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Abstract

The paper presents the U-Pb age of a travertine originating from the immediate area of the Early Pleistocene
fossil site of Untermassfeld. The dated rock was re-deposited in fossiliferous Upper Fluviatile Sands (UFS) as
cover to a large boulder of Triassic limestone. In situ isotope analyses of the travertine resulted in a lower
intercept age of 1.14 + 0.48 Ma BP. This age determination supports the previously reported magneto-
stratigraphic result from the site, but with a relatively high degree of uncertainty. The onset of the Jaramillo
magneto-subchron was ascertained within the Lower Fluviatile Sands (LFS) of the site immediately below
the fossil bearing strata (Wiegank 1997). The Epivillafranchian fauna from Untermassfeld postdates both
the accumulation of the U-Pb dated travertine and the onset of the Jaramillo.

1. Introduction

Absolute dating of Quaternary sediments around 1 Ma BP, as evidenced by the Untermassfeld fossil site, re-
mains a challenge. Methods for absolute dating applied to younger Quaternary deposits such as '*C-dating,
Thermoluminescence (TL), Optically Stimulated Luminescence (OSL), and Infrared Stimulated Luminescence
(IRSL) are restricted to the last 500 ka (Wallinga and Cunningham 2015). Absolute age determination apply-
ing U-Pb isotope compositions of zircon or other commonly used datable minerals require i) an ash layer (tuff),
and ii) a sufficient U-content for the production of Pb daughter isotopes in a detectable range. Unfortunately,
volcanic ashes of Pleistocene age are lacking in and around the Untermassfeld study area. Biostratigraphic
data derived from several groups of animals suggest an origin of the necromass accumulations of around
1 Ma BP (Kahlke 2001b; 2006), which excludes the application of luminescence methods. Corresponding in-
vestigations (M. Krbetschek) failed (Ellenberg and Kahlke 1997, 48, Fig. 13). Combined ESR/U-series dating
(C. Falgueres and J.-J. Bahain) has not been successful either (Kahlke in this volume). An age determination
for the sedimentation of Lower Fluviatile Sands (LFS), before the beginning of the necromass accumulation in
the area of interest, is based on magnetostratigraphic criteria. The recorded change from reverse to normal
polarity within the LFS immediately below the fossil bearing strata is interpreted as representing the onset of
the Jaramillo magneto-subchron (Wiegank 1997), dated at 1.071 Ma BP (Cohen and Gibbard 2016).

Here we apply a newly developed, state-of-the-art method for U-Pb dating of carbonate to a travertine,
which was re-deposited in fossiliferous sediments within the study area. The dating allows for new conclu-
sions to be drawn on the age of the Untermassfeld fossil fauna.
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2. Geological setting

The geological structure of the site was described and documented, according to the respective excavation
progress, by Ellenberg and Kahlke (1997), Kahlke (2001) and Kahlke et al. (in this volume). The abbreviations
used below are taken from the latter study. Taking into account all available information, the Pleistocene
history of the Untermassfeld fossil site can be divided into four stages (Kahlke et al. in this volume):

(I) Processes prior to the downslide of a mud flow fan, comprising the sedimentation of large amounts of
Younger Coarse Gravels (YCG) and flood plain deposits (FPD) with subsequent formation of a palaeosol (i)
on top;

(Il) Downslide of a clastic mudflow fan (CMF) and onset of necromass accumulation within Lower Fluviatile
Sands (LFS) as a result of repeated seasonal high flood events;

(Il Incising of an erosion channel during a particularly powerful high flood, and its immediate refilling by
different types of re-deposited sediments and Upper Fluviatile Sands (lower part) [UFS()], accompanied by
massive accumulation of necromass lee side of the partially collapsed CMF, and formation of a palaeosoil
(»Silt band«, SB) on top of the UFS());

(IV) Further flooding and accumulation of the non-fossiliferous upper part of Upper Fluviatile Sands [UFS(u)],
subsequent solidification and deposition of cover sediments (CS).

