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Age constraints of reduetion spot formation from
Permian red bed sediments, northern Switzerland, inferred

from U-Th-Pb systematics

by Beda A. Hofmann' and Robert Frei2

Abstract

Uranium is commonly concentrated in the core (dark centre) of small-scale (1 to 10 cm diameter) chemically redueed
spheroidal rock volumes (reduetion spots) in red bed sediments.The U-Th-Pb relations of reduetion spots from
Permian red beds ofnorthern Switzerland were investigated. U-Pb data of 17 samples from 12 reduetion spots and their
host rocks selected from the Kaisten, Riniken and Weiach boreholes reveal that Pb and U, including short lived 238U

daughter elements, were mobile during and after formation ofthe spots.Th was mobilized only very locally. Bleached
haloes around mineralized cores are depleted in Pb by 60 ± 10% compared with bulk rocks. Less than 5% of the
mobilized Pb re-aecumulated in the cores. U-rich cores of reduetion spots do not yield meaningful U-Pb ages due to
significant mobilization of short-lived daughters of 238U and of radiogenic Pb. Ages calculated from microprobe analyses

of selected large grains of uraninite from reduetion spot cores form two probability maxima at 138 Ma (Juras-
sic/Cretaceous) and 45 Ma (Tertiary). The age of reduetion spot formation is believed to correspond to the former
probability maximum while the latter may represent a remobilization event in the Tertiary. Two pairs of host rock
and halo yield a 232Th-208pb isochron age of > 105 ± 12 Ma and demonstrate the feasibility of Th-Pb dating of red
bed bleaching phenomena. Formation of reduetion spots in northern Switzerland appears to have occurred during
the Lower Cretaceous (100 to 140 Ma), corresponding to a sedimentary cover of at least 1000 m.

Keywords: red beds, Permian, redüMan spots, U-Th-Pb systematics, daughter element loss, northern Switzerland.

1. Introduction sized centres of the reduetion spots (Mempel,
1960; Harrison, 1975; Hofmann, 1991a). Most

1.1. GENERAL FEATURES enriched elements occur as discrete, usually very
OF REDUCTION SPOTS fine-grained minerals (Fig. 2) impregnating a host

rock matrix. The haloes are depleted in Fe. Re-
Small-scale (1 to 10 cm diameter), spheroidal, duetion spots are the result of local, small-scale,
chemically redueed volumes (reduetion spots, see diffusion-controlled redox processes operating in
Fig. 1), are present in red beds of different age in red beds. The identity of the reduetants involved
many parts of the world (e.g. Maw, 1868; Carter, is uncertain, but the existence of a mobile, kineti-
1931; Perutz, 1940; Tanton, 1948; Mempel, 1960; cally inert reduetant which is converted at discrete
Harrison, 1975; Curiale et al., 1983; Hofmann, sites of catalysis is considered to be likely (Hof-
1990,1991a). Reduetion spots consist of a dark, mann, 1991a, 1992). Formation of reduetion spots
mineralized core often surrounded by a pale halo. strongly depends on temperature which is related
The near-spherical shape in Consolidated red bed to depth of burial and, therefore, age of formation.
clays indicates that their formation largely post- Dating such features is an important step towards
dated compaction. Enrichments of rare elements an understanding of their formation mechanisms.

- predominantly U, V, As, Ni, Co, Pb, Cu and Se - First attempts to dating reduetion spots from
generally occur in the millimetre to centimetre northern Switafiland based on chemical (micro-

1 Naturhistorisches Museum, Bernastrasse 15, CH-3005 Bern, Switzerland. E-mail: hofmann@nmbe.unibe.ch
"Gruppe Isotopengeologie, Mineralogisch-petrographisches Institut, Erlachstrasse 9a, CH-3012 Bern,

iHKJIftzerland. E-mail: robert@mpi.unibe.ch.
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Fig. 1 Typical reduetion spot in Permian red bed
claystone from northern Mfflzerland (Kaisten drill hole,
214.9 m depth).
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Fig. 2 Photomicrograph of a mineralized reduetion
spot core (Kaisten, 214.9 m) showing the extremely
finegrained nature of uranium minerals (grey) intergrown
with clay matrix (black) and the mtimatdopsociation of
uranium minerals withjplausthalite (PbSe). Reflected
light, oil immersion.

