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the case with fish exudate. Similarly, reduced size at maturity
in the TMA treatment was not associated with earlier mat-
uration, as it was for fish exudate. TMA caused a decrease
in fitness-related traits, as might any unspecific, mildly toxic
chemical substance. In contrast, fish exudate brought about
the expected shifts toward earlier reproduction and more but
smaller offspring. Although the experiments differed in sev-
eral respects (clones used, food level), the direction of re-
sponses was consistent in both.

The concentrations used in this study were based on the
results of Boriss et a. (1999), so that the lower level was
chosen to represent TMA concentration in naturally produced
fish exudate and the higher to match that which was reported
to induce pronounced migration behavior. The lower concen-
trations used (10-20 uM) produced rather weak effects, but
these effects were in the same direction as the effects of high-
er TMA concentrations. It is unlikely that even lower con-
centrations would produce effects similar to the effects of fish
exudate. A study by Reede (1995) showed that the response
of life history traits to fish kairomone increased with concen-
tration, and the reversal of that trend was never observed.

I conclude that TMA is not the substance triggering an-
tipredatory life history shifts in Daphnia.

* Corresponding author (Olga.Sakwinska@unibas.ch).
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Some considerations of the 2°Pb constant rate of supply (CRS) dating model

Abstract—One of the most widely used radionuclides in the
study of recent sedimentation processes is 2°Ph. Its depth pro-
file in sediments is used as input for various dating models,
which provide chronologies, mass fluxes, and sedimentation
rates. In this work we revisited the CRS (constant rate of sup-
ply) model, widely used for dating sediments through 2°Ph.
A more general hypothesis (periodic flux [PF]) was proposed
and, although it confirmed the validity of CRS chronology, a
detailed analysis of the mass sedimentation formula pointed
out an inconsistency of the cited model. A new mass sedi-
mentation formula was proposed and validated with a lake
sediment core and four marine sediment cores.

Lead-210 is one of the most widely used radionuclides in
recent radio-geochronology studies. This is basically due to
its appropriate half-life (T,, = 22.3 yr), which is suitable for
studying sedimentary processes that have taken place during
the last 100-150 yr and to the assumption that its atmo-
spheric flux is constant, which permits relatively simple

modeling of the natural 2°Pb cycle. Lead-210 found in sed-
iments has two components:. the supported 2°Pb, which orig-
inates from the 22Rn decay that occurs in the sediment, and
the unsupported 2*°Pb, which originates from the 2?2Rn decay
that occurs in the atmosphere and the water column. The
activity profile of the unsupported component is the input
data for 2*°Pb dating models, which are used to estimate the
chronology of the sediment (Appleby and Oldfield 1978).
Although modeling of the 2°Pb cycle would be desirable for
dating purposes, dating models generally use rough assump-
tions on the sedimentation processes.

The aim of this work is to revise the basic assumptions
of the constant rate of supply (CRS) model (Appleby and
Oldfield 1978) and to explore the validity of its mass flux
(sedimentation rate) formula.

Review of the CRS model—One of the most widely used
210ph sediment dating models is the CRS model. This model
is based on the assumption that there is a constant rate of
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Table 1. Nomenclature of formulae included in the text.

Nomenclature Interpretation

A 210ph decay constant (yr—1)

a Constant rate of supply of unsupported 2°Pb to
the sediment (Bg m=2 yr—1)

o Inventory of unsupported 21°Pb in the first sec-
tion (Bq m3)

a(t) Variable rate of supply of unsupported 2°Pb to
the sediment (Bg m=2 yr—1)

At Time interval (yr)

A(0) Total inventory of unsupported 2°Pb (Bq m—2)

A(X) Inventory of unsupported 2°Pb from depth x to
the bottom of the sediment (Bgq m—2)

A (t) Inventory of unsupported 2°Pb from the sur-
face during time t (Bq m—?)

C(x) Activty of unsupported 2°Pb (Bq kg ?) at
depth x

C, Activity of unsupported 2°Pb (Bq kg?) in the
first section

c’ Initial activity of unsupported 2°Pb (Bqg kg—2)
in the first section

n Number of time intervals

q Supply of unsupported 2°Pb to the sediment
(Bg m=2 yr1) in the PF model

r Mass flux (kg m=2 yr-1)

r' Mass flux during the formation of the first
section (kg m=2 yrt)

t Age (yr)

T Number of years required to form a section
(formation period)

X Depth (m)

supply of unsupported 2*°Pb to the sediment. The inventory
(Bg m=2?) of unsupported 2°Pb from depth x (age t) to the
bottom of the sediment column is

AX) = fm a-e Mt dt = A(0)-e D

where A(0) is the total inventory of unsupported 2°Pb, «
(Bg m=2 yr—1) is the constant rate of supply of unsupported
20Ph to the sediment, and A is the 2°Pb decay constant
(0.03114 yr—9). A full nomenclature list can be found in Ta-
ble 1. The equation

