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Supplementary Note 1: Regional setting of Tayma and its sabkha

The sabkha north of the town of Tayma fills a closed basin overlying Lower Ordovician
micaceous siltstones (Qasim Formation), with an extension of approximately 20 km? and a
hydrological catchment 660 km2'2? (Supplementary Fig. 1). Today, the deepest point of the
sabkha is at about 800 m a.s.l. (above sea level). Here, at the bottom of the sabkha, the
groundwater table is only 0.5 to 1.5 m b.s. (below surface) based on measurements from
numerous boreholes (Supplementary Fig. 1a). The relatively small catchment leads to shallow
flooding of the sabkha for days to several weeks after rare, episodic rainfall events®, when surface
discharge provides clastic sediment input. In case of a high groundwater table, that is controlled
by recharge of the Saq aquifer (Fig. 1b), aeolian sediments may be trapped at the surface and
incorporated into the halite and gypsum buckled crust. Drying of the surface after a fall of
groundwater level leads to predominant deflation. The capillary fringe above the phreatic zone
Is dominated by evaporites precipitated from ascending groundwater, mostly gypsum, plugging
the pore space*. With the shallow groundwater table very close to the surface, an increase in
annual precipitation such as during the Holocene Humid Period (HHP) will inevitably have led
to infill of the basin and permanent lacustrine conditions. In these conditions, sedimentation is
dominated by authigenic deposition of evaporites, organic matter, diatoms, minor amounts of
clastic sands to clays periodically introduced by debouching wadis (Supplementary Fig. 1a,b,
3a), as well as minor input of aeolian sand, as described in detail in refst4°,

The depression developed in a Northwest-Southeast-trending graben structure above the
Ordovician Qasim Formation (Supplementary Fig. 1c). The Northern rim consists of an
escarpment of steep, slightly Northwards dipping sandstones and micaceous siltstones of this
formation. They have a maximum height at about 860 m a.s.l. (Supplementary Fig. 1a) and form
part of an escarpment system covering large parts of the central Arabian Peninsula®. To the South,
the surface gradually rises towards the town situated above the basin at about 830 m a.s.l., from
where the underlying Ordovician Saq sandstone continuously rises up to 1000 m a.s.l. These
about 600 m-thick medium to coarse-grained sandstones form the main groundwater-bearing
layer of the Western Peninsula, the Saq aquifer’ (Supplementary Fig. 1c). The groundwater flow
coming from the Southeast® is under artesian pressure due to the graben structure of the Tayma
basin. Potential surface waters drain by several small inflows and wadis into the endorheic basin
(Supplementary Fig. 1b), some of which are mentioned in the works of historical Arabic
geographers. Al-Bakri, reporting from the 11" century AD, mentions the wadi “Fayha River”
reaching the oasis and entering the sabkha — referred to as a “lake” (al-Agirah) — from the South,
“which carried rain-water to Tayma” and “might have been added by water from a spring or

another resource outside Tayma™”.
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Supplementary Fig. 1: Local setting of the Tayma palaeolake. (a) Tayma palaeolake as
reconstructed from highest shoreline deposits?, a digital elevation model based on local DGNSS
and global SRTM data® and a large dataset of vibracores (basemap: Landsat/Copernicus,
accessed through Google Earth Pro). The main wadis entering the endorheic basin are marked
by white dashed lines. (b) Surface catchment of the Tayma palaeolake!® showing the spatial
extent of the main wadis (basemap: Landsat/Copernicus, accessed through Google Earth Pro).
(c) Simplified geology and tectonic features of the oasis of Tayma creating the artesian
groundwater source, shown as top view and stratigraphic profile based on ref.*.



Supplementary Fig. 2: Views of the sabkha of Tayma. (a) Panoramic view from the
Northwestern margin on top of the lowermost escarpment towards Southeast, overlooking the
sabkha. Zeugenbergs in the upper left represent remnants of higher escarpment levels. The upper
right shows the palm gardens bordering the sabkha in the South as well as some buildings of the
Easternmost part of the oasis of Tayma. (b) Typical gypsum buckled-crust surface of the central
part of the sabkha, thinly covered by Na* salts. (c) In some more central parts, the buckled crust
gives way to massive salt polygons.



