional and near-surface early-burial 
normal seawater dolomites from other types of dolomites. Hence, the 
study (a) integrated seismic interpretation and seismic facies forward 
modelling, (b) utilised published geochemical and stable isotope data of 
dolomite, limestone, and basement from the Ocean Drilling Program 
(ODP), and (c) conducted burial and thermal modelling of the limestone 
host rock, in order to fully evaluate the controls on dolomitisation. 

2. Geological settings 

This study focuses on Resolution and Allison guyots which are parts 
of the Mid-Pacific Mountains, a volcanic plateau formed within the re
gion of intense hotspot volcanism known as the South Pacific isotopic 
and thermal anomaly (Fig. 3; Staudigel et al., 1991). It is characterised 
by flat-topped seamounts with shallow marine limestone cover and 
pelagic cap, including Sio, Heezen, Resolution, Jacqueline, Allison, Cape 
Johnson, Renard, and Horizon atolls (Winterer and Sager, 1995). These 
were targeted with other Mesozoic Pacific Guyots by ODP Leg 143/144 
and Roundabout Expedition Leg 10 cruise. Resolution (Site 866) and 
Allison (Site 865) guyots have a ~570-600 m thick unit of dolostone and 
dolomitic limestone on top of basaltic basement and a ~180 m thick unit 
of clayey dolomitic limestone sitting on top of drilled magmatic sills, 
respectively (Figs. 3 and 4; Sager et al., 1993a, 1993b). At Allison Guyot, 
early diagenetic dolomite occurrences are documented in some layers 
between 660 and 837 metres below seafloor (mbsf) at Site 865 (Sager 
et al., 1993b). Burrows exhibit preferential dolomitisation owing to their 
higher permeability (Sager et al., 1993b). XRD analysis by Murdmaa 
et al. (1995) between 670-836 mbsf reveals varying degrees of dolomite 
abundance, ranging from abundant to rare. Dolomite occurrences within 
Resolution Guyot are notable, commencing at ~500 mbsf and recurring 
~900 mbsf (Sager et al., 1993a). Further downhole, dolomite persists 
continuously below ~1000 mbsf, with brown dolomite prevalent in 
sediments from ~1200 to ~1620 mbsf in lithostratigraphic Units VII 
and VIII (Site 866; Flood and Chivas, 1995). The dolomitised succession 
at Site 866 contains a distinct white dolomite interval spanning 30 m 
(1250–1280 mbsf; Flood, 1998) within the broader brown dolomite 
context. This white dolomite interval exhibits a markedly different 
87Sr/86Sr ratio of 0.70822, consistent with an Oligo-Miocene age, con
trasting with the 87Sr/86Sr of the surrounding brown dolomites of 
~0.70735, which aligns with the Cretaceous Age (Flood and Chivas, 
1995; Flood et al., 1996; Flood, 1998). Given the focus of the paper on 
Cretaceous island dolomitisation, we exclude the 30-m interval of the 
Cenozoic white dolomite from our analyses. In both guyots, Resolution 
and Allison, an active exchange between pore-waters and surrounding 
modern seawater is evident based on similar 87Sr/86Sr, major-element 
composition, and δ18O (Sager et al., 1993a, 1993b; Paull et al., 1995; 
Flood, 1998) indicating that open ocean water freely circulates through 
the islands. 

3. Data & methods 

This paper utilises core-log-seismic data collected during ODP Leg 
143/144 and the Roundabout Expedition Leg 10 at Resolution and 
Allison guyots. Seismic data (Fig. 3) were collected by cruise ‘Round
about Expedition Leg 10’ (RNDB10WT; Nov–Dec 1988) aboard the R/V 
Thomas Washington which was a dedicated program to image the 
Mesozoic Guyots in the western Pacific. This survey consisted of single- 
channel, 2D seismic profiles acquired using an 80-in3 water gun, pro
cessed by the University of Texas Institute for Geophysics. Processing 
involved filtering (50–200), mixing (1:1:1), and automatic gain control 
(Marine Geoscience Data System, n.d.). This study used wireline-logging 
data including sonic (DTLN), formation density (RHOB), photoelectric 
absorption factor (PEF), and neutron porosity (NPHI) (Division of Ma
rine and Large Program, n. d.; Supplemental Sheet T3). High-resolution 
core images were accessed from the International Ocean Discovery 
Program JOIDES Resolution Science Operator website (JOIDES 

Fig. 2. Secular variations in molar Mg/Ca ratio (A) and Mg2+ concentration (B) 
in seawater throughout the Phanerozoic (Hardie, 1996; Horita et al., 2002; 
Demicco et al., 2005). 
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Resolution Science Operator, n.d.). The geochemical aspects of this 
study are based on doing our own interpretations of the geochemical 
data that were generated by the Ocean Drilling Program in the Pro
ceedings of the Scientific Results of Leg 143. This geochemical data 
encompasses Mn, Sr, and Fe content, δ18O, δ13C, and 87Sr/86Sr isotopes, 
and major, minor, and trace elements of dolostone and limestone at Site 
866 and radiometric age data of basaltic basements in Leg 143 (Baker 
et al., 1995; Flood and Chivas, 1995; Jenkyns, 1995; Jenkyns et al., 
1995; Pringle and Duncan, 1995; Sager, 1995; Röhl and Strasser, 1995; 
Supplemental Sheets T4-6). Table 1 summarises depth intervals of 
samples, standard sample, laboratory, device, techniques, data source, 
and corresponding supplemental sheet displaying the geochemical data 

values. Resolution Guyot offers a comprehensive dataset of geochemical, 
seismic reflection, and wireline-logging data, while Allison Guyot pro
vides seismic reflection and wireline-logging data. Our analysis pri
marily focuses on Resolution Guyot but includes comparisons with 
Allison Guyot whenever data permits. 

Constraining the spatial geological settings around the dolomites in 
the tied wells of Resolution and Allison guyots was achieved through 
doing seismic interpretation on the processed seismic data (as processed 
by University of Texas Institute for Geophysics). Seismic reflection 
datasets were interpreted and visualised using Petrel® software. The 
seismic data is displayed in the American polarity convention, where a 
downward increase in acoustic impedance (e.g. seabed) is represented 

Fig. 3. A. The Pacific Ocean map showing the location of the Mid-Pacific Mountains and Resolution and Allison guyots (Bai et al., 2019). B. Bathymetry maps of 
Resolution and Allison guyots (Keizer et al., 2001) showing the locations of drilling sites 865 and 866 and the 2D seismic data. 
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by trough-peak-trough with red-blue-red reflections. Seismic to well tie 
at sites 865 and 866 was performed using the time-depth relation of 
El-Yamani et al. (2022; Supplemental Sheet T7) and Sager et al. (1993b). 
Seismic facies and their corresponding depths and palaeogeographic 
distributions in atolls were categorised by interpreting reflection inter
nal configuration and geometries, distribution of seismic reflections, and 
their signal properties (continuity, frequency, and amplitude; Mitchum 
et al., 1977). The interpreted seismic facies were constrained through 
making a 1D convolution forward seismic modelling where drilling data 
were available in one guyot and missing in the other, using RokDoc® 
software. Synthetic seismic facies forward modelling requires five inputs 
which are (a) a conceptual geologic model, (b) bulk densities ρ and 
compressional wave velocities Vp of the rock units in the conceptual 
model, (c) simulating a zero-offset survey using the Zoeppritz equations, 
(d) a zero-phase Ricker wavelet, (e) wavelet frequency (Magee et al., 
2015). A suitable conceptual model to the seismic facies was built using 
the core descriptions (i.e. defining the different rock units and their 
thicknesses) and ρ and Vp of each rock unit. These petrophysical prop
erties (ρ and Vp) were extracted from the wireline-logging data and the 
physical properties measurements (Sager et al., 1993a, 1993b). 
Wireline-log interpretation was performed using Interactive Petrophy
sics® software. The wavelet frequencies were extracted from the seismic 
data using dominant frequency attribute and the spectral analysis tool 
using Petrel® software. 

