	Supplementary Table S1. A list of studies that reported calcite microcrystals in Phanerozoic marine limestones and interpreted their diagenetic origin.


	[bookmark: _Hlk66372317]Reference
	Age
	Location
	Crystal Morphology
	Diagenetic Environment
	Evidence*†

	Steinen (1982)
	Holocene
	Bahamas
	Rhombic
	Meteoric
	Currently residing in meteoric fluids

	Steinen (1978)
	Pleistocene
	Barbados
	Polyhedral
	Meteoric or mixing
	Currently residing in meteoric fluids

	Saller and Moore (1989)
	Pleistocene and Oligocene
	Enewetak Atoll, Marshall Islands
	Polyhedral
	Marine burial 
	δ13C is similar to marine sediments, δ18O is compatible with precipitation from seawater at cool temperature (~ 15 ℃)

	Lucia (2017)
	Miocene–Pleistocene
	Bahamas
	Polyhedral; anhedral
	Marine burial
	-

	Lucia and Loucks (2013)
	Miocene–Pleistocene
	Bahamas
	Polyhedral; anhedral
	Marine burial
	-

	Melim et al. (2002)
	Neogene
	Bahamas
	Polyhedral; anhedral
	Seafloor, marine burial, deep burial
	δ13C and δ18O are both positive

	Lasemi and Sandberg (1984)
	Oligocene–Pleistocene
	Florida, U.S.A., Bahamas, Mexico, Italy
	Polyhedral
	Meteoric
	-

	Loucks et al. (1998)
	Eocene
	Tunisia
	Polyhedral; aligned crystals;
	Shallow and deep marine burial
	Petrographic observations

	da Silva et al. (2009)
	Paleocene
	Spain
	Rhombic; polyhedral
	Meteoric
	Petrographic observations (exposure surface, paleosols)

	Valencia and Laya (2020)
	Oligocene - Miocene
	Venezuela
	Polyhedral
	Shallow marine
	Petrographic observations, paragenesis,


	Moshier (1989a)
	Miocene
	Indonesia
	Rhombic
	Meteoric
	Depleted δ13C and δ18O

-

	
	Paleocene, Cretaceous
	Iran, Libya, Arabian Gulf
	Polyhedral 
	Meteoric or marine
	

	Moshier (1989b)
	Cretaceous
	U.A.E.
	Polyhedral; rhombic
	Marine
	δ13C values similar to the inferred marine signature, depleted δ18O compatible with formation and elevated temperature (burial).

	[bookmark: _Hlk535685109]Budd (1989)
	Cretaceous
	U.A.E.
	Polyhedral; rhombic
	Meteoric
	Depleted δ18O compatible with meteoric fluids, low concentration of trace elements (Mg, Sr, Mn, Fe) compatible with open system diagenesis

	Cox et al. (2010)
	Cretaceous
	U.A.E.
	Polyhedral
	Marine burial
	Depleted δ18O interpreted to reflect burial temperatures

	Deville de Periere et al. (2011)
	Cretaceous
	Iraq, U.A.E, Qatar
	Polyhedral; anhedral; elongated; rhombic
	Meteoric and Marine
	Petrographic observations (exposure surface, clay-filled karastic features, cements, moldic porosity), depleted δ13C and δ18O and compatible with freshwater 

	Dewever et al. (2007)
	Cretaceous
	Albania
	Polyhedral
	Marine burial
	Positive δ13C and slightly negative δ18O interpreted to reflect seawater derived fluids

	[bookmark: _Hlk535685144]Holail and Lohmann (1994)
	Cretaceous
	Egypt
	Rhombic
	Meteoric
	Depleted δ13C and δ18O and low concentration of trace elements (Na and Sr)
Positive δ13C and slightly negative δ18O and high concentration of trace elements


	
	
	
	Anhedral; polyhedral
	Marine
	

	Loucks et al. (2017)
	Cretaceous
	Louisiana, U.S.A.
	Rhombic
	Meteoric and/or shallow marine
	Petrographic observations

