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1. Supplementary Discussion

Sample purity: no impact of organic matter residues on 47 values
Previous estimates of the amount of organic matter trapped as bacterial cells and traces of urea in the microbial carbonates showed that this amount was isotopically undetectable (Millo et al., 2012). This is confirmed by the high CO2 extraction yields obtained for all samples (averaging 99%; Supplementary Table 2) and the fact that bacterial carbonates show ∆48 excess values that are typically below 1 and comparable to the ones obtained for (purely abiotic) carbonate standards and CO2 gases equilibrated at 25°C and 1000°C (Supplementary Table 4). 

Repeat of 47 measurements and associated uncertainties 
Most samples were analyzed at least twice for determination of their 47 compositions. When possible, replicate 47 measurements of the same powder were performed during at least two different analytical sessions to eliminate possible bias from potential errors in constructing each discrete correction frame (Supplementary Table 4). Some 47 data could not be replicated because of the small amount of carbonates precipitated (typically of 0-14 mg per vial) and remaining after 18O-13C analyses by continuous-flow mass spectrometry. These samples without replicate measurements were thus attributed an error of ±0.020‰, which is the long-term reproducibility (1SD) obtained on homogeneous standards in this study and on a longer timescale at IPGP. This error was also applied to duplicates or triplicates having a standard deviation lower than that value (Supplementary Table 1). The consistency of the trends observed in our data series is additionally supported by the numerous and continuous measurements acquired for both experiments (with and without CA) (Fig. 1). 

Samples isotopic heterogeneity
In our microbially-induced carbonate precipitations, solid carbonates are accumulating continuously in the experimental solution, and precipitate from DIC whose isotopic composition evolves as the ureolysis reaction progresses(Millo et al., 2012 ; Thaler et al., 2017). The carbonate 18O and 47 compositions measured at different time all along the precipitation experiments correspond to the cumulated sum of all instantaneously-precipitated carbonate isotopic values at each step of the experiment, this sum being weighted by the cumulated mass of carbonates. Accordingly, the reconstructed temperature offset of 10°C recorded in the final carbonates collected in the experiment with CA reflects the contribution in the final product of the carbonates precipitated out of equilibrium at the onset of the experiment (Fig. 1a). 

Impact of the sample mineralogy on temperature and 18Owater estimates and rationale for the choice of 47 calibrations
The major part of the carbonates precipitated in this study was composed of calcite(Millo et al., 2012 ; Thaler et al., 2017) with minor amounts of aragonite (1 to 4%), vaterite (2 to 4%) and low magnesian calcite (Mg0.064,Ca0.936)CO3 (up to 8%) (Millo et al., 2012 ; Thaler et al., 2017). Those minor carbonate phases have δ18O compositions that can differ from that of calcite by up to 0.6‰ (Tarutani et al., 1969; Kim and O’Neil, 1997; Kim et al., 2014). This variability in carbonate mineralogy could thus be responsible for increased standard deviations in some of our δ18Ocarbonate data. Ideally, the calculation of the δ18Owater values from combined δ18Ocarbonate and Δ47 data on solid carbonates should thus be assessed using their respective dependence to temperature established for the carbonate mineralogy the closest to the samples. We determined temperature from our δ18O with the widely used calibration for calcite proposed by Kim and O’Neil, (1997). 
For the temperature (T) derived from the Δ47 data, we chose the calibration determined by Bonifacie et al., (2017) as it integrates a consequent number of data (n > 300), which statistical weight have been properly considered, and covers a wide temperature range (from 1 to 350°C), three characteristics that were recently shown by several teams as governing the precision on 47-T calibration equations (Bonifacie et al., 2017; Brand et al., 2010; Fernandez et al., 2017).  Importantly, this calibration equation covers the high apparent temperatures (i.e., low 47 values) reported here (then avoiding loss of precision/accuracy when extrapolating to temperature ranges that have not been experimentally investigated) and is mainly derived from analyses performed in the same laboratory than the present study (IPGP) (then avoiding loss of precision/accuracy when comparing with another laboratory with potential slight differences in their method for data acquisition and/or treatment). Finally, calibration from Bonifacie et al., (2017)  also presents the advantage of being applicable to several carbonate mineralogies. Overall, our observations and conclusions do not change if we use other recommended Δ47 to temperature calibration equations as identical offsets and trends are observed in the temperatures calculated (Supplementary Table 3).

