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and chlorite at the expense of smectite in the more internal domain of the northern subalpine 140 chains. They interpreted the mineralogical evolution as the expression of the tectonic overload 141 (prealpine nappes) in the eastern part of the subalpine basin. Consistently, more recent data on 142 vitrinite reflectance revealed an increase of organic matter thermal maturation in the 143 northeastern part of the subalpine chains (Gorin & Monteil, 1990, Butler, 1991;Moss, 1992).

144 Such a combination of independent thermal indicators indicates that the northeastern part of 145 the chain suffered higher temperatures, due to the greater tectonic loads exerted onto the 146 subalpine chains. Thermal data and modeling results suggest that the eastern Bornes and 147 Bauges massifs have experienced a burial depth up to 5 km greater than their western areas 148 (Moss, 1992). Butler (1991) estimated maximal temperatures induced by this tectonic load 149 around 180°C in the eastern domain and 60-70°C in the western domain. This study focuses on a Late Cretaceous calcareous unit called the "sublithographic 155 limestones" ranging in age from the Turonian to the Campanian (Villard, 1991). The major 156 rock-forming constituents are micrite particles, calcareous ooze, and allochems fragments, 157 including planktonic and benthonic foraminifera and calcispheres (coccolithes fragments).

158

These limestones were chosen for the two following reasons: (1) the "sublithographic 159 limestones" consist of a fine grained and homogeneous micritic formation containing small 160 amounts of clay minerals (<5%), allowing for clay diagenesis and ∆ 47 composition to be 161 measured conjointly on the same samples, and (2) it is a well exposed unit across the fold and 162 thrust belt this allowing for collecting samples through a large range of low-grade 163 metamorphism domains. The "sublithographic limestones" are generally well-exposed to the 164 heart of the synclines of the Bauges and Bornes massifs. They superimpose condensed 165 horizons of glauconite and phosphate bearing green sandstones of Aptian/Albian age 166 (Delamette et al., 1997) and are unconformably overlain by Cenozoic deposits (Fig. 2). A 167 total of 110 samples were collected from 18 sites (Fig. 1) for XRD analyses, from which 8 168

Scanning Electron Microscopy (SEM) and petrophysical properties 190 191

To ensure the homogeneity of the petrographic characteristics of all the samples studied, we 192 made SEM characterization of micrite microtexture on fresh surfaces, without acid attack, and 193 after gold plating, and we measured the petrophysical properties (porosity and permeability) 194 from plugs obtained from the same samples. Water porosimetry was performed to quantify 195 total porosity (connected porosity) using Archimedes method (Richard et al., 2007, Cavailhes 196 et al., 2013). Plugs were first dried in an oven at 60°C until they reached a stable mass (m d ) 197 and then put upright in an airtight enclosure for 24 hours. at room temperature under vacuum 198 at 2.6 Pa. They were progressively imbibed from their base with degassed deionized water, 199 under a dynamic vacuum. The total porosity φ (%) is given by: φ = [(m 1 -m d ) / (m 1 -m 2 )] × 200 100, where m 1 is the mass of the sample saturated with water and m 2 is the mass of the 201 sample saturated with water weighed under water (hydrostatic underwater weighing).

202

Permeability measurements (K) were performed on the same plugs with a gas permeameter 203 equipped with a Hassler cell using nitrogen and the steady state flow method. They were 204 made under an effective pressure of 0.1 MPa and then corrected for the Klinkenberg effect 205 using a graphical method (Zinsner & Pellerin, 2007;Cavailhes et al., 2013) The convergence criteria between measured data versus model predictions were 262 iteratively defined to minimize: (1) the discrepancy between the whole dataset obtained by the 263 mean of three independent paleothermometers (%illite in I-S, Ro% and T∆ 47 ), and (2) the gap 264 between the measured data for each paleothermometer and the values computed 265 mathematically for each proxy (%illite in I-S, Ro% and T∆ 47 ), given the different time-266 temperature paths to evaluate. A good match between data and models was observed by 267 considering typical errors of ±0.1% for Ro%, ±10-15°C for T∆ 47 and ±10% for %illite in I-S. The semi-quantitative XRD bulk rock analyses showed that the studied limestone unit 272 is mostly composed by calcite (>95%) with a minor proportion of clay minerals (<5%) 273 including glauconite in some samples. XRD analyses on HCl-insoluble fraction revealed trace 274 concentration of quartz, opal CT and K-feldspars. Table 1 shows the results of the increases, and these I-S now mostly correspond to R1 ordering scheme. The last type