One hundred and eleven thin sections, across the whole sedimentary 
section at Site 866, were utilised in this study on the dolomite from 
Resolution Guyot. Optical and cathodoluminescence microscopes at 
Imperial College London were used for analysis. Thin sections were 

studied using a transmitted light Zeiss Axioskop 40 with an AxioCam 
ICc1 camera. Cathodoluminescence (CL) microscopy was conducted on 
a Nikon Eclipse 50i luminoscope equipped with a CITL cath
odoluminescence MK5-2 stage and an AxioCam ICc1 camera. The CL 
microscope operated at a current of 315 μA, an accelerating voltage of 
15 kV, and a vacuum of 0.003 mBar. Dolomite crystal textures were 
described based on the classifications of Flügel (2010) and Gregg 1987. 
While crystal sizes were defined according to the classification of Cha
talov (1971) and James and Jones (2015). Cathodoluminescence crystal 
zonation were described using the classification of Machel and Burton 
(1991). The occurrence of dolomite at Resolution Guyot was identified 
by integrating core images, MgO% plot, grain density plot, and RHOB, 
NPHI, and PEF wireline-logs due to the low core recovery (15% average) 
which were all checked with core descriptions and thin sections (Sup
plemental Sheet T8). Qualitative lithological interpretation from 
wireline-logs was based on (a) defining a dolomite dominated interval 
where PEF is 3.14–4.11 b/e and limestone dominated interval where 
PEF is > 4.11–5 b/e (Glover, 2000; Wang et al., 2015; Szabó et al., 2023) 
and (b) defining a dolomite dominated interval where RHOB is posi
tively separated from PEF and vice versa for limestone dominated in
tervals (Wang et al., 2015). The grain density of samples from Site 866 
(Sager et al., 1993a; Kenter and Ivanov, 1995) was used as a proxy for 
mineralogy (Zenger, 1968; Kenter and Ivanov, 1995) using the following 
equation. 

%dol=
ρsample − ρcalcite

0.148
× 100  

where ρsample is the grain density of the sample considering grain 

Fig. 4. Lithostratigraphic descriptions of Resolution (Site 866) and Allison (Site 865) guyots adapted from (Sager et al., 1993a, 1993b; El-Yamani et al., 2022). The 
figure shows a summary of the lithological and fossil content of the different lithostratigraphic units, and their porosity measurements (Sager et al., 1993a, 1993b) at 
different drill sites along with the identified seismic facies. The mineralogy profile of each drilling site was retrieved by integrating core scans, core descriptions (ODP 
Initial Reports, 1993a, 1993b), facies and petrographic descriptions (Arnaud et al., 1995). The red dots in the porosity profile of 865 represents the location of the 
identified dense beds that act as permeability barriers. 
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densities for calcite and dolomite are 2.71 and 2.87 gm/cm3, respec
tively (Carmichael, 1989). 

We utilise Fe, Sr, and Mn concentrations in dolomites to trace their 
potential sources in the dolomitising fluids (Budd, 1997). Dolomite age 
constraints at Site 866 were established by correlating dolomites’ 
87Sr/86Sr data with the Phanerozoic 87Sr/86Sr seawater compositions 
using LOWESS LOOK-UP TABLE 5B regressions (McArthur et al., 2012; 
check Supplemental Material S1). Calculating temperatures of the 
dolomitisation fluids at Site 866 involved employing Horita’s (2014) 
oxygen isotope fractionation equation, dolomites’ δ18Odol, and a δ18Osw 
value of Mid-Cretaceous seawater (~0.2‰ VSMOW, the Mid-Cretaceous 
zonal δ18Osw at the guyots’ paleogeographic location; Zhou et al., 2008; 
check Supplemental Sheet T9 for the corresponding δ18Osw). Detailed 
calculation steps and results are discussed in Supplemental Material S2. 
Burial and thermal modelling aimed to reconstruct the concurrent 
host-rock temperatures during dolomitisation periods (detailed calcu
lation steps and results are discussed in Supplemental Material S3). This 
involved integrating (a) depositional age model at Site 866 by El-Yamani 
et al. (2022) to reconstruct stratigraphic accumulation over time (Sup
plemental Sheet T10), (b) the new dolomitisation age model from this 
study, (c) the average sea surface temperature during Mid-Cretaceous 
(~33 ◦C) at the guyots’ paleogeographic locations (using Scotese and 
Wright’s, 2018 palaeogeographic reconstruction and Valdes’s et al., 
2021 palaeoclimatic simulations; detailed maps of the ocean surface 
temperatures are provided in Supplemental Sheet T9), and (d) 
geothermal gradient. Geothermal gradients in atolls and carbonate 
islands differ from continental areas as they have a negative gradient 
due to the active exchange between pore-water and surrounding 
seawater. Therefore, pore-water temperature profiles in carbonate 
islands and atolls should mimic those of the open marine profile (War
ren, 2000). Instances from various locations such as Enewetak, Bikini, 
Kita-daito-jima, Fangataufa, Mururoa atolls, Reed Bank, Tahiti, Grand 
Cayman Islands, Florida Platform, and Yucatán Peninsula have been 
documented, showcasing gradients ranging from −2.2 ◦C/100 m in Reed 

bank and Mururoa atoll (Rougerie and Wauthy, 1993; Guille, 1996; 
Henry et al., 1996; Wang et al., 2020) to −2.5 to −3.2 ◦C/100 m in 
Mururoa atoll and Grand Cayman Island (Ren and Jones, 2017) up to 
−4.6 ◦C/100 in Tahiti Island (Steinmann and Déjardin, 2004). Consid
ering the similarity in the dimensions and thickness of sedimentary 
cover between Enewetak atoll and Resolution guyot, the geothermal 
gradient of Enewetak atoll was employed (Swartz, 1958; detailed ranges 
are provided in Supplemental Sheet T11). Additionally, concentrations 
of major, minor, and trace elements at Site 866 were integrated with 
wireline-logging data (DTLN, RHOB, and NPHI). Frequency analysis and 
histograms were conducted on the wireline-logging data. 

4. Results and interpretation 

4.1. Seismic interpretation and seismic facies forward modelling 

Seismic facies and their corresponding depths and palaeogeographic 
distributions in the atolls were categorised by analysing seismic prop
erties like reflection pattern, continuity, amplitude, and internal and 
external geometry. Detailed characteristics of these seismic facies are 
explained with integrating drilling and wireline-logging data and 
comparing them with examples from high-resolution seismic data sets. 

Seismic Facies 1 (SF1; Fig. 5): It displays a distinct seismic strati
graphic expression within the host-rock strata as it comprises localised, 
anomalous, high-amplitude, parallel reflections with limited lateral 
continuity and abrupt terminations. SF1 exhibits a sheet-like shape with 
predominantly concordant to locally crosscut relationships within the 
host-rock strata. At Resolution Guyot, SF1 is found between depths of 
−2725 and −2400 TWT-ms (two-way time millisecond; ~900–1500 
mbsf), while at Allison Guyot, SF1 occurs at depths of −2775 to −2600 
TWT-ms (~650->870 mbsf). 

Interpretation 
The seismic features of SF1 (i.e. high amplitude, concordant to 

locally crosscut relationships within the host-rock strata, sheet-like 

Table 1 
Summary table of all the geochemical data used in this paper. The table shows types of data, number of samples, depths of samples, the techniques used and the 
laboratories, data source, standard samples, and the corresponding Supplemental Sheet of the data.  

Rock 
Type 

Geochemical 
Analysis 

Number of 
Samples 

Depth 
Ranges 
(mbsf) 

Techniques & Laboratory Data Sources Standard 
Samples 

Corresponding 
Supplemental Sheet 

of the Data 

Dolostone Sr isotope 9 1572–1224 Finnigan MAT 261 multicollector mass 
spectrometer at the Precise Radiogenic 
Isotope Services, Australian National 
University, Canberra 

Flood and Chivas 
(1995) 

SRM 987 and 
EN-1 

T4 

δ18O 9 1572–1224 Isotopic measurements were performed at 
the Research School of Earth Sciences, 
Canberra 

Flood and Chivas 
(1995) 

NBS-18 and NBS- 
19 δ13C 9 1572–1224 

Elemental 
analysis (Fe & 

Mn) 

12 1611–1175 Microprobe analyses inductively coupled 
plasma atomic emission spectroscopy, 
Queensland University of Technology, 
Brisbane atomic. 
Microprobe analyses with absorption 
analysis by a Philips PU 9400X and 
inductively coupled plasma spectrometry by 
a sequential spectrometer Philips PU 7000. 

Flood and Chivas 
(1995) & Röhl 
and Strasser 

(1995)  

T5 

Elemental 
analysis (Sr) 

6 1593–1252  

Limestone Sr isotope 86 48–1611 VG Sector 54 thermal ionization mass 
spectrometer (TIMS) at the Department of 
Geology, University of North Carolina at 
Chapel Hill. 

Jenkyns (1995) & 
Jenkyns et al. 

(1995) 

NBS 987 T10 

δ18O 86 48–1611 VG Isocarb device and Prism mass 
spectrometer at Oxford University 

NBS 19 and 
Cambridge 

Carrara marble 
δ13C 86 48–1611 

Elemental 
analysis (Fe & 

Mn) 

13 10–1593 Microprobe analyses with absorption 
analysis by a Philips PU 9400X and 
inductively coupled plasma spectrometry by 
a sequential spectrometer Philips PU 7000. 

