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Abstract

Over the past century, geologists have used various proxy resources to help explain the mechanisms responsible for dolomitization. Recently,
laboratory experiments examining the fundamental controls on dolomite stoichiometry and cation ordering suggest that these mineralogical
parameters may provide useful diagenetic information about the conditions of dolomitization. To test the applicability of these parameters to
natural systems, this study presents a newly compiled global dataset of stoichiometry and cation ordering from over 1,200 dolomite samples
from various geographic locations, geologic ages, and depositional and diagenetic environments. A number of relationships are examined,
including the degree to which cation ordering and stoichiometry vary spatially and temporally, as well as the local and global geologic factors
controlling the observed trends. The principal findings of this study are that: (i) dolomites formed in evaporitic settings are generally more
stoichiometric than those formed in normal marine settings; (ii) dolomites associated with higher formation temperatures are generally more
stoichiometric and well-ordered than their lower temperature counterparts; (iii) stoichiometry and cation ordering, though not co-dependent,
may covary under certain dolomitization conditions; (iv) stoichiometric variations in stratigraphically related dolomites reflect dolomitization
by evolving fluids. Taken together, these observations are inconsistent with the hypothesis that older dolomites are more stoichiometric because
they have undergone a higher degree of recrystallization. Rather than reflecting global scale conditions, the data suggest that dolomite
stoichiometry and cation ordering are controlled by local dolomitizing conditions, and thus make valuable proxies for understanding the
conditions and fluids responsible for dolomitization.
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Evaluating the Relationship between Stoichiometry
and Cation Ordering in Ancient Dolomites

Abstract

Over the past century, geologists have used various proxy resources to
help explain the mechanisms responsible for dolomitization. Recently,
laboratory experiments examining the fundamental controls on dolomite
stoichiometry and cation ordering suggest that these mineralogical
parameters may provide useful diagenetic information about the
conditions of dolomitization. To test the applicability of these parameters
to natural systems, this study presents a newly compiled global
dataset of stoichiometry and cation ordering from over 1,200
dolomite samples from various geographic locations, geologic ages, and
depositional and diagenetic environments. A number of relationships are
examined, including the degree to which cation ordering and
stoichiometry vary spatially and temporally, as well as the local and
global geologic factors controlling the observed trends. The principal
findings of this study are that: (i) dolomites formed in evaporitic settings
are generally more stoichiometric than those formed in normal marine
settings; (ii) dolomites associated with higher formation temperatures
are generally more stoichiometric and well-ordered than their lower
temperature counterparts; (iii) stoichiometry and cation ordering, though
not co-dependent, may covary under certain dolomitization conditions;
(iv) stoichiometric variations in stratigraphically related dolomites reflect
dolomitization by evolving fluids. Taken together, these observations are
inconsistent with the hypothesis that older dolomites are more
stoichiometric because they've undergone a higher degree of
recrystallization. Rather than reflecting global scale conditions, the data
suggest that dolomite stoichiometry and cation ordering are controlled
by local dolomitizing conditions, and thus make valuable proxies for
understanding the conditions and fluids responsible for dolomitization.

Problem, Objective & Hypothesis

Problems:

. Few spatial and/or temporal databases containing dolomite
stoichiometry and cation ordering exist.

. It has been nearly 40 years since the last major study of dolomite
stoichiometry (Lumsden and Chimahusky, 1980) with no major studies
focusing specifically on cation ordering.

. Numerous studies of ancient dolomites have reported dolomite
stoichiometry and cation ordering. However, no comprehensive study
has examined how these mineralogical parameters are related as well
as how they vary based on age, depositional setting, physiographic
setting.

Objective:

. Here we have collected and analyzed 1,500+ dolomite samples to
assess how these mineralogical parameters are related as well as how
they vary based on age, depositional setting, physiographic setting.

Hypothesis:

. It is posited that dolomite stoichiometry and cation ordering reflect
localized physicochemical conditions.

. Further, it is suggested that dolomite stoichiometry and cation ordering
may reflect secular variations in seawater chemistry through time and/
or localized physicochemical conditions that are unique to various
depositional and physiographic settings.