probe) U-Pb analyses, K-Ar dating and com-
paction estimates yield Cretaceous and Jurassic

ages (Hofmann, 1990). K-Ar roscoelite ages of
112 £ 2,173 12 and 190 ± 2 Ma may be influenced
by inherited detrital components and should be
regarded aslöaximum ages. Uranium series
investigations show that samples at depth are in secular

equilibrium (Hofmann, 1991b), indicating that
no significant deposition or removal of U
occurred during the last 0.5 Ma.

1.2. OBJECTTVE OFTHIS STUDY

The objective of this study was to obtain an accurate

age of reduetion spot formation in northern
Switzerland. As shown in this work, however, the

U-Pb System in mineralized cores of reduetion
spots proves unsuitable for obtaining formation
ages. Nevertheless, U-Th-Pb systematics yield in-
sight into the processes of reduetion spot formation

and diagenetic redox processes in general
and can be used to obtain a 232rrh-208Pb minimum
aee of halo formation.

Mm. PROBLEMS ENCOUNTERED WHEN
DATTNG FINE-GRAINED U-MTNERALS

Attempts to date fine-grained uranium minerals
from sediment-hosted mineralizations commonly
result in inaccurate ages or even fail because
closed system requirements were not met (Ludwig

et al., 1982; Ludwig et al., 1984; Ludwig and
Simmons, 1992). Diagenetic uranium minerals
such as coffinite, uraninite and brannerite
commonly are extremely fine-grained. Several

processes of daughter element loss from
finegrained minerals are possible: alpha recoil,
recrystallization due to Ostwald ripening, leaching from
damaged lattice sites, and metamictization (coffinite

and brannerite). Because the intermediary
daughters of ^U have half-lives much longer
than those of the 235U decay series, mobility of
intermediary daughters may affect 238Tj_206pio ages
to a greater extent. Strongly discordant U-Pb ages
and abnormally high 2mFbP06Pb ratios suggest
238U series mobility. Because loss of 226Ra

(relatively long half life, mobility) and 222Rn (highly
mobile) is most likely, radioactive equilibrium
may be retained between 2XrYh, 234U and ^U as

observed in deep-seated reduetion spots from
northern Switzerland (Hofmann, 1991b). In addition

to the small size of individual grains of U
minerals which results in a large specific surface
area, the volume of U mineralized rock (typically
1 cm3 or less) is|mall which renders this type of
samples particularly susceptible to open-system
behaviour.

2. Geologic setting, samples and techniques

2.1. GEOLOGIC SETTING OF THE PERMIAN
IN NORTHERN SWITZERLAND

The geologic setting and sedimentology of the
Permian of northern Switzerland has been
described by Matter (1987). Reduetion spots are
present in coarse-gramed alluvial fan sediments
and playa mudstones. Permian red beds as well as
Permian and Carboniferous organic-rich
sediments are located in a complex graben structure
in the crystalline basement (Diebold et al., 1992).
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Fig. 3 Sketch map showing subcrop and outcrop of Permian red bed sediments in northern Switzerland and
adjoining southern Germany. Also shown is the Schwarzwald crystalline complex.

The Permian red beds are overlain by 800 to
1000 m of Mesozoic and up to several 100 m of
Tertiary and Quaternary sediments. The maximum

depth of burial thus varies from about 1500
to 2500 m.

The present study employing microprobe- and
isotopic techniques is based on samples taken
from the Kaisten, Weiach and Riniken boreholes,
located at different positions in the
Permocarboniferous graben in central northern Switzerland

(Fig. 3). These boreholes were drilled in the
years 1983-1984 as part ofa regional investigation
program by Nagra (Swiss National Cooperative
for Radioactive Waste Disposal). The geology of
these drill holes was described in detail by Matter

et al. (1988 a, b) and Peters et al. (1989).
Permian red beds were intersected at a depth ranging
from 125 to 297 m (Kaisten), 816 to 1801 m
(Riniken) and 991 to 1170 m (Weiach). Reduetion
spots are abundant in drill cores from each of the

above mentioned boreholes (Hofmann, 1990).
One sample (Kai 351) was taken from a reduetion
spot located in altered gneiss just below the base
of Permian sediments. Microprobe analyses were
additionally performed on samples from Permian
mudstones from the Weierfeld borehole (drilled
in 1875) near Rheinfelden, Switzerland (Fig. 3).