Precisions on δ18Owater calculation from Tang et al., (2014)
Because Tang et al., (2014) did not provide their Δ47 results in absolute CDES for an acid digestion at 90°C (Δ47 CDES90), an acid fractionation factor of 0.082‰ was subtracted from their published data as recommended by Defliese and Lohmann, (2015). The δ18Owater of the precipitation media was calculated using Eq. 1 for each paired δ18O and 47 data measured on the same carbonate sample. The theoretical media δ18Owater (considering that the δ18Owater of the media is supposed to be the same for all precipitation pH) was obtained by calculating the mean value of all the δ18Owater obtained as previously described except for the two outliers precipitated at pH 10 and 10.5 that were not considered. The actual δ18Owater of the precipitation media, not given in Tang et al., (2014), was retrieved from Dietzel et al., (2009), which describes the same experiment and dataset with other  details.
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3. Supplementary Figures
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Supplementary Figure 1 | Scanning electron microscopy images of the bio-induced carbonates formed with CA (almost pure calcite and traces of vaterite and aragonite as determined using X-ray diffraction (Thaler et al., 2017). The fingerprintings of Sporosarcina pasteurii cells are visible as black holes (on the left picture showing a cross-section of carbonate) or as rods and indicated by white arrows.


Supplementary Figure 2 | Evolution of pH (a) and amount of precipitated calcium carbonate CCaCO3 (b) as a function of the production of dissolved inorganic nitrogen DIN (DIN = NH3+NH4+) by bacteria during ureolysis, without carbonic anhydrase (CA) (this study) and with CA (data from ref. (15)). Error bars account for 2SD and are always smaller than symbols for pH values. The mineralogy of the carbonates precipitated with or without CA was determined by X-ray diffraction, indicating that solid carbonates are mostly composed of calcite (including up to 8% of low-Mg calcite (Mg0.064,Ca0.936)CO3), vaterite (2-4%) and aragonite (1-4%)Thaler et al., 2017. The influence of mineralogy on isotopic measurements and temperature estimates is discussed in the Supplementary Discussion. 

[image: ]
Supplementary Figure 3 | Propagated error of any reconstructed 18Owater from paired 47 (CDES90) and 18Ocarbonates values on equilibrium carbonate. The red line corresponds to the 1000ln dependence to temperature of  Kim and O’Neil (1997),  with The blue line corresponds to the 47 dependence to temperature of Bonifacie et al. (2017). Our example illustrates the case of a carbonate precipitated at equilibrium with a 5°C water.  When considering the ±0.020‰ one standard deviation uncertainty on 47 value considered in this study based on long-term reproducibility on carbonate reference material (which can be considered as a good long-term reproducibility on carbonate reference material found in all 47 laboratories – see Table 1 in Fernandez et al., 20017 for other values) the T47 at which the carbonate precipitated is calculated with a propagated error of ± 5°C, which in turn provides the equilibrium 1000ln with a precision of ± 1.1‰. In this case, by measuring the 18Ocarbonate  value it is thus impossible to retrieve the 18Owater with a precision better than 1.1‰, even in equilibrium carbonates. Note that this 1.1‰ uncertainty is a strict minimum since its calculation does not include uncertainties on respective calibration equations considered here, nor uncertainty on 18Ocarbonate values (typically of 0.1‰). As importantly, due the the respective shapes of the trends describing both 47 and oxygen isotopes 1000ln dependence to temperature, for a carbonate precipitated at higher temperatures, a ±0.020‰ one standard deviation uncertainty on 47 value will lead to T47 calculated with a higher propagated error, but which in turn will return equilibrium 1000ln with a similar precision 