The main fossil bearing sediment body of the Untermassfeld site, namely the infill of the erosion channel
lee side of the CMF, incorporated a sandy carbonate breccia (SCB) overgrown by a 5-10cm thick travertine
(TRA; Kahlke et al. in this volume, Fig. 7). The geological situation suggests that the precipitation of the
travertine layer is related to the formation and/or downslide of the CMF. It predates the fossiliferous refilling
of the erosion channel and most likely also the deposition of the fossil bearing part of the LFS (Kahlke et al.
in this volume). The travertine was sampled for in situ U-Pb dating by LA-SF-ICP-MS (laser ablation-sector
field-inductively coupled plasma-mass spectrometry). According to the given geological conditions, the re-
sult would have to predate both the change from reverse to normal polarity in the LFS and the accumulation
of necromass within both the Lower and Upper Fluviatile Sands [LFS and UFS(])].

3. U-Pb small-scale isochron (SSI) geochronology

Uranium-Pb ages were acquired in situ from polished thick sections on two travertine (TRA) samples from
Untermassfeld (see section 2.) at the Goethe University Frankfurt/M. (GUF). At GUF a Thermo Scientific
Element 2 sector field ICP-MS is coupled to a RESOlution S-155 (Resonetics) 193 nm ArF Excimer laser
(CompexPro 102, Coherent) equipped with a two-volume ablation cell (Laurin Technic, Australia). Samples
were ablated in a helium atmosphere (0.3 I/min) and mixed in the ablation funnel with 0.9 I/min argon and
0.06 I/min nitrogen. Signal strength at the ICP-MS was tuned for maximum sensitivity while keeping oxide
formation below 0.2 % (UO/U) and element fractionation low (e.g., Th/U=1). Static ablation used a spot
size of 213pum and a fluence of about 1 J cm™ at 6Hz. This yielded for SRM-NIST614 a depth penetration
of about 0.6um s-1 and an average sensitivity of 420,000cps/ug g-1 for 238U. The detection limits (4 x
background signal) for 2°Pb and 238U were ~0.1 and 0.03 ppb, respectively. However, at a U signal of less
than 1,000 cps (~ 2 ppb) the data were generally discarded due to enhance scatter on the isotope ratios.
Data were acquired in fully-automated mode overnight during one analytical session. Each analysis con-
sisted of 21 s background acquisition followed by 21s of sample ablation and 25s washout. Prior to analysis
each spot was pre-ablated for 55 to remove surface contamination. Soda-lime glass SRM-NIST614 was used
as a reference glass together with 3 carbonate standards to bracket sample analysis.

1106 | A. Gerdes et al. - In situ U-Pb geochronology of re-deposited travertine from Untermassfeld



Raw data were corrected offline using a macro-based in-house MS Excel© spreadsheet program (Gerdes
and Zeh 2009). Following background correction, outliers (= 2 o) were rejected based on the time-resolved
207pp/296Ph and 2°6Pb/?38U ratios together with the Pb and U signal. Due to fast washout, the low volume
cell allows for the detection of inhomogeneity of the ablated material during depth profiling at a level of
<0.8pum (< 1s). The 2°7Pb/?96Pb ratio was corrected for mass bias (0.3 %) and the 2°°Pb/?38U ratio for in-
ter-element fraction (c. 2 %), after drift correction of 4 % over the 12 hours of sequence time, using SRM-
NIST 614. Due to the carbonate matrix an additional correction of 9 % has been applied on the 2°6Pb/238U,
which was determined using WC-1 carbonate reference material dated by TIMS (254 + 6 Ma BP; Roberts
et al. 2017). The 299Pb/?38U fractionation during 21s depth profiling was estimate to be 1 % based on the
common Pb corrected WC-1 analyses, which has been applied as an external correction to all carbonate
analyses. Common Pb of WC-1 has been estimated from the 2°®Pb and a Triassic common Pb composition.
The WC-1 (n=23) common Pb corrected 2°6Pb/?38U reproduce over the analytical sessions an age of 253.0 +
0.7/5.0 Ma BP (2 SE/2 SD). The not common Pb corrected data yielded a lower intercept age of 253.3 =
2.0 Ma BP (MSWD=1.9). Repeated analyses (n=24 for each sequence) of a stromatolitic limestone from
the uppermost Ediacaran in South-Namibia (Huns Member, Schwarzrand subgroup; Saylor and Grotzinger
1996) yielded a lower intercept age of 538.9 + 7.4 Ma BP (MSWD=1.4). Multiple spots (n=73) of ASH15
yielded a lower intercept age of 3.067 + 0.061 Ma BP (MSWD=0.99) and an upper intercept of 0.861 for
the initial 297Pb/2%6Pb. This is identical within uncertainty of the U/Pb age from two labs (3.085 + 0.044 and
3.005 + 0.026 Ma BP; Vaks et al. 2003) using the conventional U-Pb method.

