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Abstract The measured carbon isotopic compositions of carbonate sediments (5'C,,,,,) on modern
platforms are commonly '*C-enriched compared to predicted values for minerals forming in isotopic
equilibrium with the dissolved inorganic carbon (DIC) of modern seawater. This offset undermines the
assumption that 8'C,,,, values of analogous facies in the rock record are an accurate archive of information
about Earth's global carbon cycle. We present a new data set of the diurnal variation in carbonate chemistry and
seawater 8'°Cpyc values on a modern carbonate platform. These data demonstrate that §'°C.,,, values on
modern platforms are broadly representative of seawater, but only after accounting for the recent decrease in the
8'2C value of atmospheric CO, and shallow seawater DIC due to anthropogenic carbon release, a phenomenon
commonly referred to as the '>C Suess effect. These findings highlight an important, yet overlooked, aspect of
some modern carbonate systems, which must inform their use as ancient analogs.

Plain Language Summary Carbon isotope values of carbonate minerals (8'*C,,,) are an important
archive of information about Earth's carbon cycle in the geological past. To interpret this archive, we must
understand how to identify carbonate rocks in which preserved 8'*C_,,,, values are representative of global
trends. This effort has long been challenged by a puzzling observation in modern shallow water carbonate-
producing environments like the Bahamas: 5'C,,,, values of some sediments in these settings are higher than
we predict they should be relative to 8'>C values of seawater. These unexpectedly high 613Ccarb values
potentially suggest that 5'* C..rp Values in carbonate rocks deposited in similar environments reflect local, rather
than global processes, questioning the application of this important and long-used tool. We measured hourly
changes in seawater chemistry on a shallow marine carbonate platform and observed evidence of two key
effects: (a) daily variation in 8'>C values driven by photosynthesis, and (b) the recent change in the 8'>C value
of atmospheric CO, and shallow seawater due to anthropogenic carbon release (the '*C Suess effect). Our data
show that 8'C_,;,
account for the '*C Suess effect.

values of shallow marine carbonates are broadly representative of seawater, but only if we

1. Introduction

Carbon isotopic compositions of carbonate rocks (8'>C,.,;,) are a primary tool used to reconstruct global carbon
cycle changes and establish temporal relationships between spatially distant sedimentary records in the geological
past (Knoll et al., 1986; Kump & Arthur, 1999; Zachos et al., 2001). Modern carbonate platform sediments—and
their carbon isotopes—are commonly used as analogs for interpreting the carbonate rock record and the Earth's
carbon cycle in deep time (Oehlert & Swart, 2014; Purkis et al., 2012, 2015; Swart & Eberli, 2005; Swart
et al., 2009). The assumption that the 8'>C_,,,, values of ancient sediments faithfully record the carbon isotope
compositions of dissolved inorganic carbon (DIC) in ancient seawater (8'*Cp;c) is foundational to many studies
of Earth's carbon cycle in deep time.

However, this premise is complicated by studies of modern carbonate platform sediments highlighting variability
in the 8'°C_,,,, record of recent sediments unrelated to global carbon perturbations. These include previously
unrecognized diagenetic effects (Ahm et al., 2018; Higgins et al., 2018; Smith & Swart, 2022; Swart, 2015; Swart
& Oehlert, 2018) and facies-driven controls on 8'°C,,, values (Geyman & Maloof, 2021; Ingalls et al., 2020).
Such observations challenge classic paradigms of interpreting the geological record, throwing into question the
meaning of more than 3 billion years of §' C..rp records and the relevance of a tool extensively used for the better
part of a century to track change in the geobiosphere. In particular, it may be difficult to reconcile this
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foundational assumption with the long-standing observation that, in modern shallow marine carbonate platform
sediments across the Lucayan Archipelago, 8'°C.,, values are higher than predicted if their composition were
determined by precipitation in isotopic equilibrium with modern seawater 613CDIC values.