4. Supplementary Tables

Supplementary Table 1. Compilation of the stable isotope compositions (δ18Ocarbonate and Δ47) of the microbial carbonates obtained with or without carbonic anhydrase (CA), measured δ18Owater from experiment vial and associated apparent temperatures calculated from both δ18Ocarbonate and Δ47. The δ18O values were measured via continuous-flow mass spectrometry. The sample name indicates whether the experiment was performed without or with AC (with A and B, respectively), sampling time (in min, otherwise it is stipulated) followed when relevant by a letter for the experimental replicate number. Typical uncertainties on δ18O and the amount of precipitated calcium carbonate (CCaCO3) values are ±0.1‰ and ±0.7 mM, respectively (1SD). For each vial, apparent temperatures out of oxygen isotope compositions (reported as T(18O)) are calculated based on the measured 18O values of both the precipitated carbonate and the water (δ18Ocarbonate and δ18Owater), and using the calibration equation for calcite from Kim and O’Neil, 1997. The Δ47 data were acquired with a dual-inlet Thermo Scientific MAT253  mass spectrometer at Institut de Physique du Globe de Paris. “n” is the number of replicate measurements of the same carbonate powder. The Δ47 values are reported in the absolute Carbon Dioxide Equilibrated Scale for an acid digestion at 90°C (Δ47CDES90). Av. Δ47 corresponds to the average value for n replicate Δ47 measurements of the same carbonate powder. Apparent temperatures out of clumped isotope compositions T(47) are calculated from Δ47 CDES90 data and using the composite universal Δ47-T calibration (Eq. 3 in Bonifacie et al., (2017). Reported uncertainties on temperatures are calculated by propagation of the 1SD of the considered isotopic data (no error on calibration equation parameters were used) in the calibration equation. For samples with only one measurement, or with standard deviation lower than the long-term standard deviation of homogeneous calcite standards, the external reproducibility 1SD on calcite standards in the laboratory are reported (i.e. 0.02‰) (See also Supplementary Discussion).
	
	CCaCO3
	18Ocarbonate
	18Owater
	Av. 47
	±1SD
	n
	T(18O)
	±1SD
	T(47)
	±1SD

	
	(mM)
	‰ (VSMOW)
	‰ (VSMOW)
	‰ (CDES90)
	‰
	
	(°C)
	(°C)
	(°C)
	(°C)

	
	±0.7
(1SD)
	±0.1
(1SD)
	±0.1‰
(1SD)
	
	
	
	
	

	S. pasteurii

	A30a
	2.0
	-4.3
	-6.5
	
	
	
	247
	2
	
	

	A30b
	0.7
	-4.2
	-6.4
	
	
	
	247
	2
	
	

	A30c
	1.5
	-4.1
	-6.5
	
	
	
	244
	2
	
	

	A60a
	3.4
	-1.2
	-6.5
	
	
	
	205
	2
	
	

	A60b
	6.5
	-2.2
	-6.5
	0.323
	0.020
	1
	218
	2
	190
	53

	A60c
	7.7
	-1.8
	-6.4
	
	
	
	214
	2
	
	

	A120a
	9.9
	0.6
	-6.4
	0.353
	0.020
	1
	184
	2
	159
	40

	A120b
	12.1
	0.9
	-6.4
	0.328
	0.024
	2
	181
	2
	184
	59

	A120c
	12.9
	0.2
	-6.4a
	0.359
	0.020
	2
	189
	2
	152
	38

	A180a
	15.2
	1.4
	-6.1
	0.316
	0.020
	3
	178
	2
	198
	57

	A180b
	14.4
	1.5
	-6.5
	0.334
	0.020
	2
	173
	2
	178
	48

	A180c
	14.4
	1.6
	-6.4
	0.358
	0.035
	2
	173
	2
	154
	67

	A360a
	17.2
	3.4
	-6.5
	0.370
	0.020
	2
	153
	1
	143
	35

	A360b
	17.9
	3.4
	-6.7
	0.357
	0.020
	3
	151
	1
	154
	39

	A360c
	20.9
	3.2
	-6.4
	0.370
	0.020
	4
	156
	1
	143
	35

	A24h
	21.4
	4.9
	-6.4
	0.407
	0.020
	3
	139
	2
	115
	27

	S. pasteurii + CA

	B10
	0.4b
	4.3b
	-7.0a,b
	
	
	