The analytical results are presented in Table 1. Data were plotted on Tera-Wasserburg diagrams, and ages
calculated as lower intercepts using Isoplot 3.71 (Ludwig 2008). All uncertainties are reported at the 2o
level.

Dating of tectonic, diagenetic and pedogenic carbonates using the U-Pb method was until very recently
hampered by its heterogeneity at the cm-scale (e.g., Rasbury and Cole 2009, Methner et al. 2016, Ring
and Gerdes 2016, Burisch et al. 2017). Firstly, such carbonates usually crystallise episodically, and different
generations can be inter-grown with each other. Secondly, isotopic equilibration is reached only at smaller
scale (e.g., <1cm), as the initial Pb composition is a mixture of Pb from the fluid and the dissolved carbonate
at the site of crystallisation. While Pb isotopes equilibrate the U and Pb content is variable at the pm-scale.
Both are required for dating by the U-Pb isochron method, but necessitate sampling of the analysed material
at a high spatial resolution. Thus, the LA-SF-ICP-MS appears to be the method of choice for dating carbon-
ates — theoretically as young as c. 0.4 Ma BP — despite their relative low U (<3 ppm) content. As this should
preferably be applied at a scale of <1cm, it is best described as the U-Pb small-scale isochron (SSI) method.
Pedogenic carbonates likely contain detrital clay and larger fragments, which would cause a scatter of the
data points in the U-Pb space towards an older lower intercept age. Analytical spots were set carefully on
carbonate domains which appear homogeneous in transmitted light microscopy and on cathodolumines-
cence images, to avoid or minimize the ablation of carbonate contaminated with detrital clay. As clay min-
erals usually have high Pb/U and Th/U ratios, all analyses with high Th/U (>0.35) were discarded from the
data set of each sample set.
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Spot  Sample 206ppya ub Pb® Tht  2%ph  +20  207Pp 20
(cps)  (ppb) (ppb) U 2%Pb (%) *°Pb (%)

A89 Travertine 14676 1023 94 0.01  37.12 2.1 0.8247 071

A90 15575 812 95 0.01 29.22 2.1 0.8267 0.74
A9 16416 882 114 0.01 26.11 2.1 0.8254 0.83
A92 16598 854 138 0.02 21.10 2.1 0.8245 0.85
A93 15350 879 128 0.01 2345 2.1 0.8228 0.86
A94 29522 1060 247 0.02 14.68 2.1 0.8272 0.66
A95 25601 982 78 0.01 4299 2.0 0.8233 0.63
A96 12224 741 101 0.01 2487 2.1 0.8274 0.81
A97 12769 730 106 0.02 2337 2.1 08318 0.79
A98 9265 857 75 0.01 38.88 2.1 0.8213 0.65
A99 9158 807 73 0.01  37.79 2.2 08274 0.76
A100 9453 710 79 0.02 30.72 2.1 0.8257 0.85
A101 12293 968 64 0.01  50.89 2.2 0.8265 0.58
A107 11890 721 100 0.01  24.70 2.1 0.8306 0.88
A108 12073 779 101 0.01  26.29 2.1 0.8340 1.00
A109 14914 816 125 0.02 22.26 2.1 0.8319 1.10
A110 35597 845 303 0.12 9.67 2.8 0.8330 0.59
A111 13451 765 112 0.02 23.17 2.1 0.8233 0.89
A112 10354 872 66 0.02 44.83 2.1 0.8290 0.66
A113 20029 964 276 0.03 11.85 2.1 0.8256  0.68
A114 12053 766 101 0.02  25.81 2.2 0.8344 0.59
A115 13886 824 126 0.02 2414 2.2 0.8251 0.94
A116 21628 842 183 0.02 15.83 2.0 0.8309 0.63
A117 15919 859 289 0.01  10.15 2.1 0.8333 0.73
A335 50385 1440 603 0.02 9.51 45 0.8274 0.72
A336 79666 1354 692 0.03 6.20 2.6 0.8287 0.60
A337 71470 1383 866 0.02 6.36 5.8 0.8305 0.57
A338 75269 1590 781 0.02 7.72 2.1 0.8263 0.54
A339 51735 1640 488 0.02 12.36 2.4 0.8269 0.56
A340 87227 1321 990 0.04 5.31 2.1 08314 0.55
A341 175993 1307 1948 0.04 2.60 2.4  0.8319 0.35
A342 37904 1331 401 0.02 1274 2.5 0.8321 0.68
A343 45028 1448 483 0.02 11.62 34 08264 0.73
A344 65794 1454 634 0.01 8.86 3.6 0.8336 0.55