Röhl and Strasser 
(1995)  

T5 

Elemental 
analysis (Sr) 

18 10–1593  

Bulk chemistry of the whole 
sedimentary succession 

77 1591–39 X-ray-fluorescence analysis Röhl and Strasser 
(1995)  

T6  
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Fig. 5. A. The interpreted seismic facies at Resolution and Allison guyots showing an example of each seismic facies, summaries of their characteristics, and 
interpretation sketch of seismic facies. B. The Figure also show analogues seismic profiles with similar seismic facies from Okinawa Trough 2D seismic data (Chen 
et al., 2020) and Vøring Basin 3D seismic data (Jamtveit et al., 2004) to provide a source of comparison with the displayed characteristics of the seismic facies at 
the guyots. 
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shape, and abrupt terminations) closely resemble magmatic sill- 
intrusions observed in various 2D and 3D seismic data across different 
geological settings (Planke et al., 2000, 2005; Magee et al., 2015; Chen 
et al., 2020; Niyazi et al., 2021, Fig. 5). At Resolution Guyot, Site 866 did 
not encounter any drilled magmatic sill intruding through the sedi
mentary succession. Conversely, at Allison Guyot (Site 865), magmatic 
sill-intrusions penetrating limestones were found between depths of 
830–871 mbsf. To validate our interpretation of SF1, seismic facies 
forward modelling was conducted. Utilising the drilling report from 
Allison Guyot (Sager et al., 1993b), detailing the thicknesses of drilled 
sills and the limestone they intruded, an input model was created 
(Fig. 6A). The drilling reports indicated compressional wave velocity 
and density of drilled sills at 4854 m/s and 2.7 kg/m3, and for lime
stones, 3406 m/s and 2.4 kg/m3, respectively. Dominant frequency 
attribute and spectral analysis tools revealed the seismic data’s domi
nant frequency at both atolls to be ~65–75 Hz (Fig. 6B-C). The input 
model was transformed into synthetic seismic facies forward model by 
simulating a zero-offset survey using Zoeppritz equations and a 
zero-phase Ricker wavelet (Magee et al., 2015). The resulting seismic 
facies forward modelling demonstrated that the thickness and stacking 
pattern of magmatic sill-intrusions at Allison Guyot would produce six 
alternating troughs and peaks, characterised by localised, abrupt 
brightening of high amplitude reflections (Fig. 6D). This aligned with 
observations within the area of drilled sills at Allison Guyot and the 
seismic characteristics of interpreted bright reflection packages in Res
olution Guyot (Fig. 6D). Consequently, we interpret SF1 as magmatic 
sills-intrusion intruding through sedimentary succession of Resolution 
Guyot between depths of −2700 to −2400 TWT ms (~900–1500 mbsf; 
Figs. 3 and 6. D) and Allison Guyot between depths of −2775 to −2600 
TWT-ms (~650->870 mbsf). 

Seismic Facies 2 (SF2; Fig. 5): The interpreted magmatic sill- 
intrusions in both guyots are associated with vertical zones of dis
rupted and reduced reflection continuity which are surrounded by tilted 
and enhanced reflection amplitudes. SF2 bases consistently align with 
the tips of interpreted magmatic sill-intrusions (Fig. 5). The upper part of 
SF2 exhibits eye-, crater-, mounded-, or dome-shaped geometry with a 
width of ~700-1700 m. The vertical disrupted zones of SF2 have 
inward-dipping reflections. Variance attribute highlights SF2 as zones of 
dim to chaotic reflections relative to the well-bedded reflections of the 
host-rock strata. Adjacent to SF2, localised areas show small-scale 
chaotic reflections and vertical discontinuities. 

Interpretation 
The interpreted seismic characteristics of SF2 (i.e. eye-, crater-, 

mounded-, or dome-shaped geometry of their upper parts, upward 
bending of surrounding seismic reflections, disrupted reflections within 
SF2, their inward-dipping reflections, and their intimate association 
with underlying magmatic sill-intrusion) strongly resemble hydrother
mal vent complexes associated with magmatic intrusions as identified in 
2D and 3D seismic data across various geological settings (Jamtveit 
et al., 2004; Planke et al., 2005; Chen et al., 2020, Fig. 5). The 
smaller-scale zones of chaotic reflections and vertical discontinuities 
surrounding SF2 (Figs. 5, 7 and 8) are interpreted as fluid escape pipes 
(Huang et al., 2020). SF2 spans a width of 300–1500 m in both guyots, 
up to 5000–6000 m at their centres (Figs. 7 and 8). The interpreted sills 
and associated hydrothermal vents extend across both guyots’ widths 
(Fig. 3) but are primarily concentrated in the middle. The horizontal 
distance of the closest hydrothermal vents complexes to the dolomites at 
Resolution and Allison guyots drilling sites is ~2600 to 2000 m, 
respectively. 

4.2. Dolostone core and petrographic observations 

4.2.1. Macroscale dolostone textures 
The sedimentary sequence at Resolution Guyot comprises non- 

dolomitised limestones, partially/patchy dolomitised limestones, and 
dolostones (Fig. 9). Dolostones are distinguished by their dark brown 

colour (Fig. 9G, H) compared to the beige, cream, and light brown hues 
of limestone and dolomitic limestone (Fig. 9A-F). Identifying dolomite at 
Resolution Guyot involved integrating core images, MgO% and grain 
density plots, and wireline-logs due to low core recovery. The integrated 
approach delineates (Fig. 10): (a) complete dolomitisation at 1620-1500 
mbsf, (b) intervals partially dolomitised alternating with limestones at 
1500-1360 mbsf, (c) partially to completely dolomitised succession at 
1360-1160 mbsf, (d) patchy dolostones intercalating with limestones 
above 1160 and below 1000 mbsf. Dolomite is almost absent in cores, 
thin sections, and seamer slides descriptions above this level (ODP Initial 
Reports, 1993a) which suggest that the interpreted intervals in 
wireline-logs above that are mistakenly identified possibly due to (a) the 
bad conditions of the borehole (note wireline-logs spikiness; check 
Supplemental Sheet T8), and (b) presences of clays in the limestone 
which can have overlapping densities (2.6–3.3 gm/cm3; Deer et al., 
1966) with dolomite. 

In pervasively dolomitised sections, fine to medium crystalline dark 
brown replacive dolomite matrix exists, with molds and vugs filled by 
medium to coarse crystalline golden-light brown dolomite cements 
(Fig. 9G, H). Precursor limestone fabrics are mostly well preserved, 
showing carbonate grains and mouldic pores (Fig. 9G, H). The calcitic 
carbonate grains (e.g. ooids, oncoids, pisoids, bivalves) show different 
preservation levels from unaltered to partially or totally dolomitised 
(Fig. 9G, H). Partially and patchy dolomitised sections display lighter 
brown to cream colours, with mainly fine to medium crystalline repla
cive dolomite, replacing matrix and grains (Fig. 9B-D, F). 

4.2.2. Microscale dolomite textures 
Replacive dolomites (RD) show finely to medium crystalline 

(100–300 μm) planar-e and planar-s textures (Fig. 11). The Pervasively 
dolomitised sections have a densely interlocked mosaic (Fig. 11A-C), 
while partially to patchy dolomitised sections are less dense (Fig. 11D- 
F). Dolomite cements (DC) are present throughout the whole section 
with finely to medium crystalline (150–350 μm up to 400–500 μm) 
planar-s to non-planar textures (Fig. 11). Dolomite cements partially to 
fully occlude mouldic, vuggy, interparticle and intercrystalline poros
ities (Fig. 11F). In some cases, dolomite cements have finer crystals 
lining vugs and coarser crystals in the centre. Original limestone fabrics 
are mostly preserved with varying degrees from totally to partially 
retentive to ghost structures of preexisting carbonate grains (e.g. ooid, 
peloids, oncoids, bioclasts; Fig. 11A-C, E). In few cases, the original 
fabrics are preserved just in few relics of ghost structures. Dolomite 
crystals typically exhibit concentric to oscillatory zoned luminescence of 
dark to bright orange, dark to light brown and bright yellow zones 
(Fig. 12A-D). Some show similar luminescence but of dull to bright red 
and reddish orange (Fig. 12E). Unzoned, mottled, or blotchy lumines
cence are almost absent across the succession. 