2.2. SAMPLES

Samples of drill cores containing reduetion spots
were selected from Nagra's core depot. Samples
of U-rich reduetion spots were identified using a

Geiger counter. Mineralized cores from each
reduetion spot were gently crushed and fragments
of a few milligrams weight were selected for U-Pb
analysis by comparing U and Pb peak heights in
XRF scans to avoid sampling Pb-rich portions of
the spots. U-rich subsamples were further identi-
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fied by means ofqualitative radioactivity (a + ß + 7)
measurements. Due to the extremely fine-grained
nature of the U-minerals and their intergrowth
with other minerals it was not possible to obtain
pure mineral separates for analysis.

U-Th-Pb systematics investigations of host
rocks, bleached haloes and clausthalite (PbSe) in
cores were carried out on two reduetion spots
from Kaisten (Kai 208.6 m, Kai 214.9 m). Polished
sections were prepared from representative
sections of each mineralized core for optical
microscopy and electron microprobe analysis of
uranium minerals for U,Th and Pb with the objective
to calculate chemical ages.

2.3. TECHNIQUES

Microprobe analyses were performed with a

CAMECA SX-50 microprobe operated at 15 kV
and 20 nA using U and Pb metal,Th02 and na|§äp
al and synthetic minerals as Standards. Chemical
ages were iterated with the assumption that no
common Pb is present (Hofmann, 1989; Bowles,
1990):

Pb/U^^Ste*238*1
+ Th/U(e«32'

l) + 0.0072(e*
-1)

-1) +

where Pb/U and Th/U are molar ratios.
For the selection ofwhole rock samples and

investigation of Pb geochemical behaviour, powder
tablets were analyzed for U, Th and Pb by XRF
with an error of about 10% at the 10 ppm level. In
some samples, Pb concentrations determined by
XRF were checked by AAS and found to be in
close agreement. Th was determined by ICP-MS
using a Na20-sinter decomposition method by
XRAL laboratories with a stated error of 2%.

In the host rocks of the reduetion spots total
Pb was analyzed using a HCl-HN03-decomposi-
tion method. Labile Pb was analyzed in leachates
obtained by cold leaching of rock powder with IN
HCl for 6 hours. Pb from both types of treatments
was purified on 0.5 ml quartz glass columns
charged with DOWEX AG 1x8 anion exchange
resin, using a mixed HBr-HCl elution chemistry.
The procedure blank amounted to ~ 300 pg total
Pb. U and Pb from the dissolved U-rich minerals
were separated on miniaturized 150 p.1 Teflon
columns applying the same reagents as for the
bulk rock samples. This procedure resulted in a
blank of ~ 45 pg total Pb. U was purified using
HNO3 on the same column. The purified Pb samples

were dissolved in a silica gel-phosphoric acid
mixture and subsequently transferred to 20 u.m
Re filaments. Pb analyses were carried out using a

VG Sector mass-spectrometer. U was analyzed in

a triple Ta-Re-Ta filament setting on a single cup
AVCO mass spectrometer. For this the samples
were dissolved in 0.1 N HNO3 and loaded on both
laterally positioned Ta filaments. Fractionation of
the NBS 981 Pb Standard amouÄd to 0.85 10.13

per mil /AMU (n 85). Errors of the measured Pb

isotope ratios are reported at the la level and are
corrected for fractionation and blank contribution.

All age errors in.this paper are reported on a

lo level.