	139
	1
	
	

	B20
	0.9b
	6.3b
	-7.0b
	
	
	
	121
	1
	
	

	B30
	0.9b
	4.4b
	-7.0a,b
	
	
	
	138
	1
	
	

	B45
	0.0b
	9.0b
	-7.0a,b
	
	
	
	99
	1
	
	

	B60
	0.2b
	11.0b
	-6.8b
	
	
	
	86
	1
	
	

	B75
	0.9b
	7.9b
	-6.8a,b
	
	
	
	110
	1
	
	

	B90
	2.8b
	15.5b
	-6.8b
	
	
	
	57
	1
	
	

	B105
	2.3b
	14.2b
	-6.8a,b
	
	
	
	65
	1
	
	

	B120
	4.3b
	15.3b
	-6.8a,b
	
	
	
	58
	1
	
	

	B135
	4.9b
	15.4b
	-6.8a,b
	
	
	
	58
	1
	
	

	B150
	7.4b
	17.1b
	-6.8a,b
	
	
	
	48
	1
	
	

	B180
	9.6b
	17.5b
	-6.8a,b
	
	
	
	45
	1
	
	

	B210
	7.5b
	17.9b
	-6.8a,b
	
	
	
	43
	1
	
	

	B240
	10.5b
	18.3b
	-6.7b
	
	
	
	42
	1
	
	

	B270
	11.6b
	18.5b
	-6.7a,b
	
	
	
	41
	1
	
	

	B300
	13.7b
	18.3b
	-6.8b
	
	
	
	41
	1
	
	

	B330
	14.8b
	18.4b
	-6.8a,b
	
	
	
	41
	1
	
	

	B360
	15.0b
	18.9b
	-6.8a,b
	0.539
	0.020
	1
	38
	1
	46
	12

	B390
	16.0b
	18.9b
	-6.8a,b
	0.546
	0.020
	1
	38
	1
	44
	12

	B395
	16.1b
	18.6b
	-6.8a,b
	0.558
	0.022
	2
	39
	1
	39
	12

	B400
	16.6b
	18.9b
	-6.7b
	0.545
	0.020
	1
	38
	1
	44
	12

	B420
	16.1b
	19.0b
	-6.7a,b
	0.546
	0.020
	2
	38
	1
	44
	12

	B450
	16.8b
	18.9b
	-6.6b
	
	
	
	39
	1
	
	

	B480
	17.8b
	18.8b
	-6.6a,b
	0.538
	0.054
	2
	40
	1
	47
	33

	B24ha
	19.2b
	19.1b
	-6.5b
	
	
	
	38
	1
	
	

	B24hb
	19.3b
	19.2b
	-6.7b
	
	
	
	37
	1
	
	

	B24hc
	19.2b
	19.1b
	-6.8b
	
	
	
	37
	1
	
	


a This 18Owater value corresponds to the value measured in the preceding or following vial sacrificed during the experiment as the 18Owater, supposed relatively constant, has not been measured for each vial. 
b Data from Thaler et al., 2017.

Supplementary Table 2. Microbial carbonate stable isotope compositions (δ18O and δ13C) and associated standard deviation (Av. stdev, 1SD), and CO2 extraction yield measured on the Thermo ScientificTM MAT 253TM stable isotope ratio mass spectrometer (IPGP, Paris, France). The sample name indicates whether the experiment was performed without or with carbonic anhydrase CA (with A and B, respectively), sampling time (in min, otherwise it is stipulated) followed when relevant by a letter for the experimental replicate number. “Av.” values correspond to the average of “n” replicate measurements. “nd” corresponds to no data and relates to carbonate samples whose small amount prevented replicate measurements. 
	
