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ABSTRACT

Sediment supply variations are often overlooked when interpreting depositional sequences, which tend to emphasize
changes in accommodation. Here, we focus on a temporally well-constrained shallow-marine succession in the South
Pyrenean Foreland Basin to test the control of sediment supply on the development of deltaic sequences during the Early
Eocene. We analyzed the paleoenvironmental record (sedimentary facies and 613C0rg values) of the Morillo Limestone
and the Castigaleu Formation (52.2 to 50.3 Ma). During this period, a series of hyperthermal events occurred, globally
recorded as negative carbon isotopic excursions (CIEs). The major progradation of the deltaic system is marked by
the abrupt appearance of thick delta-front sandstones and coincides with the first recorded negative CIE. Subsequent
phases of progradation/aggradation align with subsequent negative CIEs. Conversely, positive CIEs correspond to finer-
grained, more distal prodelta and offshore deposits. We therefore suggest that during deposition of this Early Eocene
shallow-marine succession, the primary trigger behind sequence generation was the high-frequency climate-induced
variation in sediment supply, specifically the hyperthermal events, rather than changes in accommodation. This linkage
underscores the complex interactions between climate dynamics and sedimentary responses, shaping the stratigraphic
architecture of shallow-marine settings.

INTRODUCTION

Accommodation changes (8A) are often emphasized as
the dominant control of depositional sequences (Burgess,
2016). However, according to sequence stratigraphic prin-
ciples, sediment supply variations (8S) can also generate
sequences (Jervey, 1988; Schlager, 1993; Muto and Steel,
1997; Burgess and Prince, 2015; Zhang et al.,, 2019).
Accommodationisinfluenced by factors such as subsidence,
tectonic activity, sea-level fluctuations, and sediment com-
paction (Jervey, 1988), which are more easily measured
and analyzed than sediment supply budgets and variations
(Allen et al., 2013). In addition, &S integrates a wide range
of complex factors, including sediment fluxes from rivers,
sediment transport processes, and local sediment sources,
all exhibiting considerable temporal and spatial variability
linked to climate conditions and fluctuations (Catuneanu

et al.,, 2009). Disentangling the influence of dA and S
on the origin of stratigraphic sequences, therefore poses
significant challenges in interpretation, mainly due to the
non-unique control of the resulting stratigraphic pattern
(Burgess and Prince, 2015).

Here, we analyzed paleoenvironmental variations
recorded in an Early Eocene shallow-marine succession
of the South Pyrenean Foreland Basin (SPFB) (Fig. 1) to
investigate whether sediment supply can be a dominant
factor generating deltaic sequences. The Early Eocene
Climate Optimum (EECO; 53.26 to 49.14 Ma) was charac-
terized by a hothouse climate with high atmospheric CO,
concentrations, elevated temperatures, and ice-free poles
(e.g., Westerhold et al., 2020). Additionally, the EECO was
marked by several hyperthermal events involving abrupt
and substantial releases of isotopically depleted carbon
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Figure 1. A) Map of the study area near Navarri, Spain. The red line indicates the section logged along the Rio Esera. B) Chronostratigraphic
diagram of the Tremp-Graus Basin during the Paleocene-Eocene epochs (after Chanvry et al., 2018 and references therein). The studied interval is
shown in orange. n: normal. r: reversed. C) Simplified reconstruction of the Pyrenean area during the Early-Middle Eocene (after Payros et al., 2009;

Castelltort et al., 2017).

into the ocean-atmosphere system. Hyperthermal events
are evidenced by distinctive negative carbon isotope
excursions (CIEs) observed globally in sedimentary
records (Westerhold et al., 2020). By analogy with the
Paleocene-Eocene Thermal Maximum (PETM) (Foreman
et al., 2012; Chen et al., 2018; Vimpere et al., 2023) and
the Middle Eocene Climate Optimum (MECQO) (Peris Cabré
et al., 2023), which are warming events showing increas-
ing clastic sediment delivery to the ocean, therefore we
anticipate similar sedimentary responses during the EECO.
The combination of limited eustatic variability and possible
high sediment supply variability creates favorable condi-
tions to assess the role of sediment supply as a driver for
stratigraphic sequences.

GEOLOGICAL SETTING

The Pyrenees (Fig. 1) formed as a result of the collision
and subsequent subduction of the Iberian plate under the
Eurasian plate (Ford et al., 2022). This orogeny took place
from the late Cretaceous to the early Miocene, leading
to the development of south-directed thrust sheets and
duplex structures, including the Axial Zone and the South
Pyrenean Central Unit (SPCU) (Mufioz, 1992). The major
thrusts constituting the SPCU are the Bdixols, Montsec, and
Serres Marginals, which detached in Triassic evaporite-rich
levels (Puigdefabregas and Souquet, 1986). From north to
south, the Bdixols, Montsec, and Serres Marginals thrusts
have led to the development of piggyback depocenters
consisting of Mesozoic and Cenozoic deposits, namely,
the Organya, Tremp-Graus, and Ager basins (Mufioz et
al.,, 2013), which collectively form the SPFB. The Early
Eocene Morillo Limestone and the Castigaleu Formation
(Fig. 1A, B) deposited within the Tremp-Graus Basin (Fig.
1C) and were the focus of this study. The chronostrati-
graphic framework for these stratigraphic units along the
study area was previously established via magneto- and
biostratigraphy (Bentham and Burbank, 1996).