4.3. Dolomite geochemistry 

Dolomites have δ18Odol values from −1.6 to +0.7 and δ13Cdol values 
from +2.1 to +2.8. While host-rock Limestones have δ18Olmst values 
from −3.44 to −0.53 (average: 2.01) and δ13Clmst values from −0.42 to 
+5.34 (average: +2.67). Dolostones at Site 866 exhibit 87Sr/86Sr ratios 
between 0.7072880 and 0.7073970 (Fig. 13). The corresponding 
representative limestone at the same depth range shows 87Sr/86Sr ratios 
between 0.7074490 and 0.7075330. Dolostones have Sr content ranging 
from 106 to 239 ppm (average: 148 ppm), while limestones Sr content 
range from 56 to 368 ppm (average: 179 ppm). Dolomite Fe and Mn 
contents (Fig. 13A-B) range from 70 to 3172 ppm (average: 860 ppm) 
and 2–49 ppm (average: 17 ppm), respectively. Limestone exhibits Fe 
and Mn contents (Fig. 13A-B) from 9 to 388 ppm (average: 105 ppm) 
and 1–28 ppm (average: 11 ppm), respectively. The MgO% plot at Site 
866 indicates a lack of partially to fully dolomitised limestone above 
1100–1000 mbsf, with a noticeable SiO2% peak (~68%) at approxi
mately 1075 mbsf (Fig. 14). 
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Fig. 6. Seismic facies forward modelling of the interpreted magmatic sill-intrusion. A. A schematic representation of the intruding sill across the sedimentary 
succession at Site 865 along with their corresponding petrophysical properties. B. and C. Dominant frequency attribute seismic profiles along with spectral analysis 
data from Resolution and Allison guyots, respectively. A comparison between seismic profiles (D.) displaying the interpreted sills at Resolution and Allison guyots 
against the results of the seismic facies forward modelling of the conceptual geologic model from core descriptions (E.) at Site 865 using 65 and 75 Hz frequencies, 
both D. and E. have the same vertical scale. The dashed box in E. highlights the area displayed in the synthetic seismic facies forward models. 
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Interpretation 
To explore the age ranges of dolomitisation processes that occurred 

at Site 866, dolomite 87Sr/86Sr isotope ratios were utilised. This involved 
applying the validation approach outlined by Budd (1997) and Wang 
et al. (2019), which includes verifying whether these ratios accurately 
represent the seawater primarily involved in dolomitisation and con
firming that no subsequent alterations in the Sr composition occurred 
within the system. Dolomite Sr content (106–239 ppm; mean 148 ppm) 
falls below 300 ppm, suggesting an open seawater-buffered diagenetic 
system. The dolomite 87Sr/86Sr ratios generally increase from bottom to 
top of the dolostone succession, resembling patterns seen in 
seawater-mediated Cenozoic island dolostones. Their 87Sr/86Sr ratios 
overlap with Mid-Cretaceous Sr-isotope stratigraphy (McArthur et al., 
2012). Based on the 87Sr/86Sr ages, derived from McArthur et al.’s 
LOWESS LOOK-UP TABLE 5B, dolomitisation of Early-Cretaceous 
limestone (depositional age ~132-130 Ma) occurred during the 
Mid-Cretaceous (125 ± 0.5 to 119.3 ± 1 Ma and/or 112.9 ± 0.35 to 
109.5 ± 1.1 Ma; Fig. 13C), indicating ages of at least 5–12 million years 
younger than the host-rock and 8–15 million years younger than the 
initiation of sedimentation at Site 866. The possibility of dolostone 
recrystallisation following the initial dolomitisation phase could reset 
87Sr/86Sr values and other geochemical aspects as well (δ18Odol, δ13Cdol, 

major and minor elemental composition) which would invalidate dating 
(Budd, 1997; Wang et al., 2019). However, the following evidence 
suggests replacement rather than recrystallisation: (a) preservation of 
depositional fabric and allochem ghosts (Fig. 11), (b) absence of dolo
mites with markedly different geochemical signatures (δ18Odol, Sr con
tent), and (c) retention of crystal zonation under CL (e.g. Gregg and 
Sibley, 1984; Lee and Friedman, 1987; Mazzullo, 1992; Machel, 2000a, 
Fig. 12). Based on integrating dolomitisation age of the shallowest (1224 
mbsf) and deepest (1572 mbsf) samples with dolomite 87Sr/86Sr values 
with their depositional age (El-Yamani et al., 2022), the overburden 
thickness during dolomitisation (125 ± 0.5 to 119.3 ± 1 Ma and/or 
112.9 ± 0.35 to 109.5 ± 1.1 Ma) ranged from 425 to 920 and 771–1262 
mbsl (metre below sea-level), respectively. Burial and thermal history 
calculations of the host rock at depths 1224 and 1572 mbsf from initial 
deposition to 110 Ma are provided in Supplemental Material S3, 
showing the overburden thicknesses. 

By applying Horita’s (2014) equation, the lightest and heaviest 
δ18Odol of dolomites at Site 866 indicate that the calculated dolomiti
sation temperatures are rising from 30.4 ◦C (1224 mbsf: shallowest 
sample) to 41.2 ◦C (1572 mbsf: deepest sample). This gradual temper
ature increase with depth (Fig. 13D) contrasts with typical 
seawater-mediated island dolostones (e.g. Budd, 1997; Suzuki et al., 

Fig. 7. Seismic interpretation of the magmatic and hydrothermal system in Resolution Guyot. The seismic profile shows the seismic features of SF1: magmatic sill- 
intrusions (i.e. high amplitude, concordant to locally crosscut relationships within the host-rock strata, sheet-like shape, and abrupt terminations) and their asso
ciated SF2: hydrothermal vents and smaller scale fluid flow pipes (i.e. eye-, crater-, mounded-, or dome-shaped geometry of their upper parts, upward bending of 
surrounding seismic reflections, disrupted reflections within SF2, and their intimate association with underlying magmatic sill-intrusion). The highlighted part with 
transparent green box represents the approximate depths of the dolomite body(ies) projected away from Site 866. 
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2006; Ren and Jones, 2016; Wang et al., 2019; Li et al., 2023a). Burial 
and thermal modelling of the limestone host rock suggests that the 
concurrent pore-fluid ambient temperatures during dolomitisation (125 
± 0.5 to 119.3 ± 1 Ma and/or 112.9 ± 0.35 to 109.5 ± 1.1 Ma; Fig. 13D; 
Supplementary Material S1) should have been approximately 
14.5–11 ◦C (Fig. 13D). Elemental data from Resolution Guyot depict 
host limestone and low Mn, Fe dolomites (Fig. 13A) aligning within the 
range of seawater island dolomites (Budd, 1997), but with some Fe-rich 
dolomites concentrated only near the basement (1620–1398 mbsf; 
~50% of dolomites with 1536–3172 ppm Fe; mean 2204 ppm; Fig. 13B). 

The termination of the dolomitised section aligns with an abrupt 
peak in SiO2% (~68%; Fig. 14). This peak could indicate terrigenous 
input and/or volcanic ashes, given the geological context. However, the 
lack of correlation between the SiO2% peak and TiO2%, Al2O3%, or 
Fe2O3% at that level dismisses clastic input (Röhl and Strasser, 1995; 
Śliwiński et al., 2012). Evidence suggesting that the interval above the 
pervasive dolomite (1100–1010 mbsf) includes dispersed volcanic 
ash-rich intervals is: (a) frequency analysis of wireline-logs matches 
characteristics of volcanic ashes (Watson et al., 2017) with 77% of 
RHOB log falling between 2.15 and 2.35 gm/cm3, 58% of NPHI log 

Fig. 8. Seismic interpretation of the magmatic and hydrothermal system in Resolution Guyot. The seismic profile shows the seismic features of SF1: magmatic sill- 
intrusions (i.e. high amplitude, concordant to locally crosscut relationships within the host-rock strata, sheet-like shape, and abrupt terminations) and their asso
ciated SF2: hydrothermal vents and smaller scale fluid flow pipes (i.e. eye-, crater-, mounded-, or dome-shaped geometry of their upper parts, upward bending of 
surrounding seismic reflections, disrupted reflections within SF2, and their intimate association with underlying magmatic sill-intrusion). The highlighted part with 
transparent green box represents the approximate depths of the dolomite body(ies) projected away from Site 865. 
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between 30 and 39 pu, and 62% of DTLN between 80 and 100 us/ft; (b) 
silica content at ~1080 mbsf (~69%) fits within the suggested range for 
volcanic ashes (45–75 wt%; Heiken, 1972); (c) fragments of volcanic 
glass are observed at 1010–1040 mbsf (Röhl and Strasser, 1995); (d) low 
Cr concentration (≤1 ppm) matches values of discrete ash layers (<3 
ppm; Sigurdsson et al., 1997); (e) the presence of varicolored (green
–grey) smectitic, illitic, and I/S mixed-layer clays (Baudin et al., 1995); 
(f) their host-rock limestone has mid-late Barremian age which overlap 
with the proposed volcanic ash origin of the Barremian and Aptian clays 
at Site 463 (25 km east of Resolution Guyot; the Barremian-Aptian 
volcanism in the western Pacific; Vallier and Jefferson, 1981). 