3. Results and discussion

3.1.MINERALOGY OF U IN REDUCTION SPOT
CORES AND CHEMICAL AGES BASED ON

MICROPROBE ANALYSES

In the mineralized reduetion spots pitchblende
(uraninite) and coffinite are common whereas
brannerite, uraniferous leueoxene and an uniden-
tified U-As-oxide mineral are less abundant. The
diameter of optically homogeneous grains of
uraninite, which is usually the largest mineral,
never exceeds 50 to 100 um, more typical are di-
ameters of 1 to 5 pm. In many samples a substantial

amount of uranium occurs in mineral grains
< 1 um in diameter (Fig. 2). Hence, the uranium
minerals accessible to single mineral microprobe
analysis are not necessarily representative for the
bulk of the uranium present in a mineralized core.

Chemical ages of uranium minerals in reduetion

spots based on microprobe analyses are
reported in table 1. Coffinite and brannerite are subject

to metamictization and Pb loss from these
minerals is indicated by very variable Pb/U ratios,
not considered to be age indicators, therefore.
Uraninite has a very stable crystal lattice and
commonly is not metamictized.Thus, Pb- or U
redistribution is less likely. The Standard deviation
of Pb/U ratios measured at different u,m-sized

spots within a single mineral grain or a group of
petrographically identical grains may be
influenced by a number of natural and analytical
factors such as grain siz|||§nall-scale Pb remobilization

without Pb loss, bulk Pb loss and count statistics.

Large Standard deviations may thus be
present while the chemical age may still close to the
formation age. Small Standard deviations indicate
homogeneous Pb distribution and no Pb loss.

Ages with smaller Standard deviations are more
likely, but not necessarily, closer to the formation
age, therefore. The influence of nonradiogenic Pb

on microprobe-derived Pb/U is considered in-
significant based on the incompatibüity of Pb in
the U02 lattice and very Bpr Pb-contents in
Tertiary uraninites from Pb-rich environments (Hofmann

and Knill, 1996).
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Tab. 1 U-Pb chemical ages based on microprobe analyses of U-minerals in reduetion spot cores.

Sample Mineral Uwt% Th wt% Pb wt% chemical age
[Ma]

± la
[Ma]

n *

Rin 819.0 uraninite 67.05 0.02 0.41 43 6 18
Rin 819.0 uraninite 66.13 0.42 0.03 45 4 6

Rin 819.0 uraninite 58.58 0.03 0.42 51 9 5
Rin 819.0 brannerite 28.64 0.07 0.69 183 59 11

Rin 834.0 uraninite 69.06 0.18 0.41 43 16 23
Rin 834.0 uraninite 71.00 0.03 0.81 81 13 11

Rin 867.0 U-As-Si-O 30.53 0.04 0.31 75 21 16
Rin 900.0 uraninite 61.17 0.27 0.40 47 9 15
Rin 908.0 uraninite 69.65 0.03 0.43 43 14 10

Rin 999.0 uraninite 59.05 0.01 0.23 27 11 7
Rin 1639.0 l uraninite 76.45 0.08 1.47 135 25 6
Rin 1639.0 uraninite 65.34 0.52 1.23 135 7 6
Rin 1639.0 ' brannerite 40.48 0.00 0.55 96 30 6
Rin 1639.0 brannerite 38.30 0.25 0.50 96 28 3

Kai 145.0 uraninite 70.40 0.07 1.46 146 33 7
Kai 208.7 uraninite 74.33 0.02 1.13 108 11 5
Kai 351.0 U-As-O 64.08 0.44 0.07 8 5.6 21

Wei 1038.6 uraninite 74.38 0.01 0.42 40 14 10
Wei 1043.0 uraninite 74.42 0.06 1.42 148 21 6
Wei 1043.0 uraninite 72.46 0.01 0.52 49 7 5
Wei 1046.0 uraninite 70.92 0.03 0.41 41 10 17
Wei 1076.0 ' uraninite 79.60 0.00 1.68 138 12 8

Wef 125 uraninite 61.23 0.07 1.22 140 6 3
Wef245 uraninite 55.46 0.02 0.18 23 9 14
Wef 245 ' uraninite 66.73 0.03 1.08 113 67 6

data from Hofmann (1990)
number of spot analyses

A histogram of the superimposed chemical
ages of analyzed uraninites based on the data of
table 1 is presented in figure 4. Two probabihty
maxima at 138 and 45 Ma are evident. Based on
Chi-square testing, only the single value of 108 ±
11 Ma cannot be ascribed to two normal distributions.