295

(Sections C14 to C18) shows higher proportions of chlorite and illite, a lower amount of I-S 296 with more than 90% illite layers, now corresponding to R3 ordering scheme (Fig. 3). The stable isotopes data (δ 18 O carb /δ 13 C carb /∆ 47 ) acquired on eight samples collected in 316 the three different geographical domains (A, B and C) are reported in Table 1 and illustrated 317 with different colors in the cross plots of Figure 5. Despite the fact that the samples were 318 collected in different localities tens of kilometers apart, they all exhibit small ranges of 319 variations in δ 18 O carb (between -3.15‰ and -3.89‰; n=8 samples) and δ 13 C carb (from 1.6‰ to 320 2.90 ‰; n=7 -sample A1 is offset with a δ 13 C carb = 0.04‰). This small range of variation 321 likely reflects the fact that all samples precipitated (or recrystallized) in comparable 322 environmental conditions (i.e., temperature, oxygen isotope composition of the parent fluid,

323

water to rock ratios).

325

The ∆ 47 values of the samples investigated here are varying between 0.634‰ and 326 0.400‰. The external reproducibility out of 2 to 4 replicate analyses of the same micrite 327 powder ranges between ±0.010‰ and ±0.049‰ (± 1 S.D., with one offset for sample B12 328 ±0.076‰; Table 1). This is larger than the external reproducibility obtained in this study on 329 homogeneous standards (± 0.018‰, n=49) and likely reflects the relative isotopic 330 heterogeneity of the micrite samples investigated here (compared to homogeneous standards).

331

In contrast with the regional-scale homogeneity on δ 18 O carb and δ 13 C carb compositions of the The "sublithographic limestones" do not contain organic matter. However, thermal and Bornes) did not experience burial temperature above 70-80°C (Fig. 7). Although the investigated lithology consists of a micritic limestone with a CaCO 3 431 content of up to 95%, and potassium deficiency, the illitization processes described in this 432 study are comparable to those described in argillaceous rocks or ashes layers, confirming that 433 temperature is the dominant controlling factor at regional scale (Środoń & Clauer, 2001). , 1983, , Ferry et al., 1983;;Deconinck & Debrabant, 1985;Levert & Ferry, 1988). 5).
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This suggests that all the micrites from this study likely recrystallized at higher temperatures 472 than the original one at depositional site. Such hypothesis finds support in two observations.

473

First, the limestone units, initially composed of calcareous ooze with planktonic foraminifera The three proxies (i.e. clay diagenesis, organic matter maturity and carbonate clumped 
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  Furthermore, in order to consider mid-temperature scenarios, we also integrated five 251 Page 6 of 30 Basin Research additional time-temperature paths by adjusting the maximal burial temperature from 80 to 180°C. We computed the expected changes in vitrinite composition, ∆ 47 temperatures and % 253 illite in I-S with time and temperature, for comparison with the measured values. Three 254 empirical kinetic models were used with sequential time-temperature steps of 1Ma: (1) 255 Vitrinite maturation was predicted by the Easy% Ro kinetic model of Sweeney & Burnham, 256 1990; (2) The extent of solid-state C-O bond reordering over time was simulated using the ∆ 47 257 kinetic model of Henkes et al. (2013) (see Shenton et al. 2015 for an application); and (3) the 258 extent of smectite to illite conversion in I-S was calculated following the kinetic model of 259 Huang et al., 1993.260 261

  275mineralogical, petrographic, petrophysical and geochemical analyses of the clay and 276 carbonate components from the investigated limestone unit.