A recently proposed explanation is that this offset between observed and predicted 613Cwb values results from a
phenomenon termed the “diurnal engine” (Geyman & Maloof, 2019). The diurnal engine model suggests that
cumulative 8'*C,,,, values for precipitated minerals that are higher than expected for minerals precipitated in
equilibrium with mean DIC are caused by diurnal variations in water chemistry. During the daytime,
photosynthesis-dominated carbon cycling drives increases in 613CDIC values and the carbonate mineral saturation
state (€2), resulting in more rapid carbonate precipitation. At nighttime, heterotrophy-dominated carbon cycling
dominates, driving decreases in 8'*Cpy;c and  values. The magnitude of this predicted 8'°C,,,, offset is 4~7%o in
highly productive settings like zooxanthellate coral reefs (Geyman & Maloof, 2019).

An alternative explanation for the observed, higher-than-predicted offset between the §'°C,,,, values of modern
carbonate platform sediments and modern DIC is that modern DIC is not the proper reference frame for time-
averaged carbonate sediments. Modern seawater DIC is affected by the input of isotopically light carbon to
the atmosphere from anthropogenic fossil fuel emissions (Eide et al., 2017) and thus 613CDIC values have been
decreasing over the course of the industrial revolution, a process first recognized for '*C (Suess, 1955) and later
extended to also include a '*C Suess effect, as defined by Keeling (1979). “Modern” platform-top sediments are
typically defined as the material at the modern sediment-water interface, even though this material can commonly
include carbonate precipitated over hundreds to a few thousands of years (Beaupré et al., 2015; Duguid
et al., 2010). This mismatch in timescales means that 8'°C_,,, values might partially or entirely reflect pre-
industrial DIC with a higher pre-industrial 8'*Cp;c value. For example, radiocarbon data from ooids repre-
senting locations across the Lucayan Archipelago demonstrate that the majority of the carbonate in these ooids is
pre-industrial in age and therefore should not be compared with 8'*Cp;c values of modern seawater. Thus, the
observed, higher-than-predicted offset could be, in whole or in part, the results of a previously overlooked
phenomenon.

The "*C Suess effect could also provide a new explanation for puzzling patterns in the 8'C,,, values of ooid
sediment across the Lucayan Archipelago: using sequential dissolution to compare &'*C values in outer versus
inner cortices in ooid sands, Duguid et al. (2010) observed that the outermost cortices (the youngest part of the
ooid, represented by the first 10% of dissolution) had the lowest §'°C,.,,,, values, while the inner parts of the cortex
(>10% of dissolution) had higher 8'*C,,,, values than expected for aragonite precipitating in isotopic equilibrium
with modern seawater. They hypothesized that cements filling endolithic microborings might have elevated
8'%C.,, values due to photosynthesis (i.e., the diurnal engine effect). However, their analyses did not directly
show that cements filling microborings have distinct 8'>C,,;, values relative to the adjacent cortex, nor did they
demonstrate that such cements are volumetrically significant enough to have such a significant effect on bulk
613Ccarb values. We hypothesize that the '*C Suess effect could explain this pattern.

We designed a study to constrain the roles of diurnal carbon cycling and the '*C Suess effect for the Caicos
Platform, a grainy, wave-dominated carbonate platform in the Turks and Caicos Islands at the southeastern end of
the Lucayan Archipelago (Figure 1). Reefs primarily occur along the margins of the Caicos Platform (Logan &
Sealey, 2013). The wave-swept interior is dominated instead by aragonite sand with sparse green algae (primarily
Penicillus and Halimeda) and isolated patch reefs (Dravis & Wanless, 2017). One might intuitively expect this
environment to have a lower photosynthetic forcing (x,,) than reef-dominated environments. Ooid sand from the
active shoal on the Caicos Platform has bulk 8'*C_,,,, values of 4.69—4.78%o (Trower et al., 2018). This 8'°C,,.,
value is ca. 1.5%o¢ heavier than predicted for aragonite precipitated in equilibrium with modern DIC on the
platform. In contrast, the outermost cortices of Ambergris shoal ooids have 8'°C_,,, values ranging from 3 to 4%o
(Duguid et al., 2010), which overlap with predicted 5'*C,,, values, but could still incorporate a modest diurnal
engine effect. Modern Caicos Platform water has 513CD1C = 0.8%o (Present et al., 2021; Trower et al., 2018),
which falls within the range of modern '*C-Suess-effect-impacted seawater &'>Cpy; values (Eide et al., 2017);
and the carbon isotope fractionation associated with aragonite precipitation at ca. 25°C is 2.7 £ 0.6%0 (Romanek
et al., 1992). To quantify the effect of diurnal carbon cycling on the carbonate chemistry and 613CDIC values of
Caicos Platform seawater, we collected a time series of water samples a platform site adjacent to the shore of
Little Ambergris Cay and consistent with the “algae-stabilized subtidal” environment described by Trower
et al. (2018).
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Figure 1. Location maps of sampling site. (a) Satellite image of the Lucayan Archipelago, with panel (b) inset shown in white box. (b) Satellite image of the Turks and
Caicos Islands, with panel (c) inset shown in white box. (c) Satellite image of Little Ambergris Cay from 27 July 2023, with sample site shown with black circle. Satellite
imagery from Google Earth (panels a and b) and Planet (panel c).

