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Supplementary Table 1. Location, Water Content, and Dose Rate Data for Analysed Samples

Field Elev. Over- U Th K Rb Water Geologic dose rate
code Labcode Lat.(°N) Lon.(°E) (masl) burden(m) (ppm)* (ppm)* (wt.%)* (ppm)* cont. (%) (Gy/ka)**
25MS-01  UTA0689 38.27908 16.00016 418 5.0 1.38 5.2 2.0 84.0 5.3 3.404 = 0.135
25MS-02  UTA0690 38.23496 15.91138 701 21.0 2.29 9.3 2.8 115.0 12.2 4333 = 0.158
25MS-03  UTA0691 38.24564 15.87137 886 2.5 2.14 9.4 3.1 130.0 24.6 4258 =+ 0.152
25MS-05  UTA0692 38.24619 15.75951 597 3.3 1.67 10.0 2.5 106.0 7.8 4242 = 0.154
25MS-06  UTA0693 38.20470 15.65674 118 4.0 1.26 7.9 2.5 93.2 4.8 4076 =+ 0.153
25MS-07 UTA0694 38.14762 15.68477 405 2.0 1.16 6.0 2.6 113.0 4.7 4012 =+ 0.154
25MS-08  UTA0695 38.05434 15.78040 1040 4.0 1.21 5.8 1.6 69.1 8.0 2993 = 0.123
25MS-09  UTA0696 38.05801 15.74886 955 5.6 2.58 6.4 1.6 75.7 15.3 3.162 = 0.125
25MS-10  UTA0697 38.06052 15.67550 107 4.0 1.73 6.1 1.7 75.2 1.6 3.401 = 0.133
25MS-11  UTA0698 38.07885 15.71605 368 16.0 1.53 8.0 2.0 94.7 7.3 3.517 = 0.137

* Elemental concentrations measured with ICP-MS and ICP-OES by SGS Canada. 5% relative standard error assumed.
** Calculated with the DRAC online calculator (Durcan et al., 2015) assuming an internal K content from Huntley and Baril (1997)
Note: Sample 25MS-04 is omitted because it is highly oxidized and was not analyzed for this study.



Supplementary Table 2. Equivalent Dose and Fading-Corrected Luminescence Ages

Field
code

25MS-01
25MS-02
25MS-03
25MS-05
25MS-06
25MS-07
25MS-08
25MS-09
25MS-10
25MS-11

* Three-parameter minimum dose model (Galbraith et al., 1999), assuming an overdispersion of 20% (Arnold and Roberts, 2009)

grains accepted /
grains measured

120 / 300
120 / 300
80 / 300
123 / 300
148 / 300
151 / 300
122 / 300
197 / 300
100 / 300
65 / 300

oD (%)
a4
47
a4
47
a4
40
61
57
56
51

Equivalent dose
(Gy)*
3349 =+ 31.9
293.1 = 27.0
304.1 = 34.9
288.0 + 28.3
2772 += 23.6
380.1 = 30.8
3074 = 29.8
249.1 = 10.8
3440 = 36.4
247.0 = 30.3

Geologic dose rate

(Gy/ka)
3.404 * 0.135
4333 * 0.158
4258 * 0.152
4242 + 0.154
4.076 * 0.153
4.012 * 0.154
2.993 * 0.123
3.162 * 0.125
3.401 * 0.133
3.517 * 0.137

** Calculated using the Kars et al. (2008) model quantified by Guralnik and King (2026)

Uncorrected age
(ka)

90.0 = 9.10
644 =+ 5.89
62.0 = 7.39
61.7 =+ 6.17
51.2 5.80
89.3 7.44
94.3 9.18
72.9 7.53
95.2 10.10
66.4 7.89