Table 1 LA-SF-ICP-MS U-Th-Pb isotope data from travertine re-deposited in the fossiliferous lower part of Upper Fluviatile Sands [UFS(])]
of Untermassfeld and reference material used in this study; spot size=213pm; depth of crater ~ 15 pm; 2%6Pb/238U error is (with exception
of the SRM614) the quadratic additions of the within run precision (2 SE) and the estimated external reproducibility of 2 % (2 SD) based
on NIST SRM-614; 297Pb/2%Ph error propagation (2°’Pb signal dependent) following Gerdes and Zeh (2009) including uncertainties from
counting statistics and blanks; Nama — stromatolitic limestone from the Cambrian-Precambrian boundary in South-Namibia (Feldschuh-
horn below Spitskopf formation, Schwarzrand subgroup); WC-1 — carbonate reference material (Roberts et al. 2017); ASH15 — flowstone,
speleothem from Negev desert, Israel (Vaks et al. 2003).

@ Within run background-corrected mean 2%Pb signal in cps (counts per second).

b U and Pb content and Th/U ratio were calculated relative to NIST SRM-614 soda lime glass.
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Spot  Sample 206ppya ub Pbb Th®  2%b  +20  207Pb +20
(cps)  (ppb) (ppb) U 2Pb (%) 2%Pb (%)
A345 134244 1332 1363 0.01 3.76 3.3 0.8322 0.57
A346 36462 1327 359 0.02 14.27 29 0.8273 0.40
A347 49916 1219 591 0.02 8.36 44 0.8337 0.63
A348 53566 2059 312 0.03 26.08 43 0.8303 0.53
A349 32506 1436 364 0.01 15.48 3.0 0.8316 0.63
A350 60657 1110 366 0.01 11.89 45 0.8326 0.49
A351 63830 1320 1583 0.01 3.17 54 0.8338 0.52
A352 34826 1223 284 0.01 16.66 29 0.8321 0.62
A353 39892 1521 501 0.01 13.71 4.1 0.8289 0.56
A354 45381 1564 494 0.01 12.31 42 0.8320 0.75
A355 43327 1263 498 0.01 10.10 4.4  0.8321 0.53
A356 47324 1445 530 0.02 1071 3.9 0.8308 0.54
A357 38380 1409 298 0.01 18.57 3.0 0.8292 0.71
A358 67656 1366 763 0.01 7.06 3.8 0.8301 0.63
A359 31055 2159 352 0.01  23.85 3.8 0.8263 0.57
A360 240410 1289 2895 0.01 1.84 46 0.8297 0.72
A361 33470 1942 379 0.01 19.86 3.0 0.8256 0.59
A362 26767 1684 304 0.03 21.51 2.1 0.8274 0.56
A363 44417 2223 504 0.01 17.10 2.3 0.8277 0.63
A364 77954 1424 714 0.02 7.76 3.3 0.8335 0.59
A365 190390 1441 2060 0.02 2.72 2.6 0.8310 0.44
A366 33111 2019 378 0.02 20.78 2.0 0.8297 0.40
A367 34350 1499 342 0.02 17.05 2.1 0.8288 0.58
seq.B
Spot  Sample 206ppya ub PbP The  23%pp +2c  27pb +20
(cps)  (ppb) (ppb) U 2Pb (%) 2%Pb (%)
NO1 NIST614 174666 798 2206 095 1416 0.3 0.86890 0.3
NO2 NIST614 175528 802 2179 0.94 1.424 0.5 0.86840 0.4
N33 NIST614 176747 827 2186 0.96 1.426 0.4 0.86990 0.3
N34 NIST614 179611 832 2158 0.95 1433 0.5 0.87220 0.3
N67 NIST614 183612 839 2054 096 1.424 0.3 0.87080 0.3
N68 NIST614 176751 818 2138 096 1437 0.5 0.87230 0.3
N102  NIST614 174822 814 2185 0.96 1.428 0.4 0.87150 0.3
N103  NIST614 174769 808 2081 096 1425 0.5 0.87090 0.3
N146  NIST614 179219 840 2003 096 1.431 0.5 0.86950 0.2
N147  NIST614 175947 816 2015 095 1418 0.6 0.87080 0.4
N194  NIST614 173407 811 2119 096 1419 0.4 0.87110 0.3
N195  NIST614 175258 821 2114 096 1412 0.4 0.87050 0.3
N238  NIST614 172498 823 2169 095 1422 0.4 0.87170 0.3
Table 1 (continued)
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Spot  Sample 206ppa ub PbP Tht  2%ph  +26  207Pb +20
(cps)  (ppb) (ppb) U  2%Pb (%) *%Pb (%)
N239 NIST614 176139 837 1941 096 1421 0.3 0.87200 0.3
N283  NIST614 173442 831 2130 0.96 1.425 0.5 087240 0.3
N284  NIST614 173473 833 2209 096 1.437 0.4 0.86920 0.2
N328  NIST614 169559 824 2093 0.96 1.426 0.3 0.86920 04
N329 NIST614 166083 806 2114 096 1.427 0.6 0.87080 0.4
N383  NIST614 165961 828 2083 0.95 1430 0.5 0.86820 04
N384  NIST614 165661 820 2147 096 1434 0.4 0.87220 04
N450  NIST614 159244 802 2110 0.96 1.420 0.5 0.87260 0.3
N451  NIST614 160081 811 2053 0.97 1425 0.3 0.87180 0.3
N523  NIST614 157108 806 2360 096 1423 0.5 0.87240 04
N596  NIST614 154348 815 2362 094 1418 0.5 0.87130 0.3