We believe that the maximum at 138 Ma
reflects the primary formation age, with limitations
set by unknown common Pb content and possible
radiogenic Pb loss.The maximum at 45 Ma may be
either due to continuous or episodic Pb loss or
may represent a second event of pitchblende
generation or -recrystallization during the Tertiary. A
Tertiary event might be related to increased heat
flow and/or Tectonics in context with the uplift of
the Schwarzwald and subsidence of the
Rhinegraben as is reflected, e.g., in the Krunkelbach
uranium deposit (Hofmann and Eikenberg, 1991).

The uraninites yielding the higher ages are
often significantly coarser grained than those of the
lower age group. Both types of ages were obtained
from all boreholes and even in single samples (e.g.
Wei 1043.0, Wef 245). Based on microscopic
examination, samples Rin 1639.0 (135 ± 7 Ma, Hof¬

mann, 1990 reported 135 ± 25 Ma based on analyses

with an ARL-SEMQ microprobe) and Wei
1076.0 (138 ± 12 Ma) appear the most reliable and
are identical within error with the peak of the
frequency distribution (Fig. 4). In the first sample,
uraninite occurs as partly idiomorphic crystallites
up to 5 um in size. In the latter, uraninite occurs as
botryoids up to 20 pm in the smallest dimension
and is fully enclosed in organic material
(Hofmann, 1993).

Th concentrations in all investigated uranium
minerals are very low with an average Th/U ratio
of 0.0023 ± 0.0020. One sample (Kai 351.0) represents

an exception (Th/U 0.007), as was already
established in previous work with an independent
method (Hofmann, 1991b).

3.2. BULK LEAD GEOCHEMISTRY
IN REDUCTION SPOTS

Pb-analyses of six pairs of redbed host rocks and
reduetion spot haloes from northern Switzerland
and from nearby SW Germany (Tab. 2) show that
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100

age Ma

Fig. 4 Histogram of chemical U-Pb ages obtained by
superimposing normal distributions of age probability
for the 20 uraninite samples listed in table. LAU samples
are from the Permian of northern Switzerland.

Tab. 2 Comparison of Pb and Fe concentrations in red
beds and reduetion spot haloes.

Sample Pb Pb loss Fe Fe loss

ppm % wt% %

Mumpf red beds 26.5 2.77

Mumpf halo 10.0 62.3 0.63 77.3
Weierfeld red bed 26.0 4.44
Weierfeld halo 8.9 65.8 2.01 54.7
Weitenau red bed 40.0 5.16
Weitenau halo 11.1 72.3 2.68 48.1

Kai 208.6 red bed 46.8 n.a.
Kai 208.6 halo 18.1 61.3 n.a.
Kai 214.9 red bed 51.2 n.a.
Kai 214.9 halo 21.9 57.2 n.a.
Kai 230.0 red bed 48.0 4.55
Kai 230.0 halo 28.0 41.7 2.84 37.6

n.a. not analyzed

haloes are systematically depleted in Pb by 60 ±
10%.The mobility of Pb in reduetion spot haloes
is similar to that of Fe (Tab. 2) while no other
elements are significantly depleted in the haloes
(Hofmann, in prep.). The depletion of Fe is best

explained by reduetive dissolution of ferric
(hydr)oxides and subsequent diffusive transport.
The associated Pb depletion may result from
dissolution of ferric oxides possibly acting as Pb carrier

phases. In the mineralized reduetion spot
cores, Pb occurs in several minerals. We assume
that the Pb present in these minerals is part of the
Pb mobilized during halo formation. Clausthalite

(PbSe) is abundant whereas altaite (PbTe) and
galena (PbS) are rare. Mass balance calculations
for the reduetion spots Kai 208.61 and Kai 214.96

suggest that the Pb present in the mineralized
cores corresponds to about 5% of the Pb mobilized

from haloes. The amount of Pb mobilized
from reduetion spots corresponds to a bulk rock
pore fluid Pb content of 10-20 ppm assuming
6 vol.% haloes in bulk rock (Hofmann, 1990).
While the amount of Pb mobilized from the bulk
rock is significant, the site of re-preeipitation is

uncertain.