2. Materials and Methods

We collected platform water samples at 1-hr intervals over a duration of 24 hr. Although the platform water
sampling site was located relatively close to Little Ambergris Cay for logistical reasons, the site location was
chosen to minimize the influence from the adjacent tidal channel. It is also unlikely that this location is influenced
by meteoric water because the range of mean precipitation-evaporation is 0 to —6 mm/day, with the majority of
the <1 m/yr rainfall occurring during the peak of hurricane season (September—October) (Jury, 2013). We
collected platform samples hourly from 09:21 on 28 July 2023 to 08:21 on 29 July 2023. Civil dusk (3.4 lux)
occurred at 19:53 on 28 July 2023, and civil dawn (3.4 lux) occurred at 05:52 on 29 July 2023 (Figure S1 in
Supporting Information S1). Fieldwork and sample collection was carried out under Scientific Research Permit
2023-05-23-25 from the Department of Environmental and Coastal Resources (DECR) of the Turks and Caicos
Islands.

For each timepoint, we measured pH and temperature in situ, and collected three samples of water filtered with a
0.22 pm syringe filter: (a) 1.5 mL for characterization of major ion concentrations in a microcentrifuge tube; (b)
1 mL for characterization of §'*Cpyc in an Exetainer that was evacuated, flushed with He, and acidified; and (c)
50 mL for alkalinity titration in a 50 mL centrifuge tube sealed immediately with Parafilm. To compare water
chemistry data with light levels, we deployed a HOBO Pendant MX Temperature/Light Data Logger for the
duration of the experiment (Figure S1 in Supporting Information S1). We placed the light meter in a separate but
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nearby location so light data would not be contaminated by contributions from headlamp light during nighttime
sampling points.

Major ion concentration samples were sent to the Laboratory for Isotopes and Metals in the Environment (LIME)
facility at Pennsylvania State University for analysis. Concentrations of major cations (Ca, K, Mg, Na) were
measured via a Thermo iCAP 7,400 Inductively Coupled Plasma Emission Mass Spectrometer (ICP-AES). Major
anion (Cl, SO,) concentrations were measured via a Dionex ICS 2,100 Ion Chromatography (IC) System.
Synthetic standards from High Purity Standards were used to calibrate ICP-AES and IC results. DIC samples
were analyzed via a Thermo Delta V continuous-flow stable isotope ratio mass spectrometer attached to a gas
bench device in the University of Colorado (CU) Boulder Earth Systems Stable Isotope (CUBES-SIL) Core
Facility. A suite of carbonate standards (IAEA-603, USGS-44, YULE, and NBS-18) in Exetainer vials were
flushed with helium for 10 min before adding 1 mL of boiled water and 0.2 mL of boiled 85% phosphoric acid.
Sample 5'>C values were corrected for a linearity then scaled using a four-point scale correction. Alkalinity was
measured by titration with a ThermoFisher Orion Star T910 autotitrator using 0.1 M HCI. Samples from time-
points at 21:17, 23:24, and 00:20 were excluded from our analysis because of anomalies with pH and/or alkalinity
measurements.

We calculated Q. values using both CO2SYS (Sharp et al., 2023) and PHREEQC (Parkhurst & Appelo, 2013).
The absolute values of aragonite saturation state (€2,) estimates varied somewhat between CO2SYS and
PHREEQC, but the magnitudes of change and directions of change were the same (Data Set S1). CO2SYS values
are shown in data figures so that they are directly comparable to diurnal engine model curves because the diurnal
engine model uses CO2SYS to calculate carbonate speciation for each timestep. Calculated Q, . values were used
to estimate cumulative 8'°C_,,,, values. We compared results for the empirical rate constant based on field data
(Geyman & Maloof, 2019) with an empirical rate constant based on experiments (Burton & Walter, 1987) (Figure
S2 in Supporting Information S1).