mean 171414 819 2134 0.958 1.425 0.9 0.87086 0.3

Spot  Sample 206ppya ub PbP Thb  238pp +2c  27Pb +20
(cps)  (ppb) (ppb) U 2Pb (%) 2%Pb (%)

205 Nama 46714 810 520 0.03 4.011 3.1 0.5825 1.1
206 Nama 39090 2296 540 0.02 7.456 3.1 0.3248 1.2
737 Nama 39147 1003 470 0.02 4.963 3.2 0.5119 15
/38 Nama 25445 2384 410 0.04 8.621 3.1 0.2491 1.5
771 Nama 119198 736 1300 0.11 1.818 3.1 0.7346 0.6
772 Nama 121831 1027 1300 0.15  2.302 3.5 0.6971 0.8
2106 Nama 47472 677 530 0.07 3.372 3.4 0.6122 0.8
2107 Nama 69312 1011 790 0.16  3.410 3.5 0.6113 09
Z150 Nama 34940 541 400 0.05 3.620 3.3 0.6062 1.1
Z151 Nama 39198 877 460 0.06 4.622 4.0 0.5412 1.4
7198 Nama 65919 588 720 0.13  2.372 3.2 0.6974 0.7
Z199 Nama 88193 388 970 0.85 1.249 6.8 0.7704 0.9
7242 Nama 49556 928 580 0.04 4.089 3.6 0.5771 1.0
7243 Nama 92442 513 1000 0.15 1.569 3.7 0.7547 0.7
7287 Nama 35459 675 420 0.05 4.099 3.2 0.5771 1.0
7288 Nama 245620 512 2600 0.44  0.659 4.3 0.8101 0.7
7332 Nama 71179 756 820 0.09 2.653 3.3 0.6784 09
Z333 Nama 179936 615 2000 0.32 0.967 39 0.7865 0.7
7387 Nama 129617 599 1400 0.34 1.316 3.2 0.7639 0.7
7388 Nama 100940 575 1200 0.15  1.550 3.2 0.7524 0.8
7454 Nama 50337 1404 660 0.07 5.038 44 05120 1.3
7455 Nama 86173 1205 1000 0.18 3.224 3.2 0.6419 0.8
7527 Nama 30957 424 390 0.12  3.048 54 0.6521 1.1
7528 Nama 134082 2779 1700 0.09 4.224 4.1 0.5615 1.8