TabL 3 U-Pb data for U mineralized reduetion spot cores from Permian red beds, Northern Switzerland. Due to
the heterogeneity of mineralized reduetion spots, the analyses are not representative for whole mineralized spots

Sample borehole weight DM04pb u Pbrad Pbrad 206/207 235/207 207/235 206/238 207/206

(number (me asured) (calc ilated*)
depth) [mg] (%) (ppm) (%) [Ma]« [Ma]» [Ma]»

Rin 819 Riniken 3.61 20.39 3.07 196.0 6.5 1.71 5.38 173.0 14.8 4470

Rin 834b Riniken 22.44 35.32 0.76 16.6 19.4 13.95 43.41 23.1 15.0 977

Rin 835 Riniken 0.74 29.35 6.73 76.4 13.2 17.75 104.54 9.7 7.9 465

Rin 867b Riniken 13.13 21.40 0.42 9.2 7.6 2.50 16.67 59.2 7.0 3910

Rin 1639 Riniken 0.33 60.37 12.20 407.0 36.5 17.20 33.57 29.8 23.9 535

Kai 162.9 Kaisten 4.53 24.71 4.07 6.8 8.4 7.73 329.27 3.1 1.1 2090

Kai 214.9 Kaisten 3.38 21.61 0.87 22.9 3.6 16.06 37.27 26.9 20.1 685

Kai 351 Kaisten 0.65 22.88 0.95 13.1 6.0 12.12 64.05 15.7 8.8 1257

Wei 1043.8 Weiach 0.63 21.36 5.01 39.6 4.2 4.72 47.52 21.2 4.6 2920

Wei 1046.4 Weiach 3.66 31.36 5.24 4.1 16.0 8.49 758.73 1.3 0.5 1924

Common Pb correction: average whole rock Pb of Kai 208.61 and Kai 214.96, corrected back to 120 Ma:
206/2<wpb 18.668,2°7/2<wpb 15.701.

no errors reported because uncertainty due to common Pb correction larger than analytical error.
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Fig. 5 206pt>/207pt> versus **\3pxrph plot (adopted from
Ludwig and Simmons, 1992) of U-mineralized reduetion

spot samples from northern Switzerland. All samples

are highly discordant with indications of loss ofboth
^U short liyed daughter elements and radiogenic Pb.
The concordia is shown with reference age points in Ma.

3.3. U-Pb DATING OF U-RICH CORES,
LEAD MINERALS

U-Pb data of U-mineralized reduetion spot cores
are presented in table 3 and figure 5. All samples
are highly discordant with ^'Pb/^Pb of 0.03-0.56

||||pesponding to " ages" of up to 4.7 Ga indicating
a large loss of 23SU daughters. z^U-^Tb ages,
assumed to be least affected by daughter element
migration, are largely Tertiary and possibly indicate

an event of Pb mobilization or uraninite
recrystallization during this time. The U-content of
the analyzed samples ranged from 0.4 to 12.2%,
indicating the presence of approximately 0.6 to
18% uraninite.

Pb isotope data of clausthalite (PbSe) from
cores of reduetion spots are presented in table 4
together with U-Th-Pb data of haloes and host
rocks. This Pb is significantly more thorogenic
than the inferred bulk rock Pb initial (see 3.5.),
indicating that Pb mobilized from haloes and
partially fixed as clausthalite in the cores of reduetion
spots was enriched in radiogenic Pb when
compared to that present in the bulk rock.