3. Results

During our sampling interval, we observed the following ranges of carbonate chemistry parameters in Caicos
Platform water: pH ranged from 7.97 to 8.18 (mean 8.09); alkalinity ranged from 2.36 to 2.41 mequiv/kg (mean
2.38 mequiv/kg) [DIC] ranged from 1.97 to 2.12 mmol/kg (mean 2.04 mmol/kg); pCO, ranged from 270 to
497 patm (mean 360 patm); and Q. ranged from 3.4 to 4.9 (mean 4.2) (Figure 2, Figure S3 in Supporting In-
formation S1, Data Set S1). The average platform water temperature (26.8°C, Data Set S1) is consistent with sea
surface temperatures on Caicos Platform, which vary between 26 and 28°C (Jury, 2013). 8'*Cp,- values ranged
from 0.30 to 1.21%¢ (mean 0.70%¢) (Figure 2, Data Set S1). Ranges of pH, alkalinity [DIC], pCO,, Q,,, and
8'?Cpyc values were consistent with analogous observations of Caicos Platform water from sites adjacent to Little
Ambergris Cay in 2017 during typical daytime fieldwork hours (ca. 10:00-16:00) (Trower et al., 2018) (Figure 2).
Our observations show coherent shifts in terms of decreasing [DIC] and pCO,, and increasing pH, Q,,, and
8"°Cpyyc valuesfrom 07:21-18:24 (light level ca. 20,000 lux) (Figure 2). In contrast, variations in alkalinity were
small in magnitude and appeared more related to tides than changing light levels (Figure 2b). To assess whether
our data could be described by the diurnal engine model, we estimated a «,, value of 139 pmol/kg following the
method described in Geyman and Maloof (2019) and applied this value to the diurnal engine model (Figure S4 in
Supporting Information S1). We used a simple sinusoid curve to describe the shape of photosynthetic forcing
because we considered this a better test than fitting the forcing curve to our data, which is influenced by both
diurnal and tidal changes (Figure S4 in Supporting Information S1). Diurnal variations in our Caicos Platform
seawater data are consistent with the premise that short-term variations in 8'*Cpyc values are controlled by
photosynthesis (Figure 2).

We used calculated platform €, values to estimate carbonate precipitation rates across the diurnal cycle, from
which we calculated cumulative 8'*C,,,, values (weighted by the relative precipitation rate at each time point).
This calculation suggested a cumulative 8'°C,,,, value (3.46%o) that is slightly higher, but within the range of
typical uncertainty of 8'>C_,,, analyses (~0.1%o), relative to the 8'*C_,,,, value that would be predicted from the
mean 613CDIC value (3.40%¢) (Figure S2 in Supporting Information S1). This predicted 613Cmb value is
significantly lower than bulk 8'C,,,, values of modern ooid shoal sediment (Trower et al., 2018), but is similar to
613Ccarb values reported from the exterior cortices of Ambergris shoal ooids, which precipitated in the past

60 years (Duguid et al., 2010).
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Figure 2. Variation in carbonate chemistry of platform water samples across a diurnal cycle on Caicos Platform.

(a) [dissolved inorganic carbon], (b) total alkalinity (TA), (c) pH, (d) pCO,, (e) L., and (f) 613CDIC. Teal circles show
measured values. Dashed gray horizontal lines show means for each data type in our data set, which is compared with means
for each data type of Caicos Platform water previously (Trower et al., 2018) (dashed black line; samples from 2017). Dashed
teal curves show diurnal engine model of the platform forced with k, estimate from our data. Vertical pink dashed lines
indicate timing of civil dawn and dusk; vertical gray dash-dot lines indicate timing of high tide; vertical gray dashed lines
indicate timing of low tide (only shown in panel b).