Table 1 (continued)
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Spot  Sample 206ppya ub PbP Th®  2%Pb  £20  27Pb +20
(cps)  (ppb) (ppb) U 2Pb (%)  2%%Pb (%)
C03 WC-1 6743 2880 140 0.001 24.85 1.8  0.1267 4.7
co4 WC-1 7679 2982 150 0.001 24.69 1.6 0.1432 3.3
C35 WC-1 14800 3647 220 <0.001 24.87 1.5 0.2089 2.5
C36 WC-1 15246 4070 230 0.001 25.16 1.4 0.2051 4.7
c69 WC-1 5453 2775 130 0.001 24.77 1.5 0.1164 2.0
C70 WC-1 8010 2970 150 <0.001 2492 1.5 0.1486 7.3
c104 WCA1 9427 3261 170 0.001 24.72 1.5 0.1595 59
C105 WCA1 6124 2806 130 <0.001 25.19 1.5 0.1278 2.7
C148  WC-1 10369 3065 170 0.001 24.70 1.5 0.1823 5.2
C149  WCA1 5347 3112 130 0.001 25.52 1.4 0.1052 1.5
c196 WC-1 37738 2672 330 0.001 24.74 1.5 0.4511 6.2
C197 WC-1 31588 3199 310 <0.001 25.04 1.5 0.3589 11.7
C240  WCA1 17513 3091 220 0.001 24.87 1.7 0.2736 8.7
C241 WC-1 6291 3535 160 <0.001 25.07 1.4 0.1116 6.0
C285 WC-1 10103 3441 180 <0.001 25.07 1.5 0.1699 4.7
C286  WC-1 8759 3119 160 <0.001 25.15 1.5 0.1585 8.0
C330 WC-1 6544 3613 160 <0.001 24.80 1.4 0.1133 4.0
C331  WC-1 15908 3003 210 <0.001 25.24 1.6 0.2612 8.2
C385 WC-1 4764 3120 130 0.001 25.38 1.4 0.10M 3.1
C386  WC-1 4662 3145 130 <0.001 25.42 1.5 0.0990 5.7
C452 WC-1 10423 3144 180 <0.001 24.77 1.4 0.1873 7.2
C453 WC-1 5466 3168 140 <0.001 25.23 1.6 0.1114 4.5
C525 WCA1 4911 3512 150 <0.001 24.62 1.5 0.0963 4.9
mean 11038 3188 177 0.001 25.06 2.1 0.1746 101.8
seq.B
Spot  Sample 206ppa ub Pbb Th®  28Pb  x20  27Pb +20
(cps)  (ppb)  (ppb) U 26Pb (%)  *%Pb (%)
BO6 ASH15 12746 2599 54  <0.001 80.06 7.0 0.8310 1.40
BO7 ASH15 36736 1826 162 <0.001 19.02 4.3 0.8581 0.77
BO8 ASH15 16925 1003 69 <0.001 24.49 3.6 0.8543  0.99
BO9 ASH15 2615 1027 <0.001 352.77 7.8 0.7370  3.10
B10 ASH15 1445 2958 6 <0.001 711.79 5.1 0.5914  4.00
B11 ASH15 1402 1769 <0.001 483.31 6.2 0.6468 6.70
B12 ASH15 1228 1479 6 <0.001 407.00 6.3 0.7149  3.30
B13 ASH15 13134 1376 43  <0.001 5419 115 0.8512 1.20
B14 ASH15 26102 1468 100 <0.001 24.52 5.7 0.8509 1.30
B15 ASH15 1475 2216 6 <0.001 592.49 7.2 0.6346 4.60
B16 ASH15 71208 1184 296 <0.001 6.73 5.7 0.8576  0.62
Table 1 (continued)
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Spot  Sample 206ppz2 ub Pb Tht  2%p 26  27Pb 20
(cps)  (ppb)  (ppb) U  2%Pb (%) *%Pb (%)