H+

H+

H+

H+

H+

H+

Fading corrected
age (ka)**
saturated

116.7 = 2264

123.6 25.56

1184 23.99

109.7 17.59
saturated
saturated

127.3 = 18.30
saturated

1194 =+ 24.25

H+

H+

H+
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Supplementary Figure 1. Radial plots (left) and KDE plots (right) for 3 of the 6 samples with
resolved luminescence ages. KDE is kernal density estimate. Dashed line in the radial plots is the
De value from the minimum dose model, shaded gray area is + 2c error.
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Supplementary Figure 2. Radial plots (left) and KDE plots (right) for 3 of the 6 samples with

resolved luminescence ages. KDE is kernal density estimate. Dashed line in the radial plots is the

De value from the minimum dose model, shaded gray area is + 2o error.
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Supplementary Figure 3. Radial plots (left) and KDE plots (right) for the 4 samples with saturated
(unresolved) luminescence ages. KDE is kernal density estimate. Dashed line in the radial plots is
the De value from the minimum dose model, shaded gray area is + 20 error.




25MS-02 y =-0.0076x + 1.0365
2 _
S 1.05 - R*=0.3976
©
g .49
= 1.00 - + # ++++++
@
£
S 095
0.90 . . . : :
3.0 3.5 4.0 45 5.0 5.5 6.0
log10( effective delay time, s )
c 110 0.0026x + 0.994
=-U. X .
e 25MS-06 ! R®=0.0291
5 1.05 - :
=]
3
2100 {... t
2 0.9
0.90 T . T T T
3.0 35 4.0 4.5 5.0 5.5 6.0
log10( effective delay time, s )
€ 1 0.0121x + 1.039
=-0. X+ 1.
25MS-07 Y o7eaa
£ 1.05 1 sy
-
k=]
[}
S 100 - H++
2 0.95
0.90 : . : :
3.0 3.5 4.0 4.5 5.0

5.5

log10( effective delay time, s )

Normalized L/T

Normalized L/T

Normalized L/T

1.05 4

1.00 4

0.90

25MS-02 y=-0.0057x +1.0193
R*=0.41
3.0 3.5 4.0 4.5 5.0 5.5 6.0
log10( effective delay time, s )
=-0.0063x + 1.0117
25MS-06 Y e 0’;197
T T T T T
3.0 3.5 4.0 4.5 5.0 5.5 6.0
log10( effective delay time, s )
y=-0.0126x + 1.0407
| 29Ms-07 R*=0.6417
3.0 3.5 4.0 4.5 5.0 5.5

log10( effective delay ti

me,s)

Supplementary Figure 4. Representative fading results. (a, b) Sample 25MS-02.
(c, d) Sample 25MS-06. (e, f) Sample 25MS-07. Each plot represents a single
aliquot that was irradiated, preheated and then kept dark at room temperature for

a range of delay times prior to measurement.
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Supplementary Figure 5. Fault-throw profiles for major active normal faults in the study area.
Red lines are topography; blue dashed lines are variably incised marine terraces. Profile locations
are shown in Fig. 4. Calculated fault-throw rates vary from 0.8 to 4.2 mm yr' (see Table 1).
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Supplementary Figure 6. Ground deformation in the vicinity of the Cittanova fault from the EGMS database
(European Ground Motion Service: https://egms.land.copernicus.eu/). (a) Map modified from Fig. 1 showing
location of map in b. (b) Map of the central to northern Cittanova fault showing the spatial pattern of vertical
deformation derived from Sentinel-1 satellite data using the INSAR method. The data show a systematic
change in vertical rate over a distance of ~1.5-2.5 km across the fault in several locations where data exist.
Point locations for time series in ¢ and d are shown. (c¢) Time series of vertical change for a representative point
in the hanging wall of the Cittanova fault, mean velocity is -3.0 mm/yr. (d) Time series of vertical change for a
representative point in the footwall of the Cittanova fault, mean velocity is +1.1 mm/yr. The difference in vertical
rate between hanging wall and footwall locations over a period of 4 years is roughly 3.0—4.5 mm/yr, similar to
the long-term post-120 ka fault-throw rate calculated for this fault (Table 1; Extended Data Fig. 5). The INSAR
data also reveal unexplained variations that likely are related to complex interactions between short- and
long-term deformation, changes in groundwater, surface mass movements, and human influence (e.g., ref 39).
Similar variations in vertical motions along the Armo fault suggest a need for future work on this problem.