3.4. LEAD ISOTOPE SYSTEMATICS OF
BLEACHED HALOES AND HOST ROCKS

In figure 6 a, b Pb isotope ratios of red host rocks,
bleached haloes, Pb minerals (clausthalite) and a
whole rock leach are presented. Pb isotope ratios
from the halo are more radiogenic than those
from the host rocks. A halo-red bed tie-line with
bulk rock samples in the z^Pb/^Pb-^Pb/^Pb

Q.
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Fig. 6 Pb-Pb plots for red bed and halo total Pb, red
bed leach and clausthalite in samples Kai 208.6 and Kai
214.9.
a) zrcpb/^Pb versus 207Pb/204Pb. A slope of 0.036 defined
by red bed- and halo samples (filled symbols)
corresponds to a negative 207Pb/206Pb age, indiörnng selective
206Pb-enrichment due to mobilization from cores to
haloes.
b) 206pb/»ipb versus ^Pb/^Pb. Note enrichment of
thorogenic Pb in haloes.

plot (Fig. 6a) corresponds to a 20rPbP^Pb ratio of
0.036, which results in a negative age. This clearly
indicates that 206Pb, but not 207Pb, has been added
from migrating intermediary daughter elements
of 238U, consistent with the inferred loss of 238U
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Tab. 4 U-Th-Pb data of the main zones in two reduetion spots from Kaisten

U Th Pb 206/204 ±lcr 207/204 ±lo- 208/204 ±lrr i32Th/2Mpb

(ppm) (ppm) (ppm)

Sample analyzed phase

Kai 208.6* red host rock, total 7.1 16.2 46.826 18.984 0.010 15.664 0.011 38.785 0.035 23.00

Kai 208.6* halo, total 21.8 14.6 18.146 19.460 0.012 15.680 0.012 38.943 0.037 53.96

Kai 208.6 PbSe in core n.a. n.a. n.a. 18.950 0.012 15.660 0.014 38.730 0.047

Kai 214.9* red host rock, total 7.2 17.1 51.248 18.947 0.010 15.660 0.011 38.782 0.035 22.17

Kai 214.9 red host rock, leach n.a. n.a. n.a. 19.007 0.012 15.742 0.015 39.047 0.048

Kai 214.9* halo, total 7.1 16.5 21.935 19.285 0.009 15.673 0.010 38.932 0.033 5032

Kai 214.9 PbSe in core n.a. n.a. n.a. 19.054 0.012 15.677 0.014 38.757 0.047

* weighted mean of two dry split aliquots
n.a.: not analyzed

daughters from the cores. Halo-bulk rock tie lines
in the 238Tj/204pb-206pb/204pb and ^u^Pb- 207Pb/

204Pb arrays (not shown) correspond to "ages" of
roughly 800 and 500 Ma, respectively, indicating
that besides ^U daughters, radiogenic Pb (206Pb

and 207Pb) migrated from the cores to the haloes.
Loss of radiogenic Pb may have been either
continuous or episodic. The red bed leach is higher in
207pb/204pb and 2°8Pb/204Pb, indicating an enrichment

in radiogenic components in soluble minerals

(Fe-hydroxides). The leach is not in isotopic
equilibrium with the residue.

39.0 -

38.9 -

Bleached
Haloes

r y^
38.8-

38.7-

PbSe
>

Red Ho. t Rocks

0 10 20 30 40 50 60

232Th/204Pb

Fig. 7 232Th-208Pb isochron plot for two pairs of haloes
and host rocks (Kaisten 208.6 m and 214.9 m).The slope
is 0.0052 ± 6 yielding an age of 105 ± 12 Ma. Also plotted

are clausthalite (PbSe) lead isotope data for the
same spots. Error in 232Th/204Pb is 2% (similar to symbol
size).

3.5.Th-Pb DATING OF BLEACHED HALOES
AND HOST ROCKS

Bleached haloes have significantly higher Th/Pb
ratios than bulk rocks because they are strongly
depleted in Pb while Th concentrations were not
affected. This allows, in principle, for the determination

of 232'ph_208pb (nrinimum) ages of halo
formation, or, more precisely, of Pb depletion. This
approach was used on two host rock-halo pairs
from two reduetion spots (Kai 208.6 m, Kai
214.6 m). Data are presented in table 4 and in a
232Th/204pbJ0spb/204pb (isochron) plot (Fig. 7).
The slope of the isochron yields an age of 105 ±
12 Ma. Any value obtained by this method represents

a minimum age because selective leaching of
radiogenic Pb isotopes from the halo during Pb

depletion is likely, resulting in an initially negative
slope of the isochron. For this reason, the
208pb/204pb ratio probably was shghtly lower in the
halo than in the bulk rock just after halo formation.