B17 ASH15 2845 1308 4 <0.001 52084 49 06624 7.00
B18 ASH15 182017 1960 894 <0.001 3.70 3.0 0.8655 0.51
B19 ASH15 889 1149 4 <0.001 476.24 59 06671 6.20
B20 ASH15 2143 2220 4 <0.001 754.34 6.8 0.5881 7.80
B21 ASH15 3807 3085 12 <0.001 391.56 9.8 0.6979 450
B22 ASH15 1402 2811 5 <0.001 807.42 54 05788 520
B23 ASH15 5853 4388 8 <0.001 817.23 50 05479 5.00
B24 ASH15 3513 4103 6 <0.001 962.74 48 05131 450
B25 ASH15 42405 2519 71  <0.001 59.54 9.9 0.8487 0.81
B26 ASH15 1245 1933 5 <0.001 536.67 6.4 0.6346 4.20
B27 ASH15 52569 1631 215  <0.001 12.72 89 08482 0.92
B28 ASH15 17396 1262 51 <0.001 41.21 9.7 0.8471 1.20
B29 ASH15 9491 855 44 <0.001 32.00 58 0.8387 1.70
B30 ASH15 1414 1572 4 <0.001 587.75 8.4 0.6240 4.20
B31 ASH15 1396 3948 5 <0.001 996.79 57 04891 7.70
B32 ASH15 1963 2855 7 <0.001 612.90 7.0 06335 4.80
B33 ASH15 1380 4130 6 <0.001 989.16 56 0489% 530
B34 ASH15 2455 2868 9 <0.001 465.65 8.1 0.6821 4.50
B35 ASH15 330384 2480 637 <0.001 6.55 53 0.8587 0.42
B36 ASH15 47206 2264 157 <0.001 2411 212 0.8514 0.71
B37 ASH15 1781 4307 7 <0.001 890.42 54 05240 550
B38 ASH15 30308 2313 90 <0.001 43.27 7.6 0.8564 1.00
B39 ASH15 31450 1648 132 <0.001 21.06 9.0 0.8607 0.87
B40 ASH15 18300 964 68 <0.001 23.80 6.7 08539 1.10
B41 ASH15 42027 1015 128 <0.001 13.34 7.3 0.8556 0.92
B42 ASH15 4256 1847 16 <0.001 182.53 9.0 0.7743 2.50
B43 ASH15 24538 1196 66 <0.001 30.28 21.1 0.8494  0.96
B44 ASH15 5009 1579 20 <0.001 126.35 53 0.8014 240
B45 ASH15 4648 787 24 <0.001 53.52 4.2 0.8347 240
B52 ASH15 19072 1546 65 <0.001 39.87 3.9 08387 1.20
B53 ASH15 40850 1373 143  <0.001 16.17 17.7 0.8581 0.86
B54 ASH15 5403 1515 17 <0.001 148.05 10.7 0.8013 2.70
B55 ASH15 2333 2241 11 <0.001 328.28 5.1 0.7233  4.40
B56 ASH15 2738 2677 9 <0.001 442.90 4.1 0.6858  3.40
B57 ASH15 260232 1334 1307 <0.001 1.72 52 08607 048
B58 ASH15 10892 2440 43  <0.001 9424 237 0.8275 1.90
B59 ASH15 34574 1793 30 <0.001 98.65 28.1 0.8292 1.20
B60 ASH15 252473 1589 1164 <0.001 230 117 08623 047
B61 ASH15 4150 2881 14 <0.001 330.58 89 07079 430

Table 1 (continued)
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Spot  Sample 206ppz2 ub Pb Th®  238pp  +20  27Pb 20
(cps)  (ppb)  (ppb) U  2%Pb (%) *%Pb (%)

B62 ASH15 3606 2373 12 <0.001 322.36 57 0.7530 4.60
B63 ASH15 4105 2585 12 <0.001 346.60 7.5 0.7457 430
Bo4 ASH15 6704 2324 28 <0.001 135.59 46 0.8228 2.80
B65 ASH15 2801 2333 10 <0.001 381.31 53 07229 340
B66 ASH15 112072 2387 468 <0.001 857 11.6 0.8554 0.59
B67 ASH15 1029297 2531 3870 <0.001 1.10 95 0.8594 0.48
B68 ASH15 34710 2355 121 <0.001 32.67 58 08561 0.75
B69 ASH15 59998 1362 266 <0.001 8.62 11.2 0.8597 0.64
B70 ASH15 195970 1955 687 <0.001 4.80 15.1 0.8646  0.56
B71 ASH15 18766 1962 84 <0.001 3938 114 08612 2.00
B72 ASH15 20886 2771 55 <0.001 83.68 7.8 0.8436 094
B73 ASH15 33830 2388 84 <0.001 4739 148 0.8503 1.00
B74 ASH15 27677 1821 92 <0.001 3280 136 0.8362 1.50
B75 ASH15 76700 2062 277 <0.001 12.51 6.2 0.8543 0.72
B76 ASH15 23478 998 47  <0.001 35,57 20.8 0.8430 0.99
B77 ASH15 13774 2053 62 <0.001 55.19 57 08479 1.10
B78 ASH15 18045 1615 42 <0.001 64.72 19.8 0.8375 1.40
B79 ASH15 43373 2088 155  <0.001 2254 123 0.8530 1.10
B8O ASH15 17372 1483 69 <0.001 35.86 15.1 0.8351 1.30
B81 ASH15 132210 718 651 <0.001 1.86 55 0.8631 0.53
B82 ASH15 136264 1608 610 <0.001 445 16.1 0.8659 0.53
B83 ASH15 25203 1554 113 <0.001 23.22 89 0.8584 1.00
B84 ASH15 68059 1715 256 <0.001 11.32 105 0.8627 0.61