METHODS

A 643.5 m thick stratigraphic section along the Rio Esera
near Navarri (Spain) was logged and sampled (n=293)
(Figs. 1-3). Stratal thicknesses were measured and a
description was made of bed geometries, bounding con-
tacts, grain size, sedimentary structures, ichnology and
fossils (Figs. 2 and 3). Samples were collected in sandstone
and mudstone 50 cm below the surface, cleaned, dried,
and crushed. The organic carbon isotopic ratio (613C0rg, %0
VPDB) was measured on decarbonated samples using an
elemental analyzer (Carlo Erba 1108 EA) coupled with an
isotope ratio mass spectrometer (Thermo Fisher Scientific
Delta V Plus) at the Institute of Earth Surface Dynamics of
the University of Lausanne (UNIL), following the protocol
described in Spangenberg (2016). 613COrg values were used
to generate a local climate record comparable to global ref-
erence curves rather than 8C_, values, which may have
been affected by diagenetic and lithological effects, and
because global trends in C,  mimic those of 3°C_,, as
previously demonstrated (McCarren et al., 2008; Khozyem
et al.,, 2013). Whole-rock organic matter was analyzed
using a Rock-Eval 6 (calibrated with IFP 160000 standard)
at the Institute of Earth Sciences (UNIL) (Espitalie et al.,
1985). The Rock-Eval pyrolysis allows determining the
hydrogen and oxygen indices (HI, OI), T__, and the total
organic carbon (TOC) content. "°C_ and Rock-Eval results
are provided as Supplemental Material'.

DEPOSITIONAL SETTINGS AND GEOCHEMISTRY

In the lower part of the studied section, bioclast-rich
limestone beds (containing benthic foraminifera, oysters,
and echinoderms) with a packstone to wackestone texture
constitute the Morillo Limestone and also occur sporadically
up section within the Castigaleu Formation (Figs. 2A and
3). These limestone beds record deposition in mid-ramp
platform environments (Chanvry et al., 2018). On top of
these, a large-scale coarsening-upward trend is observed,
marking the transition to the Castigaleu Formation (Figs.
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Figure 2. A) The transition from the Morillo Limestone to the Castigaleu Formation. B) Fine-grained, hummocky cross-stratified sandstone interbedded

within a massive to laminated mudstone interval. C) Fine-grained, cross-bedded sandstone exhibiting single and double mud drapes on foresets
and symmetrical cross-lamination are also present. D) Fine-grained, low-angle trough cross-bedded sandstone, with mud drapes on foresets. E)
Thalassinoides (Th) traces within a massive silty mudstone. F) Large oblique Ophiomorpha (O) traces within fine-grained cross-bedded sandstones.
G) Skolithos (Sk) and Ophiomorpha (O) traces within a massive to laminated medium-grained sandstone. H) Accumulation of benthic foraminifera,
predominantly comprising Nummulites and Alveolina. 1) The middle part of the section illustrates the recurrent alternation between cross-stratified
sandstones and massive to laminated mudstones. J) Overview of the upper part of the studied section.
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2A and 3). A progressive increase in cross-bedded sand-
stones interbedded with laminated to massive mudstones
characterizes this transition (Figs. 2A-E and 3). Sandstone
beds have sharp bases and occasionally show hummocky
cross-stratification (Fig. 2D) but are predominantly massive
or trough cross-stratified with single or double mud drapes
on the foresets (Fig. 2D, C). Wood debris was also found.
Bioturbation in sandstones and mudstones is sparse (Figs.
2F-H). Meter-thick massive to laminated mudstones fre-
quently occurred and occasionally recorded accumulations
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Figure 3. Stratigraphic log of the studied section along the Rio Esera with corresponding &"°C,,
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2011). The observed excursions towards more negative §'°C values

are consistently linked with progradation/aggradation trends. Letters in yellow boxes denote hyperthermal events sensu Westerhold et al. (2020).
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(Chanvry et al.,, 2018). Shallowing-upward trends are
interpreted as progradation/aggradation sequences, while
deepening-upward trends are considered retrogradation
sequences, and are observed at different scales (Fig. 3)
(Catuneanu et al., 2009; Chanvry et al., 2018).

The 613COrg values range from —28.7 to —19.4%o, depicting
several negative and positive CIEs at various scales (Fig.
3). TOC contents are relatively low, ranging from 0.02 to
1.49 wt%. Samples with TOC > 0.2 wt% have HI, OI, and
T ., values spanning from 0 to 126.1 mg HC g* TOC, 21.3
to 236.1 mg CO, g* TOC, and 401.8 to 492°C, respectively
(Supplemental Material). These values suggest that the
organic matter present in the strata is terrestrially-domi-
nated and mostly thermally immature to mature, limiting

diagenetic overprint (Espitalie et al., 1985).