Possible deposition of mobilized Pb in the
red bed surrounding the halo is considered to be

quantitatively insignificant based on mass balance
calculations.

The large error ofthe slope, due to the limited
spread of Th/Pb ratios, precludes close age
constraints. However, based on these data a Cretaceous

age of halo formation is probable. The fea-
sibility of a 232Th-208Pb approach to date red bed
bleaching phenomena is demonstrated. Immobility

of Th is confirmed by the low concentration
of this element in the analyzed U minerals from
reduetion spots in the Permian. Core material
of sample Kai 214.96, analyzed for Th by
ICP-MS yielding 13.0 ppm (host rock 17.1 ppm),
clearly shows that Th was not enriched but
rather diluted because of the addition of other
elements.
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4. Conclusions

The U-Pb isotopic system of reduetion spots is
characterized by significant loss of daughter
elements of 238U (perhaps ^Ra and 222Rn) as well as

of total radiogenic Pb. Daughter element loss is

most likely facilitated by the extremely small
grain size (< 1 pm) of the bulk of the uranium
minerals (Fig. 2). Additionally, high concentrations of
common Pb are present, typically as clausthalite.
The primary age of reduetion spot formation is

not preserved by the U-Pb system with only one
sample showing a Mesozoic 235Tj/207pb age. Near
concordant Tertiary ages may indicate an event of
radiogenic Pb mobilization or uraninite recrystallization.

Chemical ages based on microprobe
analyses of selected large grains of uraninite
appear to be least disffl:bed and define two age
groups near 138 and 45 Ma, demonstratlng that
grain size is an important factor for daughter
element. Loss of about 50% ofthe rock's Pb from the
bleached haloes results in an increase of
232Th/208pb ratios in biiüsirocks from 20-25 to
50-55, allowing the determination of z&Th/ 208Pb

minimum ages. This dating approach may be
applicable to red bed bleaching in general provided
that Pb mobilization is a feature not restricted to
reduetion spots.

The al|||lute age ofthe investigated reduetion
spots probably iaBower Cretaceous based on
consistent, but partially imprecise data: the lowest
K-Ar roscoelite age is 112 ± 2 Ma (Hofmann,
1990), the higher probabihty maximum of chemical

U-Pb ages is 138 Ma, and the 232Th_2ospb age
is 105 ± 12 Ma. The depth of burial in the Lower
Cretaceous was at least 1000 m (Kaisten) and up
to 2000 m for the deeper Riniken samples.
Whether reduetion spot formation was related to
a regional thermal or tectonic activity is unknown,
but the abundance of Mesozoic ages of
hydrothermal mineralizations in the Black Forest
area indicates that reduetion spot formation and
large scale mineralization events may have been
coeval. Many mineralizations in the Black Forest
area have post-Permian ages ranging from 240 to
50 Ma (Bonhomme et al., 1983; Mertz. 1987;
Kirsch, 1989; Hofmann and Eikenberg, 1991;
Lippolt and Siebel, 1991; Mertz et al., 1991;
Segev et al., 1991; Karpenko et al., 1993; Hagedorn

and Lippolt, 1994; Lippolt and Kirsch,
1994; Wernicke and Lippolt. 1993.1994,1995).
K-Ar-dating of Carboniferous and Permian
sediments from the Weiach well (Schaltegger et al.,
1995) yielded evidence of an event at 183 ± 5 Ma
in northern Switzerland. Whether the regionally
common Mesozoic ages represent several distinct
mineralizing events or continuous hydrothermal

activity is unknown. The results presented in this
paper demonstrate that the U-Th-Pb system of
small-scale redox Systems (reduetion spots) from
northern Switzerland is complex and disturbed.
As the majority of U is present in um-sized mineral

grains in reduetion spot cores, these are not
closed Systems for uranium daughters and
preclude dating by conventional U-Pb isotopic
methods.
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