Table 1 (continued)

4. Result and conclusions

The U and Pb content of the re-deposited travertine (TRA) from Untermassfeld varied from 710 to 2220 ppb
and 64 to 2900 ppb, respectively (Table 1). This resulted in 238U/?%Pb ratios of 1.8 to 51 at 2%’Pb/?%Pb
of 0.821 to 0.834. Plotted on the Tera-Wasserburg diagram, the data points define a linear array in the
207pp/206ph vs 238U/206Ph space with a weak negative slope, which reflects the production of radiogenic Pb
due toin situ decay of U since carbonate crystallisation (Fig. 1). The age of travertine precipitation is defined
by the lower intercept with the Concordia curve at 1.22 + 0.48 Ma BP. The intercept with the Y-axis points
to an initial 297Pb/?%Pb composition of 0.827 + 0.001. The U decay system is, however, commonly out of
equilibrium in young carbonates with initial excess of 234U and shortage of 23°Th. Travertines have typical
initial 224U/238U activity (*3*U/238U)) of 1.3 t0 1.9 (e.g., Frank et al. 2006) and 23°Th/?38U; < 0.1. Correcting the
obtained data for 224U/?38U; of 1.5 + 0.4 and 23°Th/?38U; of 0.1 changes the lower intercept age to 1.14 +
0.48 Ma BP, which is interpreted to be the best age estimate for the travertine precipitation.

Despite a relatively high degree of uncertainty, our result provides the first absolute dating based on radiogenic
isotopes from the stratigraphic sequence of the Untermassfeld fossil site. The travertine originally comes from
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Fig. 1 238U/%%Pb versus 297Pb/2%Pb isotope data of 57 spot analyses of travertine re-deposited in the fossiliferous lower part of Upper
Fluviatile Sands [UFS(I)] of Untermassfeld: Data obtained by LA-SF-ICP-MS within an area of 1cm? of a thick section. The data define a
linear array that is interpreted as an isochron, which intercepts at 1.22 + 0.48 Ma BP with the Concordia of the U-Pb system. A correction
for disequilibration in the U decay system, assuming 23*U/238U; of 1.5 + 0.4 Ma BP and 23°Th/238U; of 0.1 (see text for details), decreases
the lower intercept age to 1.14 + 0.48 Ma BP. Uncertainties on the initial isotope disequilibration are small (e.g., 0.2 Ma BP for + 0.4 on
the 234U/?38U;) compared to the obtained lower intercept age uncertainty. The latter is caused by the low amount of radiogenic Pb formed
in c. 1.2 Ma and the limited spread in the 238U/2%Pb.

the clastic mudflow fan (CMF), which caused the deposition of large amounts of necromass on its lee side
during the accumulation of both Lower and Upper Fluviatile Sands [LFS and UFS(l)]. The dated rock was re-
deposited in the fossiliferous lower part of Upper Fluviatile Sands as cover to a sandy carbonate breccia (SCB).
The age constraint of about 1.14 Ma BP confirms the previously reported magnetostratigraphic result of Wie-
gank (1997), i.e. the identification of a change from reverse to normal polarity, detected within the LFS below
the bone accumulations as the onset of Jaramillo polarity subchron, with an absolute age of 1.071 Ma BP.
The U-Pb SSI dated travertine was transported into the fossiliferous UFS(l) along with the majority of the
Untermassfeld fossil finds. Therefore, the original travertine formation upslope of the site around 1.14 Ma BP,
predates the age of the corresponding faunal remains of the UFS(I). Moreover, due to their embedded po-
sition, the fossil bone concentrations of both the Lower and Upper Fluviatile Sands [LFS and UFS(l)] are
younger than the detected onset of the Jaramillo magneto-subchron (see above). The U-Pb age of the
re-deposited travertine predates both the onset of the Jaramillo magneto-subchron and the accumulation
of necromass at the site. Thus, the dated travertine supports the assignment of the Untermassfeld fossil
assemblage to the time span of the Epivillafranchian biochron (Kahlke 2007; Kahlke et al. 2011).
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