The statistical comparison of the 6*°C_  with TOC (Pearson
correlation coefficient, r = -0.25), HI (r = 0.11), OI (r =
0.18),and T, (r = -0.09) values, suggests no covariance
among the data (Supplemental Material). The absence
of correlation among the data indicates that the 613Corg
profile is little influenced by potential lithological/source
effects and likely largely reflects changes in the 3“C
composition of the atmosphere. The 6*°C_ trends persist
even when considering only data from mudstone samples
(Supplemental Material). Relying on the correspondences
of magnetozones (c23n.2r, c23n.2n, c23n.1n, c22r; Fig. 3)
between Bentham and Burbank (1996) and Westerhold et
al. (2020), a tentative correlation between the measured
0"C,, and coeval 3“C_, and 3O, reference records
(Westerhold et al.,, 2020) are proposed (Fig. 3). This
correlation allows us to estimate that the studied interval
spans from ca. 52.2 to 50.6 Ma, covers a duration of ca.
1.6 Myr, and suggests a sedimentation rates of ca. 40
cm kyrt. The hyperthermal events M, N, O, P, Q, and R
(Westerhold et al., 2020) occurred during this time interval

(Fig. 3).
DISCUSSION AND CONCLUSION

The correspondence between the magnetozones allows
to establish a correlation between the measured 8"C,
and the 8“°C_, reference record (Fig. 3), albeit with some
discrepancies. Based on their stratigraphic positions and
patterns, several negative CIEs are identified and associ-
ated with hyperthermal events (M, N, O, P; Fig. 3). These
correlations are excellent, despite deltas being prone to
erosion, reworking, and variable sediment discharge,
which can lead to hiatuses or time-dilated intervals in
the stratigraphy. These autogenic deltaic processes could
explain the position of negative CIEs recorded in 6"°C_,
either at the onset or the end of progradation and justify
why 6©°C_ can exhibit discrepancies compared to 6*°C_
without the need to infer an allogenic influence (Fig.
3). Furthermore, the differences in amplitude between
the CIEs in 6"°C_ and 6*°C_ may be attributed to local
climate effects related to precipitation patterns that could
distort the terrestrially-dominated E')13COrg profile (Kohn,
2010). However, the exact origin of these discrepancies
between 6*°C_ and 6*°C_, falls beyond the scope of this

carb

study, and shifts toward negative 3“°C,  remain associated
with progradation/aggradation trends (Fig. 3).

During the Castigaleu Formation and coeval strata
deposition, the SPFB evidences a continuous subsidence
rate (Whitchurch et al.,, 2011; Chanvry et al.,, 2018),
thus creating accommodation. Furthermore, ice-free
conditions prevailed during the EECO (Westerhold et al.,
2020) limiting the influence of sea level variations on the
sedimentary system. Despite the anticipated retrograda-
tion trend due to the increased accommodation (Jervey,
1988; Catuneanu et al., 2009; Neal and Abreu, 2009), the
paleoenvironmental record of the Castigaleu Formation
depicts contrasting trends (Fig. 3). Retrogradation and
progradation trends are recorded (at both large and small
scales), and consistently correlate with positive and neg-
ative CIEs, respectively (Fig. 3). The negative CIEs also
align with maximum in eccentricity, which tend to intensify
seasonal variations, enhancing hydrological cycles and
the likelihood of extreme weather events, and vice versa
(Walters et al.,, 2023). The retrogradation-progradation
trends identified in this study are recorded in coeval strata
along a depositional dip section (Chanvry et al., 2018).
This regional correlation rules out the possibility that
retrogradation-progradation trends result from autogenic
deltaic processes.

The negative CIEs (Fig. 3), indicative of hyperthermal
events during the EECO — similar to the PETM and the
MECO — were linked to rapid increases in temperature that
intensified precipitation and potentially triggered erosion
and chemical weathering on land (Zachos et al., 2008).
The hyperthermal events during the EECO could have
enhanced hydrological cycles on land, increasing clastic
sediment delivery to the ocean (t0, t2; Fig. 4). Negative
CIEs occur in progradation/aggradation and suggest that
OA < 0S (Fig. 4). Conversely, cooler intervals recorded by
positive CIEs would have inhibited the hydrological cycle
in the hinterland, decreasing clastic sediment flux into the
basin and promoting fluvial aggradation. Coupled with
continuous subsidence, the 0A > &S (t1; Fig. 4) led to the
retrogradation of the system. This limited sediment flux
into the basin explained the accumulation of carbonate-rich
levels during retrogradation, reflecting reciprocal sedimen-
tation sensu Zecchin and Catuneanu (2017). The record
of these pulses of sediment supply is compatible with
numerical simulation results indicating that sedimentary
basins are more sensitive to short-term climate-induced
0S rather than long-term tectonically-induced &S (Simpson
and Castelltort, 2012). Furthermore, it is probable that the
relatively short transfer zones in the SPFB (Fig. 1C) favored
the direct source-to-sink transfer of sediment (Castelltort
and Van Den Driessche, 2003; Vaucher et al., 2021).