4. Discussion

Could the mismatch between the 8'°C,.,;, value predicted based on our field observations and bulk ooid §'*C

values reflect that our data set is not representative of the full range of diurnal variability? For example, could

carb

seasonal differences in carbonate chemistry and productivity explain a relatively small diurnal variation observed
during our sampling interval? Although there is no seasonal seawater carbonate chemistry data set for the Caicos
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Platform, the Yucatan Peninsula can serve as a useful comparison as it is a relatively nearby carbonate platform
with data. On the Yucatan Peninsula, Q,varies by <0.2, and [DIC] and alkalinity both vary by <0.02 mmol/kg
(highest in the summer) (Gomez et al., 2020). Thus, we expect that any seasonal variations in seawater carbonate
chemistry are likely to be much smaller in magnitude than our observed daily patterns. Comparison of diurnal
versus seasonal patterns in seawater carbonate chemistry from Heron Island (a coral cay in the southern Great
Barrier Reef) reveals that the magnitudes of shifts across the diurnal cycle stay relatively constant even as the
values of mean pH [DIC], and alkalinity vary seasonally (Kline et al., 2015).

Could transiently higher productivity, temperature, or salinity on rare extreme days explain the discrepancy in
predicted versus observed 8'* C arp, Values? Although there can be seasonal variations in productivity of Halimeda
and Penicillus, both taxa are most productive in summer (Payri, 1988; Wefer, 1980). Our sampling interval was in
the summer (July), suggesting that our data set should reflect high productivity conditions for the Caicos Platform.
Model sensitivity tests demonstrate that the photosynthetic forcing would need to be 4 times stronger (k,, = 550
600 pmol/kg, the maximum values observed in modern coral reefs) than observed during our sampling interval
for the predicted 813Cmb value to match the observations (Figure S5 in Supporting Information S1). We observed
a maximum platform water temperature of 31.7°C (Data Set S1); temperatures above 34-35°C strongly inhibit
productivity of many tropical marine algae (Koch et al., 2013; Prathep et al., 2018; Wei et al., 2020), suggesting
that warmer temperatures are implausible drivers of higher productivity. An additional set of model sensitivity
tests show that, although warmer temperature could increase cumulative precipitation rate due to the temperature
sensitivity of aragonite precipitation kinetics, this temperature effect would not result in a substantially different
predicted 512 Cea, value (Figure S6 in Supporting Information S1). Finally, although periods of enhanced
evaporation could transiently increase €, values, results of an evaporative modeling sensitivity test demonstrate
that the magnitudes of diurnal variations in cumulative 8'C,,,, values would be smaller at higher salinities for a
given k,, value (Figures S7 and S8 in Supporting Information S1). Even if we consider the cumulative effects of
diurnal variations over longer timescales, where a few warmer, more productive days might occur, the diurnal
engine model still cannot explain the difference between predicted versus observed SISCCM values. For example,
a single hot (35°C, the maximum before marine algal productivity is inhibited), extremely high productivity day
(x, = 600 pmol/kg) during a month of “typical” summer days (e.g., what we observed during our sampling
period) would increase the cumulative 5'>C,,,, value by <0.3%o relative to a month of only typical days (Figure
S9 in Supporting Information S1). The effect of a rare hot and extremely productive day on the cumulative
613C0m.b value is also increasingly diluted by subsequent typical summer days (Figure S9 in Supporting Infor-
mation S1), so these rare days are only important if they are frequent (and, therefore, not rare). Thus, we conclude
that our sample suite represents typical conditions on the Caicos Platform, and that daily or seasonal variations are
an unlikely explanation for the significant mismatch between predicted and observed bulk 8'*C_,,, values.

We assessed whether the '>C Suess effect, in combination with the diurnal engine effect, might explain the offset
between the §'°C_,,,, value predicted by measured 8'>Cpy, values and the observed bulk and inner cortex 8'°C_,,
value of Ambergris shoal ooids. Although the magnitude of the '*C Suess effect has not been constrained spe-
cifically for the Caicos Platform, we consider that a shift of >1%o over the past 200 years is plausible (Figure 3c).
Shallow water sclerosponges from Bahamas and Jamaica document a decrease in 8'°C_,,,, values of ca. 1.1%o
from 1800 to 1995, a fingerprint of the 13C Suess effect (Figure 3a) (Bohm et al., 2002; Lazareth et al., 2000;
Swart et al., 2002). This rate of decrease has increased since 1960 (Figure 3a) (Bohm et al., 2002; Lazareth
et al., 2000; Swart et al., 2002). Data from the Bermuda Atlantic Time-series Study (BATS) illustrate continuing
declines in surface ocean 8'>Cp;e from 1.4%o in 1990 to 0.7%. in 2017 (Figure 3b) (Lueker et al., 1998). We

compared the results for two endmember corrections to model predictions (Figures 3d—3f).