  Clay mineralogyl results are presented in figure2, where the relative proportions of 281 the different minerals identified in the samples from the eighteen sampled sections are 282 reported. From top to base are presented the results from sections located respectively in the 283 external and internal domains (A, B, C) of the Bauges and Bornes massifs. In the studied area, 284 clay minerals include illite, illite/smectite mixed-layers (I-S), chlorite, chlorite/smectite 285 mixed-layers (C-S) and some kaolinite. Small quantities of quartz occur in the clay fraction of 286 all samples. Three types of clay mineral assemblages are distinguished, depending on the 287 geographical location of the samples (c.f. A, B and C domains). The first type (Sections A1 288 to A8) refers to clay mineral assemblages largely dominated by illite/smectite mixed-layers 289 expanding to 17 Å after glycolation and therefore corresponding to I-S R0 ordering scheme 290 (Fig. 3). They are associated with illite and occasionally with small amounts of C-S and 291 kaolinite. The second type of clay mineral assemblages (Sections B9 to B13) is characterized 292 by higher percentages of illite, a decreasing proportion of I-S, and the systematic occurrence 293 of chlorite and C-S. In samples from the B domain, the proportion of illitic sheets in I-S Page 7 of 30 Basin Research

  part (C domain) of the studied subalpine massifs, the clay mineral 406 assemblages are dominated by chlorite, illite and I-S R3 containing a small proportion 407 (mostly below 10%) of smectite sheets. This type of assemblage results from the illitization of 408 I-S R0 through smectite dissolution/precipitation processes (Nadeau et al., 1985) and from the 409 transformation of these smectitic minerals into chlorite. The C-S present in the eastern 410 sections are likely the intermediates of smectite to chlorite transformations. The difference in 411 the composition of clay assemblages between the western and the eastern part of the subalpine 412 massifs was already noticed and interpreted as due to tectonic overload triggered by the 413 prealpine nappes (Deconinck & Debrabant, 1985). New data provided in this study suggest 414 that samples from the C domain likely experienced maximum temperatures up to 140°C, 415 confirming that thermal diagenesis was responsible for the illitization and chloritization of I-S 416 R0 (Fig. 7), the increase of vitrinite reflectance (up to 1.3%) and of Rock-Eval T max 417 (T max >460°C) in these localities. The relationship observed in the studied area between the 418 Rock-Eval T max and the illite content in illite-smectite (I-S) mixed layers agrees with the one 419 observed by Dellisanti et al. (2010) in similar syn-orogenic successions from the Northern 420 Apennines (Italy). These results are also concordant with the maximum burial temperature of 421 Page 10 of 30 Basin Research 180°C estimated in the studied area by Butler, (1991). minerals and organic maturity data indicate that the B domain experienced a moderate 426 thermal influence compared to the external and internal domains (A and C, respectively).
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  However, in the B and C domains, chloritization processes are progressively increasing from 435 West to East where and the chlorite proportion reaches 50% of the clay fraction. Such chlorite 436 proportions cannot be explained by depositional heterogeneities linked to detrital input. 437 Indeed, the hot and hydrolyzing climates dominating the Late Cretaceous time did not allow 438 chlorite preservation. Furthermore, in the absence of diagenetic transformations, the chlorite 439 proportions are always very low in Upper Cretaceous sediments (Jeans et al., 2001; 440 Deconinck et al., 2005). The chloritization processes in the studied carbonate succession were 441 probably favored by the magnesium release from the transformation of High-Magnesium 442 Calcite (HMC) into Low-Magnesium Calcite (LMC) during diagenesis. This process is 443 particularly evident in marl-limestone alternations of the subalpine ranges where I-S R0 444 evolved into illites within the marls and into chlorites within the limestones (e.g. Deconinck 445 & Chamley