In conclusion, our study of Early Eocene deltaic environ-
ments in the SPFB sheds light on the &S as a major control
on sequence generation. This study, therefore, contributes
to the broader understanding of the profound impact of
climate change on shallow-marine systems, demonstrat-
ing the importance of considering sediment supply in the
interpretation of depositional sequences.
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Figure 4. Conceptual model of supply-driven delta sequences during the Early Eocene in the South Pyrenean Foreland Basin. The studied section
is marked as A. Stage t0 starts at the end of a hyperthermal event. Stage t1 is a phase of restricted sediment influx into the basin, manifested by
the retrogradation of delta system, which favors the accumulation of carbonate layers in the basin. The siliciclastic sediment flux decreased as
consequence of an inhibited hydrological cycle, resulting in the accumulation of sediment upstream. Stage t2 corresponds to a period characterized

by a hyperthermal event that amplifies supply to the basin, resulting in a progradation/aggradation of the delta system.
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Two figures (Figures S1 and S2) and one table (Table S1) providing additional information about the stratigraphic log, including Rock-Eval pyrolysis
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Figure S1. Stratigraphic log of the 643.5 m thick studied section along the Rio Esera. The magnetozones are from Bentham and Burbank (1996).
The sample positions, the main sedimentary structures, and the main depositional sequences are shown. The 6*°C_ , the total organic carbon (TOC),
the hydrogen index (HI), the oxygen index (Ol), the T__ and the carbonate values are displayed. The cS‘S'COrg for the mudstone samples are plotted
against the 6™C_ for all samples and show similar trends, underlining no lithological effects on the 6*°C_ signals. |
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Figure S2. A) Hydrogen index (HI) versus oxygen index (Ol) plot suggests that the organic matter is mostly of terrestrial origin (Type Ill). B) HI

versus T

max

plot show that organic matter preserved in the strata belong mostly to the immature zone and slightly to the mature zone, and point to

low diagenetic effect. C) HI versus 6™C_ plot and D) Ol versus 6°C_ plot show no covariance. Careful consideration should be taken for HI and

Ol data showing TOC < 0.2 wt%.
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Table S1. Rio Esera section stable isotope of total organic carbon (6™C,,,) and Rock-Eval data.