	[bookmark: _Hlk535685174]Perkins (1989)
	Cretaceous
	Texas, U.S.A.
	Rhombic; polyhedral
	Meteoric or deep marine
	Depleted δ18O values consistent with meteoric fluids or marine waters at higher temperature, and low trace element concentrations support open system diagenesis

	Loucks et al. (2013)
	Cretaceous
	Texas, U.S.A.
	Rhombic; polyhedral
	Meteoric and/or shallow marine
	Petrographic observations (pendulous cement, wholesale aragonite dissolution)


	Richard et al. (2007)
	Cretaceous
	France
	Subhedral rhombic; polyhedral
	Meteoric
	Depleted δ13C and δ18O, and low trace element concentrations

	Lambert et al. (2006)
	Jurassic & Cretaceous
	Iraq, U.A.E.
	Polyhedral; rounded
	Meteoric or deep marine
	Positive δ13C and negative δ18O values

	Volery et al. (2010b)
	Jurassic & Cretaceous
	France
	Subhedral rhombic; polyhedral
	Meteoric
	Depleted δ13C and δ18O, low concentrations of Sr and Mg, and petrographic observations

	[bookmark: _Hlk66269340]Carpentier et al. (2015)
	Jurassic
	France
	Polyhedral with some rhombic
	Meteoric and marine burial
	Positive δ13C and negative δ18O compatible with precipitation from meteoric fluids or marine fluids at higher temperature

	Ahr (1989)
	Jurassic
	Texas, U.S.A.
	Polyhedral; anhedral
	Meteoric
	Positive δ13C and negative δ18O, trace elements (Mg, Fe, Mn, Sr, Na, Al, Zn, S), and petrographic observations,

	Dravis (1989)
	Jurassic
	Texas, U.S.A.
	Subhedral rhombic
	Deep burial
	Positive δ13C and negative δ18O, and petrographic observations

	Tavakoli and Jamalian (2018)
	Permian & Cretaceous
	Arabian Gulf
	Subhedral rhombic; polyhedral
	Meteoric
	-

	Dickson and Kenter (2014)
	Devonian – Carboniferous
	The Caspian Sea, Kazakhstan
	Rhombic; polyhedral; anhedral
	Meteoric (but marine was not excluded)
	Depleted δ13C and δ18O, petrographic observations, and
CL petrography

	Kaldi (1989)
	Devonian
	Canada
	Subhedral; Rhombic; polyhedral; aligned crystals
	Meteoric or shallow marine
	Petrographic observations 

	[bookmark: _Hlk535685199]Al-Aasm and Azmy (1996)
	Devonian
	Canada
	Polyhedral; anhedral; aligned crystals
	Shallow or intermediate burial in modified marine water
	Positive δ13C and very negative δ18O interpreted to reflect formation at higher temperature during burial.
Trace elements (Mg, Mn, Sr, Na)
Petrographic observations (e.g., wholesale dissolution)

	Munnecke et al. (1997)
	Silurian & Pliocene
	Bahamas, Sweden
	Polyhedral
	Shallow marine burial 
	Positive δ13C and δ18O, and petrographic observations 



* δ13C and δ18O refer to carbon and oxygen isotopes in carbonates relative to VPDB.
† depletion is relative to the age-equivalent isotopic composition of marine calcite. 

Supplementary Table S2. A summary of the textural and stable isotopic data for all samples.
	Sample no.* 
	Geologic unit
	Well
	Age
	Location
	SEM Image no.
	Crystal Morphology
	δ13C (VPDB)
	δ18O (VPDB)