1. 0.8%o, a conservative estimate of the magnitude of the '*C Suess effect for this part of the ocean (Eide
et al., 2017; Swart et al., 2010); and

2. 1.8%o, consistent with the maximum plausible change in &' Cpic values since 1,800 based on sclerosponge
and BATS DIC data (Bohm et al., 2002; Lazareth et al., 2000; Lueker et al., 1998; Swart et al., 2002)
(Figures 3a-3c).

Both scenarios increase the predicted cumulative 8'°C_,,, values (4.26%o for the first scenario, 5.26%o for the
second scenario) (Figure 3f). We therefore interpret that the '>C Suess effect could be responsible for a large
component of the offset between predicted and observed bulk &'>C_,,, values on Caicos Platform. Given that '*C
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Figure 3. Evidence of the Suess effect for the Caicos Platform. (a) 8'C,,,,, data from shallow water sclerosponges from locations in the Bahamas and Jamaica for the
years 1800-2000 (Bohm et al., 2002; Lazareth et al., 2000; Swart et al., 2002); 10-pt moving average indicated by solid red line. (b) Bermuda atlantic time-series study
(BATS) 8"*Cpy- data for the years 1989-2017 (Lueker et al., 1998); 5-pt moving average indicated by solid black line, linear fit indicated by solid orange line.

(c) Visualization of estimated total magnitude of the Suess effect in shallow seawater dissolved inorganic carbon (DIC) for the Caribbean (A”CDIC) in 2023, combining
the moving average from sclerosponge data (solid red line), the linear fit of BATS DIC data (solid orange line), and an extrapolation of the linear fit of the BATS data for
the years 2018-2023 (dashed black line). (d) We used precipitation rates calculated based on observed Q. values (left axis, gray points) to calculate cumulative
precipitation across the diurnal cycle (right axis, orange points). (¢) We compared observed 613CDIC data (black points) with estimates corrected for a minimum and
maximum magnitude of the Suess effect (0.8%o, light blue points, and 1.8%o, dark blue points, respectively). (f) We estimated cumulative 5'3Cmrb using rates from
(d) and different 5'*Cp;. estimates from (e). Note that since rates are normalized relative to total precipitation, the choice of kinetic rate parameters does not strongly
affect the calculation. Arrow to the right of panel (f) illustrates ranges of 613Ccau,h values observed in sequential dissolutions of the cortices of Ambergris shoal ooids,
excluding outliers (flat line: ooid interior, arrow: ooid exterior) (Duguid et al., 2010).

Suess effect is observed in shallow water sclerosponges from the Bahamas, it seems likely that it also contributes
to the gap between &' C.arp Values of bulk ooid sand and modern 813CD1C on the Great Bahama Bank.

This range of plausible magnitudes of the '*C Suess effect for Ambergris shoal provides a novel explanation for
the variation of 8'°C,,,, between inner and outer cortices of Ambergris ooids previously reported by Duguid
et al. (2010) (Figure 3f). We conclude that the outermost cortex 8'*C_,,, values are consistent with carbonate
precipitated in equilibrium with modern DIC, including the diurnal engine effect, which is in agreement with the
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post-bomb radiocarbon ages of the outermost layers of Ambergris ooids requiring that those layers formed in the
past 60 years (Duguid et al., 2010). In contrast, the inner cortex 8'°C_,,, values are consistent with formation prior
to the industrial revolution, in agreement with their pre-industrial radiocarbon ages. Importantly, this new
explanation for 613Ccarb patterns reported by Duguid et al. (2010) is still consistent with their interpretation that
8'80,,, trends were driven by progressive recrystallization of an initial amorphous calcium carbonate (ACC)
phase to aragonite; both isotope systems vary over time but through different mechanisms.