  In the studied sublithographic limestones, the micrite samples record contrasting ∆ 47 450 temperatures clustered in two distinct groups, depending on their geographic locations. The 451 micrites from the A and B domains have T∆ 47 clustered at 51±8°C (n=4 samples) which 452 sharply contrast with the micrites from the more internal C domain, displaying T∆ 47 clustered 453 at 183±17°C (n=4 samples). Given the fact that all the investigated micritic calcites from all 454 domains show very similar micro-texture, petrophysical properties, as well as δ 13 C and 455 δ 18 O carb isotopic compositions (Fig.4, 5 and Table1), it is unlikely that this sharp difference in 456 T∆ 47 values could result from different recrystallization events. We suggest that the high 457 temperatures recorded in samples of the eastern C domain result from 13 C-18 O bonds re-458 equilibration via solid-state diffusion at temperatures higher than the blocking temperature. 459 Such hypothesis also finds support in the fact that: (1) the calculated δ 18 O water of about 19‰ 460 for micrites of the C domain are too high to be reconciled with the most common δ 18 O water of 461 diagenetic fluids in sedimentary basins (Karhaka et al. 2003); (2) clay mineral and vitrinite 462 reflectance data indicate a maximal burial temperature up to 160-180°C for this area.
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  and coccoliths fragments, now exhibit numerous petrographic hints of recrystallization (i.e.475particle shapes, type of contact between grains and crystallometry parameters). Second, the 476 measured T∆ 47 show higher temperatures than coeval shallow seawater(i.e., 20-26°C 477 followingJenkyns et al. 1994). Noticeably, the T∆ 47 of micrite samples from the external 478 domains (A and B), not affected by ∆ 47 resetting, point toward a recrystallization event 479 occurring during shallow burial, at temperatures close to 50°C and by fluids with δ 18 O water 480 values of +1.7±1.2‰. Such recrystallization event may correspond to the transformation of 481 the metastable High-Magnesium Calcite (HMC) into Low-Magnesium Calcite (LMC) of the 482 micritic sediment (Schlager & James, 1978). 483 Overall, the micrite samples investigated here exhibit apparent T∆ 47 values that are 484 expected to be an integration of: (1) temperature, timing, and extent of the shallow burial 485 recrystallization occurring for all geographic domains (A, B and C) and (2) an additional 486 overprint by solid-state C-O bond reordering only in samples from the C domain, which was 487 function of the thermal history and of specific C-O bond reordering kinetics of ∆ 47 paleothermometric results acquired on three samples representative of 493 the three geographic domains investigated in this study, we employed a forward modeling 494 approach to find the best thermal scenario to reconcile all the obtained ∆ 47 , vitrinite 495 reflectance and clay mineral data. This approach is devoted to refine the burial and 496 exhumation history of the sampled areas. The model results are shown in Figure 7 where 497 seven different time-temperature scenarios, with varying maximal burial temperature (MBT) 498 are considered. These scenarios are: (1) pre-thrusting burial (88-65Ma); (2) Eocene inversion 499 (65Ma-45Ma); (3) main emplacement of thrust units and associated heat increase (40Ma to 500 8Ma); and (4) erosion (8Ma-present).501 502 