	1
	Mallaca
	A2
	Miocene
	Indonesia
	1-1
	Rhombic
	-2.33
	-8.29

	1
	Mallaca
	A2
	Miocene
	Indonesia
	1-2
	Rhombic
	-
	-

	1
	Mallaca
	A2
	Miocene
	Indonesia
	1-3
	Rhombic
	-
	-

	1
	Mallaca
	A2
	Miocene
	Indonesia
	1-4
	Non-rhombic
	-
	-

	1
	Mallaca
	A2
	Miocene
	Indonesia
	1-5
	Mixed rhombic and non-rhombic
	-
	-

	2
	Mallaca
	A2
	Miocene
	Indonesia
	2-1
	Mixed rhombic and non-rhombic
	-0.15
	-8.30

	2
	Mallaca
	A2
	Miocene
	Indonesia
	2-2
	Polyhedral
	-
	-

	2
	Mallaca
	A2
	Miocene
	Indonesia
	2-3
	Polyhedral
	-
	-

	2
	Mallaca
	A2
	Miocene
	Indonesia
	2-4
	Polyhedral
	-
	-

	2
	Mallaca
	A2
	Miocene
	Indonesia
	2-5
	Polyhedral
	-
	-

	2
	Mallaca
	A2
	Miocene
	Indonesia
	2-6
	Polyhedral
	-
	-

	2
	Mallaca
	A2
	Miocene
	Indonesia
	2-7
	Polyhedral
	-
	-

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-1
	Mixed rhombic and non-rhombic
	-3.80
	-8.76

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-2
	Mixed rhombic and non-rhombic
	-
	-

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-3
	Mixed rhombic and non-rhombic
	-
	-

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-4
	Rhombic
	-
	-

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-5
	Rhombic
	-
	-

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-6
	Rhombic
	-
	-

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-7
	Rhombic
	-
	-

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-8
	Rhombic
	-
	-

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-9
	Rhombic
	-
	-

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-10
	Rhombic
	-
	-

	3
	Mallaca
	A3
	Miocene
	Indonesia
	3-11
	Rhombic
	-
	-

	4
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	4-1
	Rhombic
	-0.58
	-5.01

	4
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	4-2
	Mixed rhombic and non-rhombic
	-
	-

	
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	4-3
	Mixed rhombic and non-rhombic
	-
	-

	5
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	5-1
	Rhombic/rounded
	0.04
	-4.75

	5
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	5-2
	Polyhedral
	-
	-

	6
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	6-1
	Rhombic
	-1.18
	-5.15

	6
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	6-1
	Rhombic
	-
	-

	6
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	6-2
	Rhombic
	-
	-

	6
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	6-3
	Rhombic
	-
	-

	6
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	6-4
	Rhombic
	-
	-

	6
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	6-5
	Rhombic
	-
	-

	6
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	6-6
	Rhombic
	-
	-

	6
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	6-7
	Rhombic
	-
	-

	6
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	6-8
	Rhombic
	-
	-

	6
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	6-9
	Rhombic
	-
	-

	7
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	7-1
	Mixed rhombic and non-rhombic
	1.60
	-4.40

	7
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	7-2
	Rhombic/rounded
	-
	-

	8
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	8-1
	Rhombic
	2.88
	-5.15

	8
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	8-2
	Mixed rhombic and non-rhombic
	-
	-

	8
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	8-3
	Mixed rhombic and non-rhombic
	-
	-

	9
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	9-1
	Polyhedral
	4.79
	-4.48

	9
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	9-2
	Polyhedral
	-
	-

	9
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	9-3
	Polyhedral
	-
	-

	10
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	10-1
	Polyhedral
	3.22
	-3.48

	10
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	10-2
	Polyhedral
	-
	-

	11
	Thamama Gp.
	Sajaa-3
	
	
	11-1
	Polyhedral
	2.72
	-3.35

	11
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	11-2
	Polyhedral
	-
	-

	11
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	11-3
	Polyhedral
	-
	-

	12
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	12-1
	Polyhedral
	4.65
	-4.06