Trower et al. (2018) reported a trend in radiocarbon ages of ooids along the length of Ambergris shoal, implying
that ooids farther west along the shoal have incorporated more young carbon because ooids are actively growing
as they are transported along the shoal. One might therefore expect that bulk ooid 613Ccarb values might decrease
westward along shoal (due to the fingerprint of the '*C Suess effect in the ooids with younger bulk ages), but the
reported 8'°C.,,, values are all within analytical certainty of each other (Trower et al., 2018). However, given
available constraints on net growth rates of these ooids and the timescale of transport westward along the shoal,
the magnitude of likely change in 8'°C,,, values is within the analytical uncertainty (Figure S10 in Supporting
Information S1). This example illustrates why consideration of the '*C Suess effect is critical: depending on the
scale of measurement, it might not be obvious in “modern” sediments due to time-averaging.

Our data demonstrate a more muted diurnal cycle than observed in highly productive coral reef environments
(Albright et al., 2015; Cyronak et al., 2013; Gattuso et al., 1997; Geyman & Maloof, 2019; Jokiel et al., 2014;
McMahon et al., 2013; Nakamura & Nakamori, 2009; Richardson et al., 2017; Shaw et al., 2012, 2015; Suzuki
et al., 1995). We expected that primary productivity in this setting would be less than in a reefal environment: the
Caicos Platform is a wave-swept, grainy platform top with some calcifying algae and only sparse, small patch
reefs. The low photosynthetic forcing for our study site (139 pmol/kg) is consistent with this intuition.

The muted diurnal engine effect on 8'>C,,;, on Caicos Platform is also likely a consequence of the €, values we
observed: €, ranged from 3.2 to 4.6 (mean 4.0) and was always strongly supersaturated (€,. >> 1). This
consistent supersaturation means that carbonate is precipitating throughout the diurnal cycle, albeit at rates that
vary by approximately a factor of 2, and it does not dissolve in seawater overnight. This absence of net dissolution
driven by Q,. < 1 is an important difference in behavior relative to the general framework presented by Geyman
and Maloof (2019) because it decreases the impact of diurnal variation in 8'*Cp;e values on 8'°C_,,,, values.
Furthermore, consistently supersaturated Q. values mean that rare days with a larger diurnal engine effect on
613C0m.b values due to enhanced productivity and/or warmer temperatures are unlikely to substantially influence
cumulative 8'°C,,,, records because cumulative carbonate precipitation rates are not sufficiently different from
typical days (Figure S9 in Supporting Information S1).

Our data not only provide evidence of the diurnal engine effect at play on a carbonate platform even in the absence
of well-developed reef tracts, but also demonstrate that carbonate chemistry data sets from modern coral reefs are
not necessarily representative of grainy platform settings like the Caicos Platform. Applying estimates of
photosynthetic forcing derived from coral reef settings may lead to overestimation of the magnitude of the diurnal
engine effect for a particular environment. At the same time, our data are also not necessarily broadly repre-
sentative of all reef-poor shallow carbonate environments. We suggest that high-temporal-resolution carbonate
chemistry data sets are needed from a wider variety of modern settings to better characterize the diversity of
shallow carbonate environments, particularly to assess whether there are discernible relationships between
photosynthetic communities (i.e., cyanobacteria vs. algae vs. corals) and factories of different carbonate sediment
types (e.g., mud, ooids, skeletal grains). These data could then inform a facies-based approach to understanding in
which ancient carbonate strata the diurnal engine effect is likely to be more significant and in which the effect is
more muted.

Ultimately, assessing the extent and causes of modern &' Carp, Variability apparently unrelated to global carbon
cycle perturbation is a key step in validating or falsifying long-standing interpretations of Earth's 8'*C_,,, records.
These records span billions of years and have been used as archives of information about Earth's oxygenation,
carbon cycle perturbations, and key events in the history of Earth and life. Our data suggest that some of the
apparent inconsistency between 8'C,,;, and 8'>Cp;e values on modern carbonate platforms stems from time-
averaging of 8'3C values across the recent, rapid carbon cycle perturbation induced by the industrial revolu-
tion. Modern carbonate sediments are key analogs for the ancient carbonate rock record, but contextualizing their
anactualistic aspects is critical for appropriate and accurate applications of these analogies to deep time.
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