sample Position 5"Corg TOC HI ol Tmax Carbonate

(m) [%. VPDB] [w%] [mg HC/g TOC] | [mg CO,/g TOC] [°C] [w%]
RV1 0.00 -22.27 0.12 112.04 188.78 425.00 54.26
RV2 1.00 -22.81 0.06 72.86 332.47 422.00 60.09
RV3 2.00 -23.53 0.08 112.10 295.57 426.00 63.68
RV4 3.00 -23.07 0.09 91.71 251.11 419.00 56.40
RV5 4.00 -23.02 0.09 96.20 253.65 420.00 59.54
RV6 5.00 -22.39 0.12 117.77 291.76 424.00 59.30
RV7 6.00 -22.27 0.10 82.36 206.72 421.00 63.89
RV8 7.00 -22.97 0.10 125.40 181.21 425.00 57.57
RV9 8.00 -23.55 0.05 119.07 199.23 424.00 61.15
RV10 9.00 -23.45 0.06 65.80 255.25 426.00 56.61
RV11 12.50 -23.78 0.02 44.26 72712 492.00 57.20
RV12 13.50 -23.54 0.05 85.17 408.13 431.00 60.69
RV13 17.50 -22.90 0.14 50.00 241.21 443.00 33.81
RV14 30.50 -23.64 0.23 85.93 125.48 426.00 44.34
RV15 99.00 -26.37 0.28 60.35 90.72 430.00 37.04
RV16 100.50 -26.21 0.29 45.76 134.94 433.00 34.31
RV17 102.00 -26.44 0.26 46.45 166.04 439.00 32.04
RV18 103.50 -26.29 0.20 64.24 121.77 439.00 37.66
RV19 104.50 -26.43 0.21 47.97 118.21 431.00 38.71
RV20 105.25 -26.55 0.20 5.08 194.72 492.00 33.38
RV21 106.00 -26.52 0.24 12.82 156.03 492.00 35.94
RV22 106.75 -26.36 0.19 10.68 126.73 492.00 35.98
RV23 108.50 -26.66 0.28 3.60 124.75 492.00 33.39
RV24 109.25 -26.46 0.23 0.00 135.16 491.00 35.41
RV25 114.25 -26.45 0.30 3.33 103.20 492.00 34.85
RV26 116.50 -26.58 0.31 0.00 130.08 492.00 30.71
RV27 117.50 -26.63 0.21 4.69 192.82 492.00 26.44
RV28 118.50 -26.38 0.30 3.33 103.20 492.00 34.85
RV29 119.50 -26.09 0.26 43.47 207.43 444.07 33.03
RV30 122.50 -26.35 0.29 50.37 101.06 436.13 33.40
RV31 123.50 -26.32 0.29 46.41 106.88 436.20 36.01
RV32 124.50 -26.52 0.31 61.98 71.11 439.26 34.98
RV33 125.50 -26.27 0.30 57.37 119.68 439.33 34.22
RV34 129.50 -25.83 0.16 25.64 262.61 444.39 29.73
RV35 131.25 -25.81 0.39 44.49 78.72 440.46 31.40
RV36 135.00 -26.65 0.37 54.65 84.79 434.52 34.86
RV37 136.00 -27.27 0.18 44.12 146.12 449.59 37.49
RV38 137.25 -27.15 0.12 34.38 157.28 436.65 46.39
RV39 138.00 -26.83 0.31 68.98 60.17 431.72 36.50
RV40 139.00 -26.45 0.28 66.50 84.69 433.78 36.32
RV41 140.75 -26.39 0.26 46.21 81.31 432.85 33.46
RV42 141.75 -26.88 0.08 51.12 117.47 431.91 43.00
RV43 142.75 -27.16 0.30 67.65 74.71 429.98 34.41
RV44 143.50 -27.37 0.06 51.73 317.75 440.04 46.60
RV45 148.00 -27.59 0.04 47.03 412.17 452.11 49.67
RV46 158.75 -26.99 0.04 46.56 258.04 446.17 38.37
RV47 161.50 -26.61 0.09 112.82 292.12 442.24 40.85
RV48 171.00 -26.35 0.18 66.19 81.72 426.30 56.69
RV49 172.25 -25.49 0.07 59.58 345.20 439.37 71.42
RV50 173.00 -25.59 0.24 66.55 92.64 428.43 46.10
RV51 174.00 -25.97 0.12 76.63 134.51 426.50 63.51
RV52 175.00 -25.69 0.11 62.18 223.15 421.57 68.92
RV53 177.50 -25.99 0.23 56.81 73.26 426.63 31.95
RV54 181.00 -26.13 0.26 68.68 71.17 430.70 32.02
RV55 182.50 -26.16 0.33 58.32 51.59 429.76 30.53
RV56 184.50 -26.01 0.09 54.63 102.15 432.83 46.83
RV57 185.50 -25.69 0.26 56.73 56.64 426.89 31.65
RV58 186.60 -25.78 0.06 18.08 474.33 385.96 48.82
RV59 187.00 -25.11 0.19 47.95 186.55 449.04 35.92
RV60 187.75 -24.72 0.10 38.64 267.66 403.17 44.34
RV61 188.30 -24.34 0.15 68.27 151.71 422.30 57.24
RV62 189.00 -25.24 0.07 75.96 225.61 433.43 56.88
RV63 189.75 -24.76 0.07 80.93 376.48 448.57 48.10
RV64 190.00 -24.57 0.13 55.19 176.46 444.70 40.96
RV65 190.50 -24.37 0.20 61.06 114.17 430.83 40.29
RV66 198.00 -25.31 0.27 51.58 127.76 434.96 34.54
RV67 200.50 -24.68 0.23 43.00 145.41 438.09 40.98
RV68 202.00 -24.73 0.24 52.85 111.02 431.22 34.73
RV69 203.50 -25.09 0.22 50.30 120.87 438.35 43.00
RV70 206.50 -26.41 0.12 41.99 294.06 450.48 41.09
RV72 207.75 -26.60 0.07 60.55 516.91 457.61 61.08
RV73 208.75 -26.53 0.11 72.26 386.50 412.74 36.10
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RV74 209.50 -26.43 0.14 50.13 314.05 445.87 32.47