	12
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	12-2
	Polyhedral
	-
	-

	12
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	12-3
	Polyhedral
	-
	-

	12
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	12-4
	Polyhedral
	-
	-

	13
	Thamama Gp. 
	M5
	Cretaceous
	U.A.E.
	13-1
	Polyhedral
	-
	-

	14
	Thamama Gp. 
	M5
	Cretaceous
	U.A.E.
	14-1
	Polyhedral
	-
	-

	14
	Thamama Gp. 
	M5
	Cretaceous
	U.A.E.
	14-2
	Polyhedral
	-
	-

	14
	Thamama Gp. 
	M5
	Cretaceous
	U.A.E.
	14-3
	Polyhedral
	-
	-

	15
	Thamama Gp. 
	M6
	Cretaceous
	U.A.E.
	15-1
	Polyhedral
	-
	-

	15
	Thamama Gp. 
	M6
	Cretaceous
	U.A.E.
	15-2
	Polyhedral
	-
	-

	15
	Thamama Gp. 
	M6
	Cretaceous
	U.A.E.
	15-3
	Polyhedral
	-
	-

	15
	Thamama Gp. 
	M6
	Cretaceous
	U.A.E.
	15-4
	Polyhedral with some rhombic
	-
	-

	15
	Thamama Gp. 
	M6
	Cretaceous
	U.A.E.
	15-5
	Polyhedral with some rhombic
	-
	-

	16
	Thamama Gp. 
	M6
	Cretaceous
	U.A.E.
	16-1
	Rhombic
	3.08
	-5.28

	16
	Thamama Gp. 
	M6
	Cretaceous
	U.A.E.
	16-2
	Rhombic
	-
	-

	16
	Thamama Gp. 
	M6
	Cretaceous
	U.A.E.
	16-3
	Rhombic
	-
	-

	16
	Thamama Gp. 
	M6
	Cretaceous
	U.A.E.
	16-4
	Rhombic
	-
	-

	16
	Thamama Gp. 
	M6
	Cretaceous
	U.A.E.
	16-5
	Rhombic
	-
	-

	17
	Thamama Gp. 
	M7
	Cretaceous
	U.A.E.
	17-1
	Polyhedral
	-
	-

	17
	Thamama Gp. 
	M7
	Cretaceous
	U.A.E.
	17-2
	Polyhedral
	-
	-

	18
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	18-1
	Polyhedral
	-
	-

	18
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	18-2
	Polyhedral
	-
	-

	19
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	19-1
	Polyhedral
	-
	-

	19
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	19-2
	Polyhedral
	-
	-

	20
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	20-1
	Polyhedral
	-
	-

	20
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	20-2
	Polyhedral
	-
	-

	21
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	-
	-
	-
	-

	22
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	-
	-
	-
	-

	23
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	-
	-
	-
	-

	24
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	-
	-
	-
	-

	25
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	-
	-
	-
	-

	26
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	-
	-
	-
	-

	27
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	-
	-
	-
	-

	28
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	-
	-
	-
	-

	29
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	-
	-
	-
	-

	30
	Thamama Gp. 
	M4
	Cretaceous
	U.A.E.
	30-1
	Polyhedral
	-
	-

	31
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	-
	-
	-0.52
	-4.98

	32
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	-
	-
	-0.84
	-5.10

	33
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	-
	-
	2.75
	-3.87

	34
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	-
	-
	2.89
	-4.05

	35
	Stuart City Trend
	Schroder2
	Cretaceous
	Texas, U.S.A.
	-
	-
	3.18
	-3.52

	36
	Stuart City Trend
	Krause4
	Cretaceous
	Texas, U.S.A.
	-
	-
	3.03
	-4.31

	37
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	-
	-
	4.39
	-4.70

	38
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	-
	-
	4.69
	-4.06

	39
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	-
	-
	4.82
	-4.11

	40
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	-
	-
	4.82
	-4.44

	41
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	-
	-
	4.68
	-4.34

	43
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	-
	-
	4.61
	-4.95

	44
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	-
	-
	4.66
	-4.23

	45
	Thamama Gp.
	Sajaa-3
	Cretaceous
	U.A.E.
	-
	-
	2.77
	-3.20


* Samples 1 - 12 and 16 were examined texturally and analyzed isotopically. Samples 13 - 30 (except 16) were examined texturally and their isotopes are reported in previous studies (Table S1 and Fig. 1). Samples 31 - 41 were analyzed for their isotopic compositions and their textures are reported in previous studies (Table S1).
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