Supplementary Fig. 3: Southwestern barnacle colonies. (a) Overview of the Southwestern major
wadi entering the sabkha basin (Supplementary Fig. 1a). (b), (c) Along both wadi margins, in-
situ Holocene barnacle colonies are preserved at elevations of ca. 12 m above the present sabkha
floor, representing palaeo-shoreline indicators of the peak phase of the early to mid-Holocene
lake (Southwestern yellow dot in Supplementary Fig. 1a).



Supplementary Fig. 4: Southwestern bioclastic deposit. (a) Stratified lake-shoreline deposit
almost entirely consisting of barnacles, gastropod, ostracod and foraminifer shells and tests, as
well as quartz sand (thickness ca. 2.3 m; Southwestern white dot in Supplementary Fig. 1a).
Shells were dated to the early Holocene (profile TAY 180 in refs.%%). (b) In-situ barnacles
attached to local Ordovician siltstone clasts floating in the bioclastic matrix. (c) Close-up of the
texture in (a).
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Supplementary Fig. 5: Northeastern bioclastic deposit. (a) Stratified lake-shoreline deposit
almost entirely consisting of barnacles, gastropod, ostracod and foraminifer shells and tests, as
well as quartz sand (Northeastern yellow and white dots in Supplementary Fig. 1a). Shells were
dated to the early Holocene (profile TAY 177 in ref.1). (b) Close-up of the texture in (a). (c) In-
situ Holocene barnacles attached to local Ordovician siltstone at the base of the profile.



a) lithology and XRF

total organic carbon and stable isotopes

50 Age (cal yr BP)

VIl
sabkha

4,160

100

groundwater-level
v

150 4,800

YY QY
Yy iy

N
o
o

N
()]
o

w
o
o

YYYYY YYYY Y oYY
YYYYY YYYY Y oYY

6,800

Tay-220 composite depth (cm)
&
o

permanently inundated wetland

»
[4))
o

500

550

lake

600

650 9,250
I | LR e | A T e | b2 DRSS Ll RELDY N
0 2 4 6 4 8 1216 -8-40 4
TOC (%) 8“0, (%0 VPDB)3"C.,, (%0 VPDB)

b)

14.3%)

o
Y

-0.

c)

Component 2 (explained var.

0.

9
)

o

N

o
N

-0.

-0.

UXRF cluster biplot

8 S

-siliciclastics

(=]

4

6|+ Cluster 1: clastic, quartz aragonite.

¢ Cluster 2: clastic + carbonatic

o Cluster 3: carbonatic (aragonite)
Cluster 4: evaporitic (gypsum)

-08 -06 -04 -02 0 02 04 06 08

Component 1 (explained var. = 68.7%)

(=

lithology

sand
- brown-reddish
clastics, aeolian silt, with sand
and cla
l:l clastic-evaporitic Y
— evaporites
grey clastic-
evaporitic mud E coarse carbonate

i lamination
- brownish-grey
carbonatic mud fine lamination

(varves)

Supplementary Fig. 6: Lithology and sediment geochemistry of the Tayma composite profile.
(@) Core scans, lithological description, down-core clustering results from XRF elemental
scanning data (see (b) for legend), total organic carbon content (TOC)'2, §'8Qcarh and 8*Cear
stable isotopes data, and discrimination of lake phases; the recent (in 2015) groundwater level at
1.5 m depth is marked with black triangles. (b) Principal-component biplot of XRF core-scanning
results showing the statistical clusters; principal components 1+2 explain 83% of the variance.

(c) Legend for the lithological description.
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Supplementary Fig. 7: Age-depth model of the Tayma sediment composite profile. The age-
depth model was constructed with Bacon v2.2 using flexible Bayesian modelling®® including
implemented outlier analysis and the IntCal13 atmospheric calibration curve'* (see Methods).
The model is based on radiocarbon ages of pollen concentrates (Supplementary Data 1), an
independent anchor age of the S1 tephra®® and a varve chronology between 8,550 and 7,900 cal
varve yr BP (Tayma deep-lake phases 11l and IV; marked with a blue rectangle).