	n
	Av. 13C
	Av. stdev 13C
	Av. 18O
	Av. stdev 18O
	CO2 extraction 

	
	
	‰ (VPDB)
	1SD
	‰ (VPDB)
	1SD
	yield

	S. pasteurii
	
	
	
	
	
	

	A60b
	1
	-53.3
	nd
	-31.8
	nd
	98

	A120a
	1
	-52.4
	nd
	-29.3
	nd
	95

	A120b
	2
	-52.0
	0.11
	-28.7
	0.42
	95

	A120c
	2
	-52.5
	0.20
	-29.3
	0.66
	97

	A180a
	3
	-52.3
	0.06
	-28.1
	0.01
	99

	A180b
	2
	-51.8
	0.20
	-27.8
	0.05
	95

	A180c
	2
	-52.1
	0.14
	-28.1
	0.62
	97

	A360a
	2
	-51.7
	0.03
	-26.6
	0.18
	99

	A360b
	3
	-51.9
	0.05
	-26.4
	0.05
	99

	A360c
	4
	-52.0
	0.05
	-26.3
	0.09
	100

	A24h
	3
	-51.3
	0.05
	-24.8
	0.16
	101

	S. pasteurii + CA
	
	
	
	
	
	

	B360
	1
	-55.5
	nd
	-11.5
	nd
	99

	B390
	1
	-55.8
	nd
	-11.7
	nd
	100

	B395
	2
	-55.6
	0.03
	-11.8
	0.08
	101

	B400
	1
	-55.1
	nd
	-11.5
	nd
	101

	B420
	2
	-56.1
	0.01
	-11.6
	0.07
	101

	B480
	2
	-55.0
	0.25
	-11.5
	0.07
	102




Supplementary Table S3. Comparison of the temperatures calculated from our 47 CDES90 data corrected with Brand parameters (Brand et al., 2010) when using the different calibrations of Bonifacie et al., 2017 and Kelson et al., 2017. The sample name indicates whether the experiment was performed without or with carbonic anhydrase CA (with A and B, respectively), sampling time (in min, otherwise it is stipulated) followed when relevant by a letter for the experimental replicate number. “Av.” values correspond to the average of “n” 47 replicate measurements. Note the consistency between temperatures out of the two calibrations, giving only minor change in T estimates and thus no change in the observations and conclusions of our study.
	
	n
	Av. 47
	T(47)

	
	
	‰ (CDES90)
	°C

	
	
	
	ref. (31)
	 ref. (49)

	S. pasteurii
	
	
	
	

	A60b
	1
	0.323
	190
	198

	A120a
	1
	0.353
	159
	165

	A120b
	2
	0.328
	184
	192

	A120c
	2
	0.359
	152
	159

	A180a
	3
	0.316
	198
	207

	A180b
	2
	0.334
	178
	185

	A180c
	2
	0.358
	154
	160

	A360a
	2
	0.370
	143
	149

	A360b
	3
	0.357
	154
	161

	A360c
	4
	0.370
	143
	149

	A24h
	3
	0.407
	115
	120

	S. pasteurii + CA
	
	
	
	

	B360
	1
	0.539
	46
	49

	B390
	1
	0.546
	44
	47

	B395
	2
	0.558
	39
	42

	B400
	1
	0.545
	44
	47

	B420
	2
	0.546
	44
	47

	B480
	2
	0.538
	47
	50



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Supplementary Table S4. Raw isotopic data collected for ∆47 measurements on (i) experimentally-precipitated microbial carbonates (highlighted in dark grey), (ii) carbonate reference material (i.e. IPGP-Carrara and 102-GC-AZ01) and (iii) standards of CO2 gases equilibrated (“Eq.” or “Equil.”) at 25°C and 1000°C and provided by Oztech Trading Corporation (“Oz”), i.e. the working gaz (WG). Also shown are parameters derived for the correction from 17O interferences, the corrections with Heated Gas Line slope (HGL), the corrections with fixed Equilibrated Gas Line slope (EGL) and Empirical Transfer Function (ETF), along with the conversion of the raw ∆47 data into the absolute Carbon Dioxide Equilibrated Scale (CDES90). The table is provided as an additional Excel spreadsheet.