First of all, the results of the forward models for each paleothermometric proxy, 503 demonstrate that model predictions and data may converge for a set of thermal histories (TH) 504 Page 12 of 30 Basin Research with maximal burial temperature (MBT) ranging from 60°C to 180°C. More specifically, 505 given the measured Ro%, ∆ 47 and % illite in I-S mixed layer for the three selected samples 506 (c.f. A1, B9 and C16 samples), the forward modeling results predict that: 507 508 TH1-TH2 (MBT between 60°C and 80°C) are the most likely scenarios suggested for 509 A1 sample (A domain) because these time-temperature paths are the only ones prone to 510 generate a substantial agreement between all the available paleothermometric data. As 511 discussed previously, sample A1 exhibits a T∆ 47 of 61±15°C suggesting a recrystallization 512 event under shallow burial temperatures, without any record of the successive solid-state 513 diffusion overprint. In this case, ∆ 47 thermometry only preserves a screenshot of punctual 514 recrystallization temperature and does not provide important information on the sample 515 thermal history. The weak maturity recorded for the A domain by vitrinite reflectance data 516 (Ro%: 0.45±0.05) correlated with a low %illite (:25±4%) in I-S mixed-layers, and is also in 517 good agreement with TH1-TH2 model prediction, suggesting that A1 sample likely 518 experienced maximum burial temperature in the range 60-80°C. 519 520 Following the same model predictions, it comes out that mid-scenarios TH3-TH4, 521 with MBT between 100 and 120°C, are the most susceptible scenarios to conjointly increase 522 the illite content in I-S (between 51 to 93 %illite) and vitrinite reflectance (between 0.55 to 523 0.67%), without providing sufficient activation energy to initiate ∆ 47 kinetic C-O bond 524 reordering. The paleothermometric data available for sample B9 (c.f., Ro%: 0.7±0.1; I% in I-525 S:48±9% and T∆ 47 :54±9°C) from the B domain agree perfectly with model predictions for 526 TH3-TH4. Therefore, sample B9 likely experienced maximal burial temperatures ranging 527 from 100 to 120°C. 528 529 Finally, sample C16 from the C domain exhibits T∆ 47 in excess of 120°C compared to 530 samples A1 and B9, a clear increase of vitrinite reflectance values (Ro% = 1.3±0.2) and a 531 near total illitization of I-S mixed layer (up to 90% illite). These data clearly indicate a 532 significantly higher level of thermal maturity in the C domain. First, ∆ 47 data in sample C16 533 have been previously interpreted as reflecting the attainment of ∆ 47 blocking temperatures 534 reached during the cooling stage (i.e. from 8Ma to present-day), that followed a complete re-535 equilibration of ∆ 47 compositions at maximal burial temperatures (see Fig.7.B for more 536 detail). ∆ 47 kinetic modeling results showed that only TH7 (maximal burial temperature 537 >180°C), or hotter scenarios, may provide sufficient activation energy to generate the 538 observed complete re-equilibration of ∆ 47 in C16 samples. This finding is a strong argument 539 in favor of maximum burial temperatures higher than 180°C in this area. Then, the available 540 Ro% values and the near complete illitization of I-S mixed layer observed in C16 sample, 541 also showing a substantial agreement with TH7 modeling predictions, conclusively point 542 toward a temperature regime with maximum temperature close to 180°C.