A(0) = % 2

relates the total inventory A(O) and the flux «. From Eg. 1

it is found that
1 _ A(0)
t= Iy |n<—A(x)>' (©)

In addition, Appleby and Oldfield (1978) provide a formula
to determine the mass flux. Let us designate r as the mass
flux (kg m=2 yr=1) in a section at depth x, A(X) as the inven-
tory (Bg m=2) of unsupported 2°Pb below depth x, and C(X)
as the activity (Bq kg*) of unsupported ?*°Pb for that sec-
tion. Thus, the unsupported 2*°Pb flux to the first section is

rC, = a. 4

Because of radioactive decay, the relationship between C,
and C(X) is

C, = C(x)e. ©)
From Egs. 1 and 2 it can be shown that
a = A(0)A = A(X)erA. (6)

And, finaly, by substituting C, and « (Egs. 5 and 6) in Eq.
4, the mass flux formulais

_ A-A(X)
=W (7

Sedimentation rates, v (m yr-), are found by dividing the
mass flux in a section by its dry density, p (kg m~3).

This paper discusses the chronology (Eq. 3) and the mass
flux (Eq. 7) proposed in the CRS model.

Proposed model: PF (periodic flux)—First of al, it was
noticed that the use of integralsin Eq. 1 intrinsically implies
the assumption of a continuously constant supply of unsup-
ported 2°Pb in the CRS model. Our first objective was to
check that the chronology (Eg. 3) is still valid when consid-
ering a more general hypothesis. There are severa studies
dealing with the 2*°Pb supply mechanisms to sediments (Tur-
ekian et al. 1977; Tsunogai et al. 1988; Heussner et al. 1990;
Thunell and Moore 1994) that show that the unsupported
210Pp flux to the sediment is time dependent, athough the
annual variations are possibly small. For this reason we con-
sidered the CRS hypothesis, which assumes «af(t) is constant,
to be too rigid, and we proposed a more general hypothesis:
the supply of unsupported 2*°Pb during a period of time At
(order of magnitude of years) is a constant g (Bq m=2 yr—1).
We named this hypothesis periodic flux (PF).

Considering the PF hypothesis, the accumulated activity
per square meter A (t) from the surface sediment to a depth
X during atimet = nAt (n =0, 1, 2, ...) was given by

A (t = n-At)
= At-q-(l 4+ @AMt 4 gA2At 4 4 e—A-(n—l)m) (8)

where q (Bq m=2 yr=%) was the unsupported #°Pb supply.
Solving the series we obtained

— e*)vAl-n

n—1 1
— n. — 0. —AAt)k — qQ—
At = n-At) = At-q ;) (e )k = At.q o 9)

The sum to an infinite time provided the total inventory A(0)
of unsupported 2°Pb in the sediment column

A(0) = At-g->, (e 1)« = At-q-
P 1

In order to obtain A(x), the inventory of unsupported 2°Pb
from the bottom to depth x, A.(X) was subtracted from A(0)

(10)

— e—)\-At.

1
A(X) = At-q-m-e*A'”A‘ = A(0)-ermt  (11)

A

and, thus, we obtained the following PF chronology formula

t(=n-At) = %-In(%)

which is identical to the CRS chronology formula.

(12
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Fig. 1. Activity profile of unsupported 2°Pb, core Redo-1, Cen-
tral Pyrenees (Spain).

Discussion of the chronology formulae—We showed that
the chronology formula proposed in the CRS model is cor-
rect even if the supply of unsupported 2°Pb is constant every
At years instead of being continuously constant. We con-
cluded that the success of the CRS chronology formula is

due to the fact that the chronology is not dependent on At,
as can be seen from Eq. 12.

It is worth noting that the CRS model is a particular case
of the PF model: when the interval At becomesinfinitesimal,
the more general discontinuous formulae (PF model) tend to
the particular continuous formulae (CRS model). Eq. 2 of
the CRS model is the particular case, when At — 0, of Eq.
10 of the PF model. If we consider the PF hypothesis to be
valid, the flux can be obtained from the following formula:

_AO ;o

At (1 — e, (13)
To determine the flux q we need to know the interval At. If
in a particular location experimental data on unsupported
210ph flux to the sediment exist, it should be possible to find
the time period At for which the supply can be considered
constant and then determine the flux g. If experimental data
are not available, we propose to choose the interval At as 1
yr according to climate cycles. For example, Biscaye et al.
(1988) showed that the unsupported 2°Pb fluxes present a
periodical behavior with seasonal variations and annual sup-
plies mainly constant. The use of Eq. 13 instead of Eg. 2 to
calculate the unsupported 2°Pb flux to the sediment provides
different flux estimates. For example, considering At = 1 yr,
the fluxes determined by the CRS and PF models differ only
1.6% due to the difference between A and [1 — exp(—AAt)]/
At. For longer periods, this difference would be larger: for
example, for At = 5, 10, or 15 yr, the differences would be
aslarge as 8, 16, and 25%, respectively. This difference does
not affect the dating of sediments because the flux does not
appear in the chronology Egs. 3 or 12.