RV75 209.60 -26.52 0.30 43.96 154.31 426.00 32.08
RV76 213.00 -26.68 0.26 65.86 190.94 426.00 35.69
RV77 216.00 -26.67 0.30 60.49 147.22 427.00 34.20
RV78 217.50 -26.37 0.23 52.20 222.32 441.00 30.94
RV79 219.00 -26.04 0.15 75.16 224.50 453.00 42.09
RV80 220.50 -25.75 0.18 45.41 274.56 455.00 39.84
RV81 221.50 -25.59 0.26 61.96 186.04 439.98 38.24
RV82 223.50 -25.49 0.25 63.70 97.58 434.96 38.22
RV83 224.50 -24.84 0.45 65.23 100.50 438.93 45.07
RV84 225.50 -26.16 0.21 60.03 117.68 424.91 29.57
RV85 227.50 -26.23 0.22 53.75 207.33 439.89 30.41
RV86 231.50 -27.36 0.11 65.46 282.87 421.87 47.35
RV87 233.50 -25.73 0.19 51.23 125.99 435.85 39.68
RV88 234.50 -25.37 0.17 63.24 206.78 434.83 45.99
RV89 238.30 -25.67 0.34 50.04 161.40 450.52 33.78
RV90 239.40 -25.80 0.41 63.29 84.04 431.43 33.02
RV91 241.50 -28.69 0.05 60.82 511.33 468.41 30.53
RV92 243.25 -27.33 0.20 50.45 141.51 428.39 27.64
RV93 245.50 -27.24 0.05 44.21 475.86 441.37 48.59
RV94 247.25 -25.74 0.37 70.02 78.21 433.35 42.13
RV95 250.00 -26.73 0.09 55.95 320.44 426.65 51.07
RV96 251.50 -25.33 0.35 53.93 91.96 436.61 30.81
RV97 252.50 -26.40 0.07 104.03 358.38 354.57 34.60
RV98 253.70 -25.84 0.20 58.70 120.46 433.80 35.91
RV99 255.50 -26.82 0.21 71.46 72.25 434.78 29.90
RV100 258.00 -26.78 0.04 126.46 287.87 436.76 47.87
RV101 259.00 -26.34 0.07 86.25 163.72 460.74 31.74
RV102 260.50 -26.02 0.08 88.64 264.58 434.72 31.74
RV103 262.00 -26.65 0.04 49.33 234.40 404.70 51.28
RV104 264.00 -27.18 0.33 69.97 72.24 430.89 32.71
RV105 265.50 -26.23 0.36 7217 81.20 433.87 31.11
RV107 268.00 -25.86 0.36 62.68 79.89 438.83 34.26
RV108 269.00 -22.13 0.07 90.61 290.83 438.80 35.98
RV109 270.00 -24.59 0.09 68.31 313.56 438.78 47.43
RV110 271.00 -22.80 0.08 65.80 338.65 416.76 36.47
RV111 273.00 -26.42 0.62 94.26 186.66 436.74 34.16
RV112 275.00 -26.07 0.51 65.63 58.66 435.72 39.38
RV113 276.75 -23.64 0.09 53.62 197.73 441.70 54.54
RV114 278.50 -23.23 0.05 59.37 602.63 463.67 44.90
RV115 284.00 -25.19 0.32 65.06 82.99 427.65 36.40
RV116 285.50 -23.01 0.08 132.00 451.60 413.63 44.53
RV117 287.00 -19.96 0.06 84.09 451.42 426.61 44.49
RV118 288.20 -21.24 0.07 69.06 281.53 427.59 60.28
RV119 289.50 -24.07 0.24 71.18 163.11 432.57 29.66
RV120 291.00 -21.07 0.04 74.28 459.73 476.54 47.20
RV121 293.20 -23.64 0.05 76.94 411.15 462.52 51.77
RV122 300.00 -25.69 0.07 123.56 676.91 453.50 34.36
RV124 306.50 -23.88 0.22 53.62 224.93 451.46 30.34
RV125 312.00 -20.47 0.05 81.45 464.74 430.67 54.27
RV126 315.50 -21.64 0.08 37.73 287.24 457.65 44.31
RV127 317.75 -22.75 0.25 62.89 116.04 436.63 43.14
RV128 319.00 -20.87 0.04 98.11 303.86 390.61 43.38
RV130 322.75 -24.22 0.45 44.60 178.64 447.59 34.77
RV131 323.25 -21.60 0.09 73.33 199.93 424.57 43.51
RV132 325.00 -24.08 0.21 71.15 104.17 427.54 61.99
RV133 326.10 -24.79 0.10 29.45 178.18 425.52 58.30
RV134 328.40 -23.27 0.07 28.19 202.11 426.50 56.81
RV135 335.75 -20.20 0.07 80.27 601.57 459.48 50.98
RV136 338.00 -25.54 0.25 63.57 87.49 432.46 38.70
RV137 340.50 -23.97 0.06 87.54 150.96 437.43 44.00
RV138 342.25 -23.41 0.09 57.24 120.72 391.41 49.61
RV139 344.25 -21.35 0.11 55.06 202.45 430.39 45.94
RV140 345.00 -25.20 0.50 59.32 43.65 434.37 40.23
RV142 348.75 -25.14 0.04 159.69 379.93 433.65 56.18
RV144 351.50 -24.10 0.07 133.70 311.86 429.57 32.25
RV145 352.50 -21.22 0.06 80.95 232.03 435.52 50.16
RV146 353.10 -24.29 0.69 73.75 35.97 427.48 24.38
RV147 353.75 -22.95 0.23 61.96 89.03 435.43 46.96
RV148 354.50 -24.01 0.30 85.59 53.68 432.39 36.91
RV149 355.50 -20.74 0.06 78.56 196.21 381.35 49.17
RV150 356.50 -20.71 0.08 60.38 127.77 418.30 49.59
RV151 357.45 -23.64 0.21 56.88 77.60 438.26 52.66
RV152 358.45 -21.44 0.09 31.90 123.03 420.22 60.02
RV153 359.50 -23.69 0.26 61.76 104.35 427.17 35.27