  Guided by the data-model comparisons presented on three representative samples of 545 the studied area, we provide quantitative information on paleotemperatures and, indirectly, on 546 sample burial and exhumation histories. In light of these results, it is clear that samples 547 Page 13 of 30 Basin Research collected from the same stratigraphic interval (Upper Cretaceous "sublithographic 548 limestones"), and from closed geographic areas, may have experienced very contrasting 549 thermal histories, with maximum burial temperatures varying from 60-80°C in the western 550 external domains (A and B), up to 180°C in the internal domain (C) of the studied area. These 551 heterogeneities in the paleothermal record may reflect significant changes in overburden, 552 induced by the emplacement of thrust-sheet units with variable thickness. Indeed, by 553 considering a regional geothermal gradient of 25±5 °C/km for the time encompassing tectonic 554 loading and exhumation (Schegg, 1992b), the paleothermometric data suggest that the 555 prealpine nappes, presently eroded, were 4-7 km and 1.3-2km thick in the eastern and western 556 domains, respectively. These results are consistent with previous estimation of Deville & 557 Sassi (2006) who calculated that more than 4-6 km of prealpine nappes was thrust in the 558 North-West of the studied area. However, we cannot rule out that the East to West increase in 559 paleotemperatures, recorded in this study, may also reflect an heat flow increase without 560 significant additional burial. The definition of the precise process causing this temperature 561 gradient is beyond the scope of this study and would require in-depth thermokinematic 562 modeling to be addressed.
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  isotope composition) used to reconstruct the thermal history of an Upper Cretaceous 568 limestone unit from the northern subalpine domain (Bauges and Bornes massifs, northern 569 French Alps) provided a coherent dataset showing the existence of a prograde diagenetic 570 gradient from West to East, notably due to the tectonic emplacement of the prealpine nappes. 571 Although the studied sediments correspond to micritic limestones, clay mineral diagenesis is 572 expressed, similarly to what is expected for argillaceous rocks, by the progressive illitization 573 of smectites. The degree of illitization makes it possible to identify three mineralogical zones 574 within the studied massifs: a western zone where sedimentary I-S R0 are preserved, 575 suggesting that the burial temperatures never exceeded 70°C; an intermediate zone marked by 576 the presence of I-S R1, indicating burial temperatures in the range 100-120 °C; and an eastern 577 zone marked by the presence of I-S R3, indicating temperatures in the order of 160 to 180°C. 578 Organic matter maturity data (from T max and Ro%) are consistent with the clay mineral 579 dataset, pointing at an immature organic matter in the western part of the subalpine massif and 580 a prograde increase of T max and Ro% values toward the East. The low ∆ 47 temperatures 581 recorded in micrite samples from the western area of the subalpine massifs are in excess of 582 ~20°C of plausible depositional temperatures, suggesting that micrite recrystallized at such 583 temperatures. However, in the eastern part of the massifs, four samples collected 30km apart, 584 exhibit ∆ 47 temperatures of ~180°C that is a clear evidence of a regional-scale solid-state re-585 ordering process, allowing to apply the newly developed Thermal History Reordering Model 586 (THRM; Henkes et al. 2014). Altogether, the paleothermometric data presented in this study, 587 combined with the results of forward thermal modeling, allow to propose thermal scenarios 588 suggesting that the thickness of the prealpine nappes was between 4 and 7 km and between 589 1.3 to 2 km in the inner and outer parts of the subalpine massifs, respectively.590 a range of geologically relevant temperatures. Geochim. Cosmochim. Acta, 208, 335-738 353.
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  . They are given Eight samples have been analyzed for their stable isotope composition. These samples 211 have been chosen as representative of each of the three studied areas (domain A, B and C of 212 figure 1), based on petrographic observations and clay mineralogy data that were acquired 213 prior to stable isotope measurements. The required amount of carbonate for replicate ∆ 47 214 measurements of the same sample (between 2 and 4 replicate analyses here; i.e., ~ 20 mg)
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	215	
	216	was collected with a dental drill on the same plugs used for petrophysical measurements and
	217	SEM characterization. Measurements of ∆ 47 composition of carbonate samples were
	218	performed at Institut de Physique du Globe de Paris (IPGP, Stable Isotopes Team) using a
	219	Thermo Scientific MAT 253 gas-source mass spectrometer. Carbon, oxygen and clumped
	220	isotopes data were simultaneously acquired on gaseous CO 2 released after reaction of ~ 5 mg
	221	of carbonate powder in 104% phosphoric acid at 90°C (20 min in a common acid bath). The
	222	methods used for carbonate digestion, CO 2 purification, mass spectrometric measurements
	223	and data correction and standardization follow the procedure detailed by Bonifacie et al.
		(2017) and Katz et al. (2017), and includes two kinds of standards : i) gaseous CO 2
	242	
	243	These relationships can be simulated through a mathematical (forward) model representing
	244	the time-temperature dependence of the employed paleothermometric technique over
	206 245	geological time. This approach gains a particular interest when different paleothermometers
	207 246	here in millidarcy (mD). are simultaneously employed, because each method acts with its own kinetic response to the
	208	inferred thermal history.
		δ δ δ δ 13 C, δ δ δ δ 18 O, ∆ ∆ ∆ ∆ 47 measurements