60 T I T I 7 T P 7 I T I T I
_ S L
4 e .
50 , ’/ 7
4 7
- ‘7
40 —
<18
i 870, e Wetland _—
30 3
. o
i F=0.2
18 // «©
20 870, ., Palaeolake - €
- — (@]
< > i
\Q N /. o
£ 10 _— g
3 K]
h ]
> o
(m) - o
73] 0 a
w
-10 —
20 — \$v$/0/
7] D ® Riyadh, Saudi Arabia, precipitation
-30 - AN Khartoum, Sudan, summer precipitation
) ® Tabuk, NW Saudi Arabia, precipitation 2008-2009
] e \\@\ Tayma, water pools one week after rain event 12/2015 (this study)
40 4 , ’\/,@O Tayma, Tay 255 well water 12/2015 (this study)
S B Tayma, Bir Haddaj well 12/2015 (this study)
E R —e— evaporation line
e
'50 T I T I T I T I T I T I T I T I T I T I T I
-8 -6 -4 -2 0 2 4 6 8 10 12 14
18 (")
87O gpow(%0)

Supplementary Fig. 8: 8D and 520 plot of Tayma palaeolake water and tentative palaeo-moisture source
reconstruction. For the isotopic characterisation of moisture sources, we used the Global Meteoric Water
Line (GMWL) and Eastern Mediterranean Meteoric Water Line (EMMWL; high 3D excess)®, the two
Local Meteoric Water Lines of rainstorm events in Oman®’, with LMWL-N (Mediterranean frontal
systems; enriched D) and LMWL-S (Indian Ocean cyclones and tropical depressions; depleted 6D and
5'80), the Red Sea-influenced rainstorm events in Riyadh*® (partly enriched 8D), the composition of the
African monsoon precipitation (data from Khartoum, Sudan; partly depleted 6D)*°, and few available
precipitation data from Tabuk, NW Saudi Arabia®®, very close to Tayma. Surface rainwater collected in
water pools in a wadi SW of the Tayma palaeolake show §®Owater and 8Dwater Values of around -0.5%o.
The stable isotopes of the Bir Haddaj well in Tayma reflect sub-surface groundwater with -3.5%o 5*®Owater
and -24.6%o SDwater, Similar to the middle of the Saq aquifer?®?!. Groundwater sampled at 1.5 m depth in
the well of Tay 255 (in 2015) shows highly enriched values of +7.4%o 8" Ouwater (+16.2%0 SDwater), ONly
slightly lower than the calculated mean 5*8Owater O +8.4%o for the palaeolake surface water between 8,800
and 7,950 cal yr BP. In comparison, the modelled mean 8*Ouwaer Of the wetland phase between 7,800 and
6,800 cal yr BP is extremely heavy (+13.1%0). The difference between both settings will be mainly
influenced by changes in evaporation, possibly also in precipitation. Past precipitation estimates (D)
based on 6Dnc2g, nca1 range between -28 and +44%o for the deep lake phase and -11 and +58%. for the
wetland phase, which may indicate a change in the predominant atmospheric moisture source. We
calculated an evaporation line between 3®O0water = -3%o for the groundwater-supported lake and +7.4%o of
Tay 255 well water using the Rayleigh equation?? and found a high evaporation rate of >70% for the

surface water of the deep lake and >80% for the shallow lake phase that reflect highly arid conditions.
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Supplementary Fig. 9: Varve micro-facies of lake phases Il (aragonite varves), IV (diatom-
aragonite varves) and V (transition to clastic-evaporitic lamination). Each varve (annual
lamination) consists of at least two, but mostly three or more sublayers. Black arrows mark two
several cm-thick graded event layers in the varve thickness panel (top); in the sublayer panels,
arrows point either towards the onset or ceasing occurrence of a sublayer, or to particularly thick
sublayers.
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