5. Discussion 

5.1. The link between magmatism and hydrothermal venting 

Previous studies on different types of hydrothermal vents complexes 
across different types of sedimentary basins interpreted their origin as 
‘volcanic features’ (Skogseid et al., 1992; Davies et al., 2002). However, 
subsequent studies, based on integrating wireline-logging data and 3D 
seismic data, suggested that hydrothermal vents above sills are formed 
predominantly through hydrothermal fluid circulation and subsurface 
remobilisation of sediments rather than extrusive seafloor volcanism 
(Bell and Butcher, 2002; Planke et al., 2005). The origin of hydrothermal 
vent complexes (SF2) in this study is deduced through seismic facies 
analyses, exhibiting distinct characteristics compared to the host-rock 
(Figs. 5, 7, and 8): (a) cylindrical low amplitude conduits, (b) eye-, 

crater-, mounded- or dome-shaped upper parts, (c) internal 
inward-dipping reflections, (d) preferred locations of hydrothermal 
vents at the tips of magmatic sills. These seismic features resemble hy
drothermal vent complexes in other settings linked with magmatic in
trusions that mobilise fluids, leading to fracturing of overlying strata (e. 
g. Jamtveit et al., 2004; Planke et al., 2005; Hansen, 2006). To form 
these complexes, local fluid pressure must exceed hydrostatic pressure, 
generated through the following factors (Judd and Hovland, 2007; 
Planke et al., 2005; Aarnes et al., 2012; Iyer et al., 2017; Omosanya 
et al., 2018; Wang et al., 2018c): (a) temperature increase by the 
magmatic sill-intrusions would rapidly heat the surrounding rocks 
causing boiling of pore-fluids, (b) magmatic release of 
H2O–CO2–SO2–HCl-rich hydrothermal fluids from the intruded magma 
would cause overpressure, (c) metamorphic dehydration reactions be
tween magmatic intrusions and host-rock would release various gases (e. 
g. CO2 and SO2), (d) generation of large quantities of other gaseous such 
as CH4 could result in large overpressures. As pressure cannot be dissi
pated quickly, areas around the magmatic sill-intrusions would become 
overpressured and hydraulic fracture networks would form hydrother
mal vent complexes and associated smaller scale fluid escape pipes along 
which gas, water, magmatic fluids, and volatiles would escape to the 
seafloor (Roelofse et al., 2021). The previously described factors were 
seen at Resolution and Allison guyots. At Site 865, the contact between 
sills and overlying carbonates reveals decarbonated, metasomatised, 
lignite-bearing sedimentary layers that contains fragments of very 
highly to completely altered basalts due to high intrusion temperatures 
(Sager et al., 1993b). Site 866 displays a negative δ34SCAS shift (125-110 

Fig. 9. Core photographs of the dolomitised succession at Site 866, Resolution Guyot. The scale bar represents 30 cm. The naming of the cores is as follows: core 
number, core type (R: rotary coring), & section number. A. Core photo showing the beige and cream hues of limestone (LST) oolitic grainstone (738 mbsf). B. Core 
photo showing light brown partially dolomitised limestone (LST) of peloidal bioclastic grainstone (1174 mbsf). C. Core photo of beige colour of patchy dolomitised 
limestone of peloidal wacke-to pack-stone with few replacive dolomites (RD) (1309 mbsf). D. Core photo showing in the upper part non-dolomitised limestone 
(peloidal and oolitic grainstone) while the lower part is dolomitised with replacive dolomites and dolomite cement (1358 mbsf). E. Core photo of dark brown 
dolostone with preserved calcitic grains, dolomite cements, and replacive dolomites. The lower part of the photo shows non-dolomitised limestone (1457 mbsf). F. 
Core photo of light brown colour of peloidal grainstone of partially dolomitised limestone (1468 mbsf). D, E, & F represent partially-totally dolomitised intervals 
alternating with limestones. G. Massive dolostone of oncoidal and oolitic pack- and grain-stone (1550 mbsf). The photo shows calcitic grains, replaced grains with 
dolomites, and mouldic porosities of dissolved ooids and onocolites which are filled totally or partially with dolomite cements. H. Core photo of massive dolostone of 
oncoidal and oolitic grain- to rud-stone. (1592 mbsf). The photo shows calcitic grains, replaced grains with dolomites, and mouldic porosities of dissolved ooids and 
onocolites which are partially or totally filled with dolomite cements. 
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Ma), suggesting increased volcanism, hydrothermal activities, and 
magmatic sulphur release (Mills et al., 2017; Paytan et al., 2004). 
Relatively high Tmax values at Site 865 and charcoal content at Site 866 
(Baudin et al., 1995) imply thermal anomalies caused by basaltic sills. In 
addition, our interpretation of the seismic data revealed the absence of 
any volcanic cones or lava flows (e.g. Infante-Paez and Marfurt, 2018) 
related to the interpreted hydrothermal vents at both guyots. Hence, 
hydrothermal vent complexes above the sills in both guyots resulted 
from hydrothermal fluid circulation and hydraulic fracturing of sedi
ments rather than extrusive seafloor volcanism. 

5.2. Magmatically driven hydrothermal dolomitisation 

Fe and Mn concentrations can provide one of the most useful types of 
information regarding interpretations of dolomite genesis (James and 
Jones, 2015). Modern seawater typically contains low Mn (0.2 ppb) and 
Fe (2 ppb; Drever, 1997). According to Veizer (1983), dolomites formed 
in seawater should exhibit low Mn (1 ppm) and Fe (3–50 ppm). 
Seawater-mediated island dolomites are known for low Fe (<300 ppm) 
and Mn (<50 ppm) concentrations (Budd, 1997). However, the 

lowermost 220 m of Cretaceous dolomitic limestones and dolostones at 
Resolution Guyot exhibit notably high Fe content (range: 1536–3172 
ppm; mean: 2204 ppm), suggesting external metal sources like overlying 
soil, underlying volcanics, or detrital siliciclastics (Budd, 1997). Soil 
horizons, exposure surfaces are not likely the source here as the 
observed Fe-enrichment cannot be explained by Fe-stained exposure 
surfaces (e.g. Fe of few hundreds of ppm in dolomites around soil ho
rizons and exposure surfaces in Grand Bahama Island and the Xisha 
islands; Budd, 1997; Li et al., 2023a). The correlation between terrige
nous input proxies (SiO2%, TiO2%, Al2O3%, Fe2O3%; Fig. 14) around 
~1400-1380 mbsf suggests terrigenous input, supported by dispersed 
clay seams in cores. Therefore, this might suggest terrigenous input as 
the source of Fe-enrichment at that level. However, this cannot explain 
the Fe-enrichment below 1400 mbsf (Fig. 14) because (a) there is no 
correlation between terrigenous input proxies below that level except at 
~1552 mbsf which correspond to a very small, millimetres-thick, clay 
seam, (b) clay seams are very rare in the cores with 
millimetre-centimetre scale, and (c) XRD analyses at Site 866 suggest 
absence of any clayey interbeds between 1400 and 1601 mbsf (Murd
maa et al., 1995). Thus, this rules out terrigenous input as a source of 

Fig. 10. Dolomite distribution versus depth at Site 866 based on integrating core descriptions, MgO%, and dolomite% using grain density along with measured 
porosities (Sager et al., 1993a) and facies templates (Arnaud et al., 1995). The green boxes highlight the dolomitised intervals. Facies numbers, based on (Arnaud 
et al., 1995), are: Facies 0: Fine-grained Pelsparites, Facies 1: Peloosparites and Oopelsparites with Reworked Ooids, Facies 2: Well-sorted Oosparites to Oomicrites, 
Facies 3: Peloosparites and Peloomicrites, Facies 4: Oo-oncosparites with Rounded Micritic Oncoids, Facies 5: Pelsparite and Pelmicrite with Echinoderm Plates and 
Small Benthic Foraminifers, Facies 6: Coarse-grained Biosparites with Rounded Elements, Facies 7: Coarse-grained Biosparites with Rudist and Gastropod Shells, 
Facies 8: Pelbiomicrites and Pelbiosparites with Benthic Foraminifers, Facies 9: Micrites and Pelmicrites with Sponge Spicules and Large Benthic Foraminifers, Facies 
10: Micrites and Biomicrites with Large Foraminifers, Facies 11: Micrite and Pelmicrite with Rudists and Gastropods, Facies 12: Micrite and Pelmicrite with Green 
Algae, Facies 13: Micrite with Ostracodes and Small Benthic Foraminifers, Facies 14: Micrite and Pelmicrite with Bird’s Eyes, Facies 15: Micrite and Pelmicrite with 
Oncolites, Facies 16: Micrite-Pelmicrite and Dolomicrite-Dolopelmicrite with Algal-Microbial Mats, Facies 17: Micrite and Dolomicrite with Thin Sedimentary 
Laminations, Facies 18: Micrite with Desiccation Cracks. 
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Fe-enrichment below 1400 mbsf. Therefore, the volcanic basement is the 
only plausible source left for Fe-enrichment at ~1620-1540 mbsf. The 
depths of dolomites (Figs. 4 and 7C, D) at Allison (−2707 to −2596 TWT 
ms; 660–837 mbsf) and Resolution (−2790 to −2490 TWT ms; 
1620–1050 mbsf) guyots and the depths of the interpreted sills on 
seismic data are laterally overlapping which suggests spatial coexis
tence. Moreover, there is a strong temporal overlap between (a) the 
87Sr/86Sr ages of dolomites, (b) the ages of basalt samples at Site 866 
(107–125 Ma using K/Ar whole-rocks age dating and an average of 126 
Ma using 40Ar/39Ar age dating, Baker et al., 1995; Pringle and Duncan, 
1995; Sager, 1995), (c) the negative δ34SCAS shift at Site 866 (110–125 
Ma; Mills et al., 2017), and (d) the proven magmatism at the Mid-Pacific 
Mountains (130-110 Ma; Pockalny et al., 2021) which may suggest a 
causality relationship (Fig. 13C). Based on the dolomitisation age of the 
shallowest (1224 mbsf) and deepest (1572 mbsf) samples with dolomite 
87Sr/86Sr values, the range of the overburden thickness during dolomi
tisation was 425–920 and 771–1262 m, respectively. Such an over
burden thickness suggests post-depositional dolomitisation within 