Vaucher et al. — Preprint | 11



RV154 360.50 -23.22 0.32 41.06 45.81 427.13 38.77
RV155 362.00 -22.25 0.12 40.03 156.59 431.48 53.76
RV156 362.75 -24.07 0.29 51.91 74.28 428.43 39.41
RV157 363.50 -24.60 0.84 91.42 34.42 434.39 34.94
RV158 363.90 -25.01 1.49 114.32 21.30 430.35 30.27
RV159 364.20 -24 .17 0.17 64.49 176.12 434.30 45.84
RV160 365.00 -24.75 0.74 36.21 51.72 435.26 38.00
RV161 365.50 -25.33 0.15 74.72 435.37 421.22 55.74
RV162 366.20 -23.44 0.18 50.67 127.60 433.17 58.19
RV163 368.00 -23.25 0.27 66.52 62.94 430.13 35.06
RV164 370.00 -24.41 0.34 59.21 47.71 427.09 31.11
RV165 374.00 -23.46 0.08 71.97 432.98 431.04 45.86
RV166 376.75 -22.64 0.11 54.44 149.31 427.09 36.86
RV167 378.20 -23.07 0.20 55.84 83.65 428.04 36.87
RV168 379.75 -24.71 0.31 69.67 87.02 432.04 38.26
RV169 380.10 -22.96 0.15 59.21 118.07 428.09 57.79
RV170 380.50 -23.75 0.18 54.11 79.88 429.13 40.41
RV171 381.50 -24.90 0.25 61.73 60.95 428.17 37.04
RV172 382.50 -24.49 0.22 62.09 51.32 428.22 36.97
RV173 383.90 -23.26 0.14 56.10 73.68 430.26 41.61
RV174 384.50 -22.86 0.22 57.98 60.84 428.30 33.93
RV175 385.50 -22.56 0.18 64.01 95.06 435.35 60.10
RV176 385.75 -25.11 0.42 64.94 60.70 435.39 43.72
RV177 386.30 -24.85 0.17 52.03 145.10 432.43 61.35
RV178 387.25 -24.37 0.17 76.42 92.10 425.48 52.94
RV179 388.50 -25.84 0.04 74.02 283.13 374.52 29.62
RV180 390.00 -24.02 0.13 68.54 134.91 431.57 42.72
RV181 396.50 -24.61 0.27 47.35 68.23 427.61 36.46
RV182 397.25 -24.46 0.10 66.76 228.02 421.65 51.94
RV183 397.50 -23.94 0.21 41.06 75.78 423.70 40.91
RV184 398.75 -25.77 0.42 59.95 59.78 430.74 40.60
RV185 399.50 -26.44 0.23 54.37 69.32 431.78 42.26
RV186 400.25 -25.99 0.28 65.25 81.72 401.83 43.03
RV187 400.75 -25.48 0.08 82.68 280.72 366.87 57.85
RV188 401.50 -25.67 0.26 63.40 76.98 434.91 39.64
RV189 402.25 -24.59 0.18 76.24 202.08 422.96 43.69
RV190 403.25 -24.80 0.05 75.25 290.54 387.00 46.08
RV191 403.75 -24.85 0.05 64.20 242.10 400.04 44.37
RV192 404.75 -24.59 0.30 75.70 94.65 434.09 47.80
RV193 405.50 -25.09 0.33 61.95 63.56 426.13 26.88
RV194 406.00 -24.46 0.04 227.85 544.76 400.17 58.56
RV195 407.50 -25.17 0.02 162.71 388.55 503.22 57.05
RV196 409.00 -24.14 0.08 50.62 311.11 420.96 64.88
RV197 410.50 -24.61 0.31 89.21 66.79 426.93 31.20
RV198 411.25 -24.53 0.25 70.77 89.68 429.91 34.97
RV199 411.75 -25.21 0.14 55.57 129.79 421.57 55.08
RV200 413.50 -24.72 0.46 65.68 54.52 430.61 34.84
RV201 415.00 -25.39 0.27 75.67 70.64 428.65 28.60
RV202 416.00 -24.97 0.35 65.36 50.52 429.70 35.17
RV203 416.20 -24.90 0.17 59.10 105.04 429.74 47.79
RV204 416.75 -25.29 0.05 44.62 336.86 424.78 56.40
RV205 417.50 -25.41 0.38 64.23 57.04 426.83 31.89
RV206 418.20 -25.12 0.39 82.06 43.25 429.87 33.29
RV207 418.30 -25.14 0.47 83.59 64.67 428.91 38.40
RV208 419.00 -25.62 0.40 76.43 63.29 434.96 54.77
RV209 420.00 -26.03 0.38 76.23 102.80 430.98 37.44
RV210 420.90 -25.96 0.14 96.22 118.56 429.52 49.47
RV211 421.75 -25.70 0.36 64.52 74.88 427.54 37.15
RV212 422.75 -25.95 0.30 46.81 74.37 428.57 35.91
RV213 423.25 -26.10 0.35 51.63 63.78 427.59 34.12
RV214 423.75 -26.23 0.23 71.39 138.90 423.61 49.38
RV215 424.50 -26.36 0.23 82.34 88.63 425.63 40.76
RV216 425.50 -26.64 0.31 75.39 61.20 427.65 31.18
RV217 426.50 -26.91 0.26 66.65 73.36 427.35 37.35
RV218 426.50 -26.61 0.58 68.60 35.14 433.39 35.91
RV219 427.25 -26.68 0.49 63.35 43.68 430.43 30.69
RV220 427.50 -26.52 0.32 72.76 59.14 427.48 36.12
RV221 428.25 -26.15 1.28 86.30 32.12 433.52 30.17
RV222 428.75 -26.58 0.54 77.86 49.67 430.02 39.87
RV223 429.50 -26.07 0.08 82.70 200.47 431.04 53.06
RV224 430.25 -26.62 0.28 64.34 60.64 426.07 31.28
RV225 431.00 -27.55 0.11 101.54 313.16 411.09 36.56
RV226 431.50 -26.87 0.33 72.25 45.68 429.11 32.63
RV227 432.50 -26.87 0.23 85.08 53.15 426.13 50.09