Stoichiometry & Cation Ordering

Stoichiometric &

Relatively Well Ordered
Mg?* P |

(-'\‘ : 1. Abundance ‘\‘
al i 2. Arrangement
I &P ol.i i [+ COsAnions

o ¢ @ @ ¢® |@ |<«—cacatons

Continuum

Non-Stoichiometric &
Relatively Poorly Ordered

<+ Mg Cations

@ Calcium

© Magnesium _ Oxygen « Carbon

Fig. 1—Examples of non-stoichiometric relatively poorly-ordered
dolomite and stoichiometric relatively well ordered dolomite crystal
structures (Modified from Scholle and Ulmer-Scholle, 2003).

Dolomite [CaMgqg (COs).] is defined by two mineralogical parameters:
Refer to Lippmann (1973), Reeder (1983), and Gregg et al., (2015).

Stoichiometry (Composition): The relative abundance of Mg to Ca in the
crystal lattice (Fig. 1). Determined from the position of the D-(104) peak
(Fig. 2) (Goldsmith and Graf, 1958). Dolomite stoichiometry is reported in
various units (e.g., %Ca, mol% Ca, mole% CaCOj;, mol% Mg, mole%
MgCO3) all referring to the 1:1 molar ratio of CaCO3:MgCO:.

Cation Ordering (Structure): The degree to which the Mg and Ca cations
are distributed into the appropriate cation layer within the crystal lattice
(Fig. 1). Dolomite identified based on the presence of the D-(101), D-(015),
and D-(021) peak (Fig. 2) (Goldsmith and Graf, 1958). The degree of
cation ordering is reported as the ratio of D-(015):D-(110) peak height
intensity (Goldsmith and Graf, 1958) or as hexagonal unit cell parameters
(a=4.81 A; c=16.05A) (Land, 1980).
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Fig. 2—Example X-ray diffractogram of mineralogically pure dolomite
and calcite standards. Dominant peaks are labelled with dolomite
ordering peaks labelled in red.
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Results Continued

Mean Stoichiometry and Cation Ordering By Period Difference in Stoichiometry Minimum-Maximum Versus
1 Frequency By Epoch
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Fig. 9—Cross-plot demonstrating the relationship between stoichiometry
and cation ordering categorized by period (Left). Cross-plot demonstrat-
ing the relationship between the number of samples and the difference
in stoichiometric range by epoch.

Discussion & Limitations

. Dolomite stoichiometry and cation ordering appear to reflect localized
physicochemical conditions rather than secular variations in seawater
chemistry.

. The local physicochemical conditions of the dolomitizing fluid are
suggested to reflect the depositional and/or physiographic setting.

. Work by Lumsden and Chimahusky (1980), Ren and Jones (2018),
and Manche and Kaczmarek (2019) have demonstrated that stoichiom-
etry may be useful proxy for understanding local changes in the
dolomitizing fluid.

. However, this study is limited by two major factors:

(1) Complete information on samples provided by others or from
literature. As a result, the depositional and physiographic setting have
been overly simplified. For example, the platform shelf setting includes
numerous sub-environments as such it shows significant variance in
stoichiometry and cation ordering.

(2) Complete knowledge on whether samples have undergone recrystal-
lization. Recrystallized dolomites exhibit stoichiometry composition and
have high ordering. These samples will skew the dataset if included.

Conclusions

. Statistical analysis of the number of samples versus the range in
dolomite stoichiometry and cation ordering illustrate a bias in sample
population. It is suggested that if more samples were added to the
underrepresented ages that those ages would demonstrate equally
large ranges. Thus, stoichiometry and cation ordering does not provide
any predictive capabilities associated with age.

. Changes in dolomite stoichiometry and cation ordering do not correlate
with secular variations in greenhouse/icehouse conditions, salinity, or
seawater Mg/Ca ratios.

. Dolomite stoichiometry and cation ordering does not systematically
increase with age refuting the notion of progressive recrystallization
(Kupecz et al., 1993; Kupecz and Land, 1994).

. Local physicochemical conditions impact dolomite stoichiometry and
cation ordering. Except for when dolomite is recrystallized.
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