depths of shallow to intermediate burial diagenetic settings (sensu 
Machel, 1999). This does not support syndepositional or near-surface 
early-burial dolomitisation by normal to seasonally evaporative 
seawater as suggested earlier (Sager et al., 1993b; Röhl and Strasser, 
1995; Strasser et al., 1995). The δ18Odol calculated temperatures are 
~18–29 ◦C hotter than the concurrent temperatures of the host rock 
(Fig. 13D) given that the proven active exchange between pore-water 
and surrounding seawater at the Pacific guyots (Paull et al., 1995) 
should have driven the temperatures within the guyots towards the 
surrounding seawater temperatures (i.e. negative geothermal gradient 
in oceanic islands and atolls mimicking those of the open marine profile 
as observed in Enewetak, Bikini, Kita-daito-jima, Fangataufa, and 
Mururoa atolls, Reed Bank, Tahiti, and Grand Cayman Islands, Florida 
Platform, and Yucatán Peninsula; Swartz, 1958 ; Kohout et al., 1977; 
Rougerie and Wauthy, 1993; Guille, 1996; Henry et al., 1996; Andrié 
et al., 1998; Fairhurst et al., 1999; Leclerc et al., 1999; Jean-Baptiste and 
Leclerc, 2000; Jones et al., 2000; Warren, 2000; Stoessell et al., 2002; 
Steinmann and Déjardin, 2004; Montaggioni and Braithwaite, 2009; Ren 

Fig. 11. Thin-section photomicrographs showing plane polarised light (PPL) and crossed polarised light (XPL). A. & B. Photomicrographs from totally dolomitised 
intervals showing replacive dolomites (RD) and dolomite cement (DC) with fabric preservation of ooids (Oo), oncoids (Oc) and peloids (Pl). C. Photomicrograph from 
partially dolomitised interval showing outlines of original fabric and partially dolomitisation of muddy matrix (Mc). D. Patchy dolomitised limestone. E. Pervasively 
dolomitised limestone with fabric preservation. F. Partially filled vug with dolomite cement in a wackestone. 
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and Jones, 2017; Wang et al., 2020). Using other published equations of 
oxygen isotope fractionation during dolomitisation to compute δ18Odol 
temperatures (Northrop and Clayton, 1966; O’Neil and Epstein, 1966; 
Fritz and Smith, 1970; Sheppard and Schwarcz, 1970; Matthews and 
Katz, 1977; Land, 1985; Woronick and Land, 1985; Vasconcelos et al., 
2005; Müller et al., 2019; Supplementary Sheet T12) would change the 
absolute values of δ18Odol derived temperatures but it does not change 
the conclusion that dolomitisation temperatures are hotter than con
current temperatures of the host-rock with at least 12–25 ◦C. Our cal
culations are conservative considering that if the δ18Owater was changed 
by the interaction of normal Cretaceous seawater (0.2‰ SMOW; Zhou 
et al., 2008) with magmatic fluids (5.3–10‰ SMOW; Sahlström et al., 
2019), then the temperature of dolomitisation could be significantly 
higher than estimated. Therefore, this suggests the presence of an 
external heat source (sensu hydrothermal dolomite; Machel and Lonnee, 
2002). 

Accordingly, our integration of geochemical, seismic, and wireline- 
logging data at Resolution Guyot led us to propose a magmatically 
driven hydrothermal dolomitisation model (Fig. 15) which is suggested 

to be applicable as well in Allison Guyot based on the similar geologic 
setting and the association between sills and dolomites (Figs. 7 and 8). 
Three main contributions of magmatic emplacement to facilitate dolo
mitisation have been inferred from our study. Firstly, magmatic activ
ities, including sill emplacement, and the resultant magmatic- 
hydrothermal fluids, have contributed significantly to boosting ther
mal energy, driving increased seawater circulation through the atolls, 
thereby acting as a high heat flux source. In general, the average basal 
heat flux of magmatically passive oceanic island crusts have a range of 
~60–101 mW/m2 (Henry et al., 1996; Leclerc et al., 1999; Jean-Baptiste 
and Leclerc, 2000; Turcotte and Schubert, 2001; Wilson et al., 2001). To 
estimate the basal heat flow at Resolution Guyot, we used the compiled 
dataset by Stein and Stein (1992) which relate the heat flow to the age of 
the oceanic crust. Considering the deposition began at Site 866 at 
~132–133 Ma (El-Yamani et al., 2022), indicating the volcanic pedes
tal’s age beneath the atoll is at least that old. This corresponds with the 
magnetostratigraphic zonation observed in the sedimentary layers at 
Site 866 (Tarduno et al., 1995), where the base of the sedimentary 
sequence is placed within Chron M7 (around 132-132.55 million years 

Fig. 12. Thin-section photomicrographs showing plane polarised light (PPL) and cathodoluminescence (CL). Concentric to oscillatory zoned luminescence of dark to 
bright orange, dark to light brown (A–D) and bright yellow zones (D). E. Concentric to oscillatory zoned luminescence of dull to bright red and reddish orange. 
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ago, according to the geological time scale 2012 by Ogg, 2012). This 
suggests that the basement must be of at least that age or older. As the 
age of basalts at the same site is average ~126 Ma (Pringle and Duncan, 
1995; Sager, 1995), the minimum quiescence time before magmatism 
recommenced and the youngest possible age of the volcanic pedestal 
during subsequent magmatism would be ~6–7 million years. Conse
quently, the highest possible basal heat flux from the pedestal, before 
magmatic rejuvenation at ~126 Ma, would be at most ≤ 100 mW/m2 

(using Stein and Stein, 1992 database; check their Fig. 1), falling within 
the known ranges of basal heat flux in magmatically passive oceanic 
island crusts. This is much lower than the heat flux at regions where 
magma ascends and hydrothermal circulation occurs (e.g. >800–2000 
mW/m2 Leroy et al., 2010; Pearson-Grant et al., 2022). Such surge oc
curs because the emplacement of magmatic intrusions and basaltic lavas 
generates temperatures ≥1000–1350 ◦C (Parfitt and Wilson, 2009; 

Clague et al., 2018; Shea et al., 2022), significantly influencing the local 
heat flow dynamics. This explains the higher temperatures of the dolo
mites at Site 866 compared to the concurrent temperatures of the host 
rock, and the strong temporal overlap between the dolomitisation 
87Sr/86Sr ages and 40Ar/39Ar and K/Ar ages of basement samples. Nu
merical modelling by Jean-Baptiste and Leclerc (2000) and Frazer et al. 
(2023) emphasised the positive impact of the increase in the basal heat 
flow on the fluid flux velocities across the carbonate platforms. Simi
larly, reactive transport modelling of early-burial island dolomitisation 
by geothermal convection showed that the increase of basal heat flux 
from 40 to 100 mW/m2 would double the dolomitisation rate (Whitaker 
and Xiao, 2010). Accordingly, the magmatism in Resolution Guyot had 
important impacts on the fluid flux and the temperature to overcome the 
very limited dolomitisation potential and dolomitisation rates of normal 
Cretaceous seawater (Gabellone and Whitaker, 2016). 

Fig. 13. Geochemical analyses of the dolomite at Site 866. A. Mn and Fe plot showing a cluster of the host rock and low Fe and Mn dolomites within values of island 
dolomites by Budd (1997) and presence of Fe-enriched dolomites. B. Fe and Mn plot with depth showing Fe-enrichment of the dolomite close to the basement. The 
dashed line in panel (B) shows the location of the potential terrigenous input (T.I). C. Depositional age model of the host rock (El-Yamani et al., 2022) and the 
87Sr/86Sr ages of the dolomite and 40Ar/39Ar ages of the basement and K/Ar whole-rock ages of the basement (Baker et al., 1995; Pringle and Duncan, 1995). D. 
δ18ODol vs depth showing temperature increase with depth which is different form the expected thermal history of host rock at 1572 and 1224 mbsf between 125 and 
110 Ma. 
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Fig. 14. Geochemical analysis plot at Site 866 showing the presence of dolomites between 1620 and 1100 with absence of dolomite above that level. It also shows 
the peak of SiO2% above the dolomites with no correlation with TiO2%, Al2O3%, Fe2O3%, and Cr ppm. The figure shows the frequency analysis on log interpretation 
showing that the interval between 110 and 1010 mbsf is characterised by (1) 77% of RHOB is ~2.15–2.35 gm/cm3, (2) 58% of NPHI is ~30–39 pu, and (3) 62% of 
DTLN is ~80–100 us/ft. 