RV228 433.50 -26.28 0.53 78.41 44.98 431.15 47.76
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RV229 435.00 -22.17 0.23 73.71 112.18 423.17 62.84
RV230 436.50 -23.82 0.11 98.95 200.62 421.20 60.62
RV231 438.20 -24.96 0.28 83.34 77.56 424.22 38.84
RV232 438.50 -25.65 0.05 91.03 227.29 424.24 72.16
RV233 441.00 -25.56 0.46 74.02 42.71 426.26 29.79
RV234 442.00 -25.44 0.11 96.99 117.90 433.28 54.08
RV235 444.00 -26.08 0.21 59.66 75.05 423.26 34.80
RV236 445.25 -25.90 0.19 56.58 99.78 426.30 39.80
RV237 446.25 -25.65 0.24 59.78 57.93 420.70 37.17
RV238 446.75 -24.75 0.07 42.37 453.48 368.78 90.92
RV239 446.85 -25.85 0.23 73.26 75.70 427.87 42.67
RV240 447.75 -25.74 0.06 81.21 267.89 397.96 73.08
RV241 448.25 -25.21 0.27 73.34 109.36 431.04 52.69
RV242 449.00 -23.35 0.20 71.62 137.16 424.13 63.12
RV243 450.50 -26.20 0.45 47.64 53.18 426.22 30.59
RV244 452.25 -24.73 0.11 64.31 272.02 409.30 87.43
RV245 453.50 -26.33 0.13 65.39 81.40 424.39 54.38
RV246 454.20 -26.29 0.02 213.82 608.28 393.48 66.04
RV247 455.00 -26.32 0.24 85.79 70.39 426.57 38.05
RV249 457.00 -26.41 0.21 82.36 133.87 427.30 36.82
RV250 457.75 -26.27 0.20 68.93 100.92 431.33 40.40
RV251 458.25 -25.74 0.15 68.38 115.77 428.35 45.21
RV252 459.50 -25.79 0.27 40.49 236.13 446.37 33.15
RV253 460.25 -19.37 0.06 104.44 496.21 418.39 53.18
RV254 460.50 -20.50 0.07 67.97 326.93 444.41 53.74
RV255 461.00 -21.10 0.12 48.50 295.11 447.43 38.30
RV256 461.25 -21.39 0.13 52.76 469.73 448.46 40.48
RV257 462.00 -22.97 0.05 39.64 299.92 459.48 40.80
RV258 463.00 -25.50 0.06 162.33 658.22 452.50 35.09
RV259 485.00 -23.33 0.09 98.78 299.61 441.65 56.87
RV260 487.50 -22.84 0.21 126.04 235.41 426.74 69.90
RV261 489.75 -23.86 0.10 48.29 242.93 413.83 79.41
RV262 494.50 -23.82 0.45 56.04 67.06 431.91 35.86
RV263 518.00 -24.44 0.05 81.24 418.02 427.97 74.53
RV264 520.00 -24.09 0.05 109.43 533.67 365.95 85.87
RV265 522.00 -21.89 0.07 94.71 279.88 441.92 82.57
RV266 524.00 -23.86 0.05 96.39 490.61 440.90 91.87
RV267 539.00 -25.93 0.10 116.28 540.22 366.87 74.85
RV268 540.50 -27.06 0.09 199.06 377.15 428.85 45.16
RV269 542.50 -23.56 0.05 65.82 208.34 447.82 40.17
RV270 544.50 -21.91 0.11 97.40 134.87 425.79 85.50
RV271 552.00 -22.77 0.13 82.54 186.19 419.77 60.68
RV272 553.80 -21.75 0.09 46.03 275.28 454.74 37.15
RV273 556.50 -23.74 0.06 98.21 549.49 356.72 42.41
RV274 580.00 -25.34 0.09 53.16 398.71 451.69 46.11
RV275 580.50 -23.40 0.07 143.90 582.55 444.67 60.40
RV276 581.20 -22.56 0.14 55.76 269.40 453.64 44.53
RV277 590.00 -21.11 0.16 67.66 166.82 427.62 46.47
RV278 592.00 -21.27 0.22 77.40 154.72 428.59 61.57
RV279 593.20 -22.05 0.10 66.80 250.79 409.56 41.04
RV280 594.00 -22.52 0.19 72.40 116.05 429.54 39.63
RV281 595.75 -22.59 0.26 54.09 94.47 433.51 37.88
RV282 596.25 -23.10 0.17 57.00 162.07 425.49 73.20
RV283 597.25 -23.39 0.16 50.20 283.70 444.46 36.11
RV284 622.00 -23.57 0.08 39.25 232.01 418.44 37.18
RV285 623.50 -20.52 0.07 40.93 309.92 419.41 28.00
RV286 624.70 -23.35 0.33 72.69 95.96 425.38 32.55
RV287 626.20 -22.65 0.14 70.72 112.30 427.36 70.70
RV288 626.75 -23.03 0.15 70.71 166.27 423.33 60.79
RV289 628.00 -24.85 0.50 63.11 60.97 426.31 37.70
RV290 628.75 -21.80 0.36 63.91 133.32 439.28 49.54
RV291 630.00 -25.05 0.32 58.15 147.18 432.26 31.45
RV292 630.75 -23.02 0.06 62.59 377.17 392.23 43.53
RV293 631.75 -24.80 0.29 53.93 171.66 439.50 28.14
RV294 632.50 -23.14 0.11 65.62 203.17 430.44 46.61
RV295 633.75 -20.39 0.23 76.17 75.47 427.38 37.44
RV296 635.00 -22.81 0.19 111.84 207.02 418.31 46.22
RV297 636.00 -24.06 0.42 72.71 79.95 427.25 31.06
RV298 636.75 -25.93 0.04 101.31 638.48 366.19 29.22
RV300 640.75 -26.34 0.07 134.94 669.05 365.13 19.06
RV301 643.00 -25.85 0.03 70.05 500.14 369.06 21.67
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