Without CA	Total Ureolysis
24.755297999999989	18.59395200000003	23.40486600000003	25.599318	31.845065999999999	38.090814000000002	36.571578000000002	46.19340600000001	45.264984000000013	55.055616000000001	57.756480000000003	60.20413800000015	62.145384	55.646430000000002	64.930650000000213	61.132560000000012	1.9649591171938261	0.66608783633689606	1.523675925620636	3.3720696714554972	6.4527259145136471	7.701640607645289	9.9496870552823697	12.114472523377181	12.94708231879833	15.1951287664353	14.36251897101423	14.4457799505563	17.193392275445859	17.859480111782901	20.94013635484087	21.43970223209352	With CA	0	0.24727099999999999	3.5427659999999972	3.2602950000000002	5.8966910000000023	8.5330870000000001	21.43259599999999	21.715067000000001	16.630589000000001	23.31573599999999	29.624255000000069	33.390535000000121	25.763818000000001	36.780186999999998	40.923095000000011	39.699054000000011	36.874344000000001	56.459000000000003	45.725102000000398	51.562836000000011	49.20891100000015	43.088706000000009	47.043300000000002	50.150480999999999	57.965512000000231	62.767519000000149	59.942808999999997	0.41899286567516297	0.87481744844129194	0.88513621614537497	-6.2352803637466796E-4	0.15748424743074099	0.858051235751775	2.7789864062793872	2.3157305024129879	4.2538319774601456	4.9146999951429979	7.4418377786158469	9.6030355566234746	7.5042231538814734	10.536981524771701	11.594796214099629	13.700497035566251	14.83550097373128	14.99646389634168	15.95348132824388	16.088048616446979	16.574569721900101	16.13429192575596	16.776230082681529	17.82866065877969	19.207343610713089	19.29544395833608	19.233220600756329	55.6	17.899999999999999	[Ca2+]initial
0	70	20	20	66.599999999999994	66.599999999999994	0	22	[DIN] (mM)

CCaCO3 (mM)


Without CA	Total Ureolysis
24.755297999999989	18.59395200000003	23.40486600000003	25.599318	31.845065999999999	38.090814000000002	36.571578000000002	46.19340600000001	45.264984000000013	55.055616000000001	57.756480000000003	60.20413800000015	62.145384	55.646430000000002	64.930650000000213	61.132560000000012	8.84	8.7100000000000009	8.83	8.7000000000000011	8.6300000000000008	8.620000000000001	8.6300000000000008	8.7100000000000009	8.7399999999999984	8.75	8.75	8.77	8.7900000000000009	8.7900000000000009	8.7900000000000009	8.75	With CA	------------------------> 
Initial pH= 6
0	0.24727099999999999	3.5427659999999972	3.2602950000000002	5.8966910000000023	8.5330870000000001	21.43259599999999	21.715067000000001	16.630589000000001	23.31573599999999	29.624255000000069	33.390535000000121	25.763818000000001	36.780186999999998	40.923095000000011	39.699054000000011	36.874344000000001	56.459000000000003	45.725102000000398	51.562836000000011	49.20891100000015	43.088706000000009	47.043300000000002	50.150480999999999	57.965512000000231	62.767519000000149	59.942808999999997	8.7000000000000011	8.8600000000000048	8.98	8.99	9.02	9.0400000000000009	9.02	8.8500000000000068	8.81	8.89	8.81	8.7200000000000006	8.6399999999999988	8.65	8.69	8.65	8.6300000000000008	8.6399999999999988	8.43	8.5	8.5300000000000011	8.5	8.5300000000000011	8.59	8.7100000000000009	8.7100000000000009	8.7200000000000006	56.46	8.6399999999999988	66.599999999999994	66.599999999999994	0	22	[DIN] (mM)
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