Fig. 15. Conceptual model of the sills emplacement, hydrothermal vents and the released magmatic fluids interacting with the basement leaching Fe and Mg to the 
circulating seawater causing a slight modification of its metal content, increasing the Mg2+ budget, Mg/Ca ratio, and temperature which facilitated dolomitisation. 
The dispersed intervals rich with volcanic ash acting as an aquiclude to the upflow of the dolomitising fluids. The model shows the expected dolomite distribution 
away from the drilling site based on the presence of preferentially dolomitised intervals at the drilling site. 
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Secondly, the ongoing discussion showed that the seismically inter
preted hydrothermal vents, and smaller scale fluid flow pipes in both 
atolls were magmatically originated through hydraulic fracturing. They 
have width ranges of few to tens of hundreds of metres (Figs. 3, 7 and 8). 
However, previous modelling and field-based studies suggested that 
individual active hydrothermal vents widths are significantly narrower 
(5–10 m) than what is observed in seismic data (Collignon et al., 2018; 
Manton et al., 2022). Therefore, what appears on seismic data to be 
relatively wide conduits with width of hundreds of metres was suggested 
to represent amalgamated vent structure of highly fractured rock masses 
(Huuse et al., 2010; Manton et al., 2022). This would suggest that the 
widespread presence of hydrothermal vents and smaller scale fluid pipes 
in both atolls would reflect the presence of highly fractured rock masses 
across the atolls. This fracturing would enhance the fluid flux across the 
atolls and so the dolomitisation reactivity as observed in (a) the reactive 
transport modelling results showing that the presence of a permeable 
platform margin fault zone enhances dolomitisation on the upper slope 
and margin, and to a lesser but significant extent, across platform inte
rior (Frazer et al., 2023) and (b) field-studies (e.g. Hammam Faraun 
stratabound dolostone bodies, Gulf of Suez; Hirani et al., 2018). 

Thirdly, our study suggests that the underlying volcanic basement is 
likely the source for Fe-enriched dolostones at ~1620-1540 mbsf. Fe 
solubility in seawater from basaltic rocks depends on pH, oxygen, redox 
potential, temperature, and organic ligands (Hemley et al., 1992; 
Heinrich and Candela, 2014). Mg and Fe are contained in pyroxene and 
olivine minerals whose dissolution rates decrease with increasing pH 
(Gudbrandsson et al., 2011). Neutral pH keeps Fe as insoluble oxy
hydroxides (Stranghoener et al., 2018). Therefore, injection of acidic 
CO2-charged fluids into crystalline basalts would favour metals mobility 
(e.g. Mg and Fe; Caruso et al., 2021). During magmatism, highly acidic 
magmatic H2O–CO2–SO2–HCl-rich fluids discharge and mix with 
seawater during upflow (Seewald et al., 2015; Wilckens et al., 2019). 
Even mixing a small volume of magmatic-hydrothermal fluids with 
predominantly normal seawater would lower the fluid’s pH (Breislin 
et al., 2020). This promotes mafic mineral alteration in basalts, leaching 
metals like Mg and Fe (Gamo et al., 1997; Gudbrandsson et al., 2011; 
Caruso et al., 2021), enriching seawater. Considering that, the temporal 
overlap between dolomitisation age, basaltic basement ages, and the 
negative δ34SCAS shift at Site 866 and the presence of Fe-rich dolomites 
just close to the basement (~1620-1540 mbsf) may suggest that 
seawater underwent slight modification by slight mixing with 
magmatic-hydrothermal fluids, facilitating leaching metals (Fe and Mg) 
from the basement. This slight modification of seawater by mixing with 
magmatic-hydrothermal fluids would promote dolomitisation at both 
atolls because (a) localised seawater acidification was proposed to 
promote dolomitisation (Rivers et al., 2021; Rivers, 2023) and (b) 
leaching of Mg from mafic minerals in basalts would locally elevate the 
Mg2+ concentration and Mg:Ca ratio of the dolomitising fluid (Rob
ertson et al., 2019; Breislin et al., 2020; Koeshidayatullah et al., 2020). 
These, coupled with higher water temperature (e.g. Benjakul et al., 2020 
and pCO2 e.g. Sibley, 1990) would counteract three significant kinetic 
inhibitors: cold seawater and the low Cretaceous seawater Mg2+ con
centration and Mg:Ca ratio. 

Basalts in Resolution Guyot are highly altered (average MgO wt% of 
4.8 and FeO wt% of 1.5; Kurnosov et al., 1995). Appropriate fresh an
alogues for the West Pacific Guyots are the Hawaiian ocean island ba
salts (Kurnosov et al., 2007) which have average MgO wt% of 12.3 and 
FeO wt% of 11.9 (Dasgupta et al., 2010). This alteration of the basaltic 
rocks of the West Pacific Guyots was attributed to hydrothermal pro
cesses and subaerial weathering (Kurnosov et al., 1995, 2007) . In 
Allison Guyot, although the basaltic basement was not drilled, intensive 
hydrothermal alteration is observed in magmatic sills with an average 
MgO wt% of 5.5 and an average FeO wt% of 2.2 ; (Kurnosov et al., 1995, 
2007). The porous nature of the basement, characterised by vesicular 
and fractured lavas (Sager et al., 1993a), supports the potential of cir
culation of slightly modified seawater. 

5.2.1. Controls on dolomitisation distribution 
Our integrated approach of delineating the distribution of dolomi

tised intervals at Resolution Guyot (Fig. 10) appears to reflect that their 
distribution seems to be controlled on both local and large scales. On 
large scale, during the dolomitisation period(s) at Resolution Guyot, our 
burial history calculations reflect that at least ~220–720 m of limestone 
above the dolomitised succession did not undergo dolomitisation 
(Supplemental Material S3). This raises a question about why the 
overlying succession wasn’t dolomitised, especially that geothermal 
convection dolomitisation operates across the entire thickness during 
the dolomitisation period, as observed in field (e.g. Aharon et al., 1987; 
Vahrenkamp and Swart, 1994) and reactive transport modelling (e.g. 
Whitaker and Xiao, 2010; Frazer et al., 2023) studies. Two potential 
explanations arise for this distribution. The first possibility is that the 
dolomites at Resolution Guyot might exhibit mushroom-shaped struc
tures as in (a) the Latemar Platform (Wilson et al., 1990) and (b) the 
modelling results of dolomitisation by geothermal circulation of brines 
(Pal et al., 2015) or it might be controlled by igneous intrusions, their 
associated brecciated contacts, and fractures (Jacquemyn et al., 2014). 
However, the absence of additional drilling sites across the platform 
prevents the verification of this hypothesis. The second possibility is that 
there could be an aquitard which might have impeded fluid flow above 
this level and focused the fluid flow within the dolomitised part. This 
hypothesis appears more plausible considering the correlation we 
observe between the termination of dolomitisation (~1100-1010 mbsf) 
and the identified dispersed volcanic ash-rich intervals (Fig. 14). Vol
canic ashes and their altered clays can occlude pore spaces, creating a 
baffle, as seen in the diagenetic fronts in the Tengiz Field (Kenter et al., 
2006; Dickson and Kenter, 2014). 