224

equilibrated at 25 and 1000°C and ii) homogenous carbonate powders (with a 1:1 ratio for 225 unknown samples/standards). 226 δ 18 O and δ 13 C of the carbonate samples are expressed in per mil with respect to the 227 VPDB standard. To guarantee the accuracy of the ∆ 47 data, we routinely analyzed two 228 carbonate reference materials (IPGP-Carrara marble and 102-GCAZ01b, also reported by 229 Dennis et al., 2011 and many other studies). The ∆ 47 values obtained for these carbonate 230 standards over the course of this study (July 2014-May 2016) are: ∆ 47 = 0.412 ± 0.016‰ 231 (1SD, n = 28) for IPGP-Carrara marble; ∆ 47 = 0.721 ± 0.020‰ (1SD, n = 21) for 102-GC-232 AZ01b. Finally, the corrected ∆ 47 values were converted into temperatures using the 233 composite ∆ 47 -T calibration determined for all carbonate minerals for the 0-300°C 234 temperature range (i.e., Eq. (3) from Bonifacie et al., 2017 that compiles 103 mean ∆ 47 data 235 from seven different laboratories and with proper error propagation, which is ∆ 47 = 0.0422 * 236 10 6 / T + 0.2182 in the 25 °C acid digestion frame). 237 Parameterization 238 Extracting thermal history information from kinetic paleothermometers is best treated 239 with a forward approach, meaning that from quantitative observations in a given sample, such 240 as a clumped isotope temperature or a vitrinite reflectance, we select preferred time-241 temperature history that would best reproduce all the measured paleothermometric data.

247 248

In this study, two distinct prograde thermal history paths, previously proposed by 249 Butler, (1991) were used as an initial scenario to drive the different kinetic models.

297 298 Micro-textural and petrophysical properties of the carbonate fraction

  

	299	
	300	
	301	SEM characterization of micrites microtexture revealed very comparable and
	302	homogeneous properties among all samples (Fig. 5). The micritic particles are essentially
	303	anhedral, compact, with fully coalescent, though distinct, contacts (Deville de Periere et al.,
	304	2011, Régnet et al 2014). A relevant crystallography parameter, defined as the median of the
	305	maximum 2D particle lengths measured on SEM photomicrographs, varies between 1.30 and
	306	1.45µm, and corresponds to fine micrites granulometry (0.5-2µm). Porosity and permeability
	307	measurements out of 58 samples exhibit very homogeneous values; i.e. porosity between
	308	0.40% and 1.36% and permeability lower than 0.0001mD. No significant geographic
		variation was detected, both in term of petrographic texture and petrophysical properties
	314	
	315	

309

(Table

1

). These results suggest that the carbonate fraction from the investigated sections is 310 not composed by differently sourced particles mixed together and did not experience 311 distinctive recrystallization events.

312 313

Stable isotope composition of micrites (δ δ δ δ 18 O carb /δ δ δ δ 13 C carb /∆ ∆ ∆ ∆ 47 )

  On the other hand, the ∆ 47 values found for domain A and B are compositions are averaged in the following discussion. The ∆ 47 values are distributed in two Table 1 also presents the oxygen isotopic compositions of the water (δ 18 O water ) in 347 equilibrium with the carbonate that can be calculated using both the T∆ 47 and the δ 18 O carb 348 values measured as well as the oxygen isotope fractionation between calcite and water from 349 Watkins et al. (2013). For samples of the A and B domains, the calculated δ 18 O water are

	345	
	346	
	360	
	361	
	362	Organic matter maturity
	363	

332

micrites from all investigated geographical domains, ∆ 47 values from carbonate samples from 333 the C domain are significantly different from the two other domains. The ∆ 47 values of the C 334 domain are averaging at 0.421±0.015‰ (n=4 samples and 11 analyses in total), which is 335 within the uncertainties on the ∆ 47 values found for calcite marbles (Bonifacie et al., 2013; see 336 for example Carrara marble analyzed as a standard in this study with ∆ 47 = 0.412±0.016‰, 337 1SD, n = 28 analyses). 343 clusters with corresponding temperatures averaging at 183±17°C for the C domain and 344 51±8°C for the A and B domains (