Supplementary Figure 7. Sample 25MS-02. lat 38.234919° / lon 15.911353°. Elevation 701 m.
Overburden 21 m. Well sorted fine-grained sand interbedded with shelly granular sand beds
(Beach Sands of Jacques et al., 2001). Sample site is ~21 m below flat terrace surface. The lower
intermediate surface is Holocene or historical. The sampled fine sand bed is ~60 cm thick,
interbedded with coarse granular sands and small-pebbly gravels. Lots of broken and reworked
marine mollusc shells in horizontally stratified granular coarse shelly sand. Abundance and
concentration of reworked shells increase up-section above sampled bed. Interpreted as deposits
of a high-energy beach to upper shore face setting, possibly delta front.



Sample Site 25MS-03
" -

Supplementary Figure 8. Sample 25MS-03. lat 38.245610° / lon 15.871404°. Elevation 886 m.
Overburden 2.5 m. Beach Sands unit of Jacques et al. (2001), ~2 km SE of Sant’Eufemia d’Aspromonte. Well
sorted, very weakly cemented fine-grained massive sand interbedded with lenticular cross-stratified sands,
very coarse granular sands, and small channels filled with well rounded pebble- to cobble-size granitic clasts
(same as underlying basement rock near this location). Sample site is 2.5 m below vegetated terrace surface.



Supplementary Figure 9. Sample 25MS-05. lat 38.246186° / lon 15.759506°. Elevation 597 m.
Overburden 3.25 m. Well sorted, uncemented fine- to medium-grained sand. Weakly stratified to massive, no
shells. Beach deposits of Jacques et al. (2001). Sample site is 3.25 m below the terrace surface, at top of a
thick section (least 30 m) of similar uncemented well sorted sand with locally exposed trough cross bedding.




Sample Site 2

Supplementary Figure 10. Sample 25MS-06.

38.204671° / lon 15.656713°. Elevation 118 m. Overburden 4 m.
Directly below terrace mapped as 125 ka (MIS 5e) in prior studies,
southeast of Villa San Giovanni. Sample is from a ~50-cm thick bed
of well sorted, uncemented fine- to mediutm- grained sand
interbedded with poorly sorted sandy pebble to cobble gravels, no
shells. Locally well preserved burrows in well sorted and stratified
sands. Preferred interpretation: marginal marine deposits of a
coarse-grained delta front with gravelly distributary channels and
shallow-marine interdistributary bays.

Terrace surface




Sample Site 25MS-09

1

Supplementary Figure 11. Sample 25MS-09.

lat 38.058013° / lon 15.748856°. Elevation 955 m. Overburden 5.6
m. Well sorted weakly-cemented sands interbedded with calcareous
shelly sands and sandy carbonates. Lots of marine shells. Sample is
5.6 m below the local surface with thin vegetation and thin soil, which
itself is ~3 m below the high old upper surface with capping red soil.
Interpretation: moderate-energy nearshore shallow marine shelf.




ample Site 25 1

Supplementary Figure 12. Sample 25MS-11.

lat 38.078848° / lon 15.716045°. Elevation 368 m.
Overburden 16 m. Uncemented sandy gravels and thin sand
beds exposed in high sheer cliff of “Pozzi gravel” in abandoned
gravel pit. Common broken & abraded marine shell fragments
including pecten, oysters, corals, encrusting bryozoans,
echinoid spines, maybe no bivalves. Also see poorly sorted
gravel-filled channels and cross bedding, lots of horizontal
stratification in moderately to well sorted sands and gravels.
Looks like a marginal-marine gravelly delta-front setting.