At a local scale, dolomitisation is seen within a ~570-600 m section 
of dolomitic limestone and dolostone, occurring at specific levels rather 
than uniformly throughout (Figs. 3 and 10; Supplemental Sheet T8). In 
general, preferential dolomitisation is often controlled by permeability 
pathways: (a) certain intervals with higher permeability that focus fluid 
movement (e.g. karstified or fractured intervals; Li et al., 2023a; Hirani 
et al., 2018), or (b) variations in the mineralogy and texture of sediment 
types (e.g. Saller et al., 2001; Whitaker and Xiao, 2010). Our examina
tion of dolomite distribution with the sedimentary facies template at Site 
866 (Arnaud et al., 1995) shows no correlation which suggests that 
textural or facies controls are less likely. Dolomites are found across 
various lithofacies, from wacke- and pack-stone to grain- and rud-stone 
(Fig. 10), and the same in the non-dolomitised sections. Additionally, 
measurements of porosity reveal no link between tight zones and 
non-dolomitised sequences. The non-dolomitised sections between 
dolomitised intervals at Resolution Guyot exhibit a wide range of 
interparticle porosities (4.5–27.25%; mean: 18.7%; Kenter and Ivanov, 
1995). Permeability can be derived from Interparticle porosity in non
vuggy carbonate rocks based on Lucia’s (1995) equations. By using the 
three different equations of Lucia’s (1995) for the different rock classes, 
the non-dolomitised grainstone-dominated intervals have estimated 
permeability of 1.2 − 68 × 103 md (median: 7.2× 103 md; average: 
16.5× 103 md), non-dolomitised packstone-dominated intervals have 
estimated permeability of 5 × 10−3 − 3.9 × 102 md (median: 1.7×

102 md; average: 1.8× 102 md), and wacke- and mud-stone dominated 
intervals have estimated permeability of ≤ 1 md (Supplemental Sheet 
T14). Results from reactive transport modelling by Whitaker and Xiao 
(2010) on early-burial geothermal convection dolomitisation indicate 
that permeabilities ranging from tens to tens of thousands of millidarcies 
are sufficient for convective fluid flow and suitable for geothermal 
convection dolomitisation. Accordingly, the non-dolomitised pack- and 
grain-stone-dominated intervals at Resolution Guyot possess perme
ability ranges suitable for this process, as opposed to the wacke- and 
mud-stone dominated intervals. However, despite adequate perme
ability, these intervals remain non-dolomitised. Therefore, the control 
through fractures becomes the most probable scenario. Our earlier 
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discussions suggested the formation of hydrothermal vents through 
hydraulic fracturing. Consequently, the distribution and density of 
fracture networks around and away from vents may have governed fluid 
movement, creating pathways for fluid flow and leading to the observed 
dolomitised bodies at specific levels in Resolution Guyot. 

5.3. Implications on island dolomitisation and normal marine 
dolomitisation by the Cretaceous calcitic seawater 

The findings of this study exhibit both differences and similarities 
with dolomitisation models for Cenozoic island dolostones. Most studies 
on Cenozoic island dolostones propose dolomitisation by normal 
seawater (e.g. Budd, 1997; Warren, 2000; Ren and Jones, 2018). How
ever, Machel, 2000b introduced an alternative concept for Cenozoic 
island dolomitisation involving plate tectonics-induced convection of 
seawater that was enriched by magmatic-hydrothermal solutions. Our 
proposed model overlaps with Machel, 2000b. However, in contrast to 
the Neogene, Cretaceous normal seawater appears insufficient for syn
depositional and early-burial near-surface island dolomitisation. Several 
factors may have hindered unmodified early-burial near-surface 
seawater dolomitisation during the Cretaceous compared to Late 
Cenozoic (e.g. dolomite saturation levels, Mg-budget, and Mg:Ca of 
dolomitising fluids; Arvidson and Mackenzie, 1997, 1999; Kaczmarek 
and Sibley, 2011; Al-Disi et al., 2019). Our proposed model may have 
overcome these primary kinetic barriers only through the previously 
discussed contributions from magmatism. Therefore, magmatism ap
pears essential for extensive island dolomitisation by Cretaceous normal 
salinity seawater, rather than serving as an alternative as in Late 
Cenozoic islands (Machel, 2000b). 

Cold deep seawater below calcite saturation depth (>1000 m;Flood 
and Chivas, 1995; James and Choquette, 1983; Saller, 1986) may not 
solely explain deep-seated island dolomites in various locations. We 
conducted an analysis using two main factors: (a) the current depths of 
Cretaceous islands and atolls (Wodejebato, Ita-Mai-Tai, Horizon, MIT, 
Allison, and Resolution), and (b) the age of the oldest pelagic cap on 
each atoll, to roughly estimate how long these drowned atolls stayed 
below 1000 mbsl. This calculation considered that pelagic caps accu
mulate at depths >200 mbsl (James and Jones, 2015) and assumed that 
the subsidence rates were constant. The analysis suggests that these 
islands were exposed to deep marine water below 1000 m for a pro
longed period, ~20–56 Ma (Heezen et al., 1973; Winterer et al., 1973; 
Larson et al., 1995; Pearson, 1995; detailed calculations are available in 
Supplemental Sheet T13). However, dolomites were only seen to be 
associated with magmatic emplacements (e.g. Resolution and Allison 
guyots). Notably, deep Cenozoic samples from Hawaii (Saller and 
Winterbottom, 2022) and the Cenozoic Limalok atoll lacked dolomites 
(Ogg et al., 1995). Our study implies that magmatically driven hydro
thermal dolomitisation through sill emplacement explains the depth of 
deep-seated dolomites in Resolution and potentially Allison guyots. This 
mechanism might also elucidate deep-seated dolomites in other atolls 
and islands during the Cretaceous and other periods with significant 
magmatism. For instance, in Xisha Islands, Miocene-Pliocene magma
tism(s) were proposed to influence dolomitisation and dolomite trans
formation (Wei et al., 2006, 2008; Wang et al., 2018a; Li et al., 2023b; 
Liu et al., 2023) while other studies suggest normal to near-normal 
seawater dolomitisation without a significant impact from 
Miocene-Pliocene magmatism(s) (e.g. Bi et al., 2018; Wang et al., 2018b, 
2022; Li et al., 2023a). 

Our findings and the absence of early dolomites in other Cretaceous 
islands indicate that Cretaceous normal seawater alone might not suffice 
for widespread syndepositional and early-burial near-surface massive 
dolomitisation on various carbonate platforms. The Phanerozoic early 
near-surface dolomites dataset (Manche and Kaczmarek, 2021) shows 
that ≥70% of Cretaceous dolomites were formed in restricted deposi
tional settings with elevated evaporation, temperature, and Mg:Ca. In 
contrast, Neogene dolomites are mainly associated with open-marine 

settings, indicative of normal seawater dolomitisation. This is reflected 
in our dataset where only few Cretaceous large isolated carbonate 
platforms were dolomitised by evaporated seawater (Malta, Adriatic, 
Apenninic, and Apulian platforms; Gatt, 2012; Read et al., 2016; Vinci 
et al., 2017; Torrieri et al., 2021; Supplemental Sheet T2). Hence, 
modification of Cretaceous seawater appears necessary. Some 
geochemical and petrographic characteristics of dolomites in our study 
and other examples of large-scale Cretaceous platform dolomitisation (e. 
g. mesohaline reflux dolomitisation of Zebbag Formation, Newport 
et al., 2017) highlight the need for cautious interpretation as they might 
overlap with near-surface early-burial and syndepositional normal (i.e. 
unmodified) seawater dolomites. Similarly, geochemistry and petrog
raphy of Derbyshire Platform’s dolomites would reflect predominantly 
seawater origin with low dolomitisation temperature (<50 ◦C), while 
the new findings suggest influence of high volcanism heat and mixing 
with magmatic fluids (Breislin et al., 2020; Frazer et al., 2023). There
fore, comprehensive interpretation should consider additional factors 
like dolomite geometry, geological settings, and timing of dolomitisa
tion (e.g. Budd, 1997). 

6. Conclusion 

This study provides insights into the formation of two rare examples 
of shallow-burial seawater-like Cretaceous island dolomitisation. Inte
grating geochemical observations, burial and thermal modelling of the 
limestone host rock, and core-log-seismic data indicates a magmatically 
driven hydrothermal dolomitisation origin. The magmatic emplacement 
facilitated dolomitisation by maintaining a high heat flow which would 
substantially increase the flux of circulating seawater and overcome the 
very limited dolomitisation potential and rate of Cretaceous seawater. 
The presence of Fe-rich dolomites suggests slight modification of the 
dolomitising seawater by mixing with the released H2O–CO2–SO2–HCl- 
rich magmatic-hydrothermal fluids during upward flow. Acidic condi
tions might have facilitated leaching of metals (Mg and Fe) from basaltic 
basement and sills, resulting in enrichment of circulating dolomitising 
seawater. Our model might have overcome significant kinetic barriers 
such as low ambient temperature and Mg:Ca of seawater through 
magmatically associated vigorous heat flux and slight modification of 
seawater. Therefore, magmatically active Cretaceous islands had greater 
potentiality for seawater dolomitisation than passive counterparts. This 
mechanism may have broader applicability to other “island dolostones”, 
particularly in explaining deep-seated post-depositional dolomites (e.g. 
Xisha Islands). It presents an alternative explanation to the interpreta
tion of deep-seated dolomites, which is often attributed to dolomitisa
tion by deep marine waters below calcite saturation depth. The absence 
of near-surface early-burial and syndepositional massive dolostones 
formed by unmodified seawater in any of the other Cretaceous islands 
and atolls implies reduced effectiveness of syndepositional and near- 
surface early-burial massive dolomitisation by Cretaceous normal (i.e. 
unmodified) seawater, questioning some of the previous interpretations. 
Therefore, we recommend that caution should be exercised in inter
preting these dolomites as they may share certain characteristics with 
syndepositional and early-burial near-surface seawater dolomites, 
making it necessary to consider additional aspects (dolomite geometry, 
geological settings, and timing of dolomitisation). 
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