Table 1). 350 averaging at 1.7±1.2‰ (1 S.D.; n=4), i.e., enriched in 18 O compared to expected Late 351 Cretaceous seawater (δ 18 O water ~-1‰ ; Jenkyns et al. 1994). Contrastingly, for the C domain, 352 the calculated oxygen isotope composition of the fluid in equilibrium with the micrite samples 353 are way more enriched in 18 O, with δ 18 O water averaging at 17±1‰ (1 S.D.; n=4) -that is hard 354 to reconcile with known δ 18 O water of crustal fluids in carbonate settings (e.g., Karhaka et al.

355 2003). [It is noteworthy that Dassié et al. (2018) recently showed that δ 18 O water values directly 356 measured in fluid inclusions from diagenetic cements and the δ 18 O water independently 357 calculated from the ∆ 47 and δ 18 O carb data, within the same cements, agree within 1‰. These 358 findings demonstrate the viability of coupling ∆ 47 and δ 18 O carb for determining the δ 18 O water of 359 the mineralizing fluid, at least in absence of solid-state diffusion].

  It is noticeable that the observed δ 18 O carb composition of micrites are slightly depleted in 18 O

	Page 11 of 30	Basin Research
		Following the kinetic model of Henkes et al. 2013, such temperature conditions can lead to a
		fully-re-equilibration of ∆ 47 compositions.
	466	
	467	compared to carbonates precipitated in equilibrium with Late Cretaceous shallow seawater
	468	(see light grey box in Figure 5; Veizer et al. 1999). However, the micrite oxygen and carbon
	469	isotopic compositions are comparable to those observed in analogue deep-chalk sediments
	470	with similar facies (e.g. δ 18 O carb between -1.5 and -3‰ for Upper Cretaceous chalk deposits
		from different areas; Jenkyns et al. 1994 and Schiinfeld et al. 1991; black box in Figure

465
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reflectance (~0.7%) and T max (~437°C) pointing at moderate maturity . Altogether, clay

indistinguishable from each other (respectively of 0.615±0.025‰ and 0.623±0.015‰, n=2 339 samples for each domain, 11 analyses in total). Given the fact that the four samples collected massifs. The estimations of illite content in I-S mixed layers are highlighted with black dots when using the methods of Środoń (1980; 1984) and with red dots when using the method of 889 Inoue et al. (1989). Note how samples from a single stratigraphic interval, within in a small 890 geographic area, can be significantly differentiated based on their clay mineral assemblages 891 and illite content in the I-S mixed layers.

Micrite crystallometry ( μm)

Frequency Frequency

Particle shape : Anhedral-subhedral compact Contact : Coalescent Crystallometry : 1,45μm Ø : 0.56% ; K <0.001MDa

Particle shape : Anhedral-subhedral compact Contact : Coalescent Crystallometry : 1.31μm Ø : 1,07%., K <0.001MDa

Particle shape : Anhedral-subhedral compact Contact : Coalescent Crystallometry : 1.43μm Ø : 0.51% ; K <0.001MDa (5) Oxygen isotope compositions of the fluid in equilibrium with the carbonate calculated using T ∆47 and the fractionation factor of oxygen isotopes between calcite and water of Watkins et al. (2013).

(6) Vitrinite reflectance and Tmax values were measured by Gorin and Monteuil, 1990 in the overlying Cretaceous Wang Formation, and in the same or very close localities.

DOMAIN B DOMAIN C DOMAIN A

Organic matter-bearing Wang Formation (6) Stable isotope data Micrite particles (2) Petrophysical Illite content in I-S (1) Clay fraction (<5%) Carbonated fraction (>95%)
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