Deduction of the mass flux formula—We pointed out ear-
lier that the use of integrals in Eg. 1 implied the intrinsic
assumption of a continuously constant supply of unsupport-
ed 2°Ph in the CRS model. For this reason Eq. 4 is assumed
to be valid for infinitesimal periodsin the CRS model, which
imposes a constraint on the rC, product. During these infin-
itesimal periods, the sediment column grows infinitesimal

Table 2. CRS model dating (Eq. 3) and mass fluxes calculated from the CRS model (Eg. 7), the CRS chronology (Eq. 18), and the PF
model (Eq. 17) of core Red6-1, Central Pyrenees. Uncertainties correspond to = 1 o.

Mass flux Mass flux Mass flux
Depth Dry mass Chronology Formation period (Eq. 7) (Eq. 18) (Eq. 17)
(cm) (gm=) (Ea. 3) (yn) (yn) (gm=2yr?) (gm=2yr?) (gm=2yrs)
0.0 121 1994* 104 = 0.9 13.6 = 0.5 116 = 1.0 116 = 05
0.3 246 1984 + 1 218 = 1.3 15.6 = 0.7 113 = 0.7 113+ 05
0.6 261 1962 = 1 20 = 14 173 = 06 12.8 = 0.9 128 = 05
0.9 268 1941 = 1 118 = 1.7 271 £ 15 23+ 3 227 14
12 396 1930 £ 1 19+2 278 £ 1.7 21 = 2 211+ 14
15 237 1911 = 2 133 223+ 17 184 184 = 1.6
18 339 1898 * 2 83 50 = 8 45 = 20 45 + 8
21 412 1890 = 3 15+ 4 34 =4 27 = 8 27 = 4
24 255 1875 = 3 5+5 50 = 17 46 = 40 46 = 20
2.7 267 1870 = 4 217 17 £3 134 13+3
3.0 417 1849 £ 6 T 13+ 3 T T

* Core surface: date corresponds to sampling date.

T Formation period of the last section is not available because the CRS model does not provide the age of the bottom of the unsupported 2°Pb profile.
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Table 3. Mass fluxes calculated from the CRS model (Eg. 7), the
CRS chronology (Eg. 18), and the PF model (Eq. 17) of core A6,
Bransfield Strait, Antarctica. Uncertainties correspond to = 1 o.

Table 4. Mass fluxes calculated from the CRS model (Eq. 7),
the CRS chronology (Eq. 18), and the PF model (Eq. 17) of core
EB-2, Foix canyon, Northwestern Mediterranean Sea. Uncertainties
correspond to = 1 o.

Mass flux Mass flux Mass flux
Depth (Eg. 7) (Eg. 18) (Eq. 17) Mass flux Mass flux Mass flux
(cm) (kg m=2yr1) (kg m=2yr1) (kg m=2yr?) Depth (Eq. 7) (Eq. 18) (Eq. 17)
00 164 = 0.08 16 + 05 159 = 0.08 (em) (kgm=yrs  kgmzeyrs)  (kgmyr)
1.0 1.60 = 0.08 16 £ 11 1.57 = 0.08 0.0 2.83 = 0.18 3+3 2.80 = 0.18
15 1.22 = 0.06 1.2 = 0.7 1.20 = 0.07 0.5 3.0+ 0.2 3+2 3.0+ 02
2.0 1.33 = 0.07 1.3 = 0.8 1.30 £ 0.07 1.0 2.67 = 0.16 26 = 15 2.61 = 0.16
25 1.39 = 0.07 1.4 = 0.9 1.36 = 0.07 15 2.88 = 0.16 28 = 1.6 2.81 £ 0.16
3.0 1.29 + 0.06 1.3 + 0.8 1.26 = 0.07 2.0 3.18 = 0.16 31+ 17 3.10 = 0.16
35 1.73 = 0.09 1.7+ 11 1.70 = 0.09 25 2.86 = 0.19 28 = 1.7 2.80 = 0.19
4.0 1.43 = 0.07 1.4 = 0.8 1.40 = 0.07 3.0 32+ 0.2 37+ 18 32+ 0.2
45 1.45 += 0.07 1.4 + 0.8 141 + 0.07 35 35+ 0.2 3+2 34 +02
5.0 1.16 = 0.07 1.1+ 05 1.12 = 0.07 4.0 35+ 03 +2 34 +03
55 1.15 = 0.07 1.1+ 05 1.11 + 0.07 45 36 = 0.2 +2 35+ 0.2
6.0 1.08 = 0.06 1.0 = 04 1.04 = 0.06 5.0 33+ 0.2 32+ 19 32+ 02
6.5 0.94 = 0.05 09 = 0.3 0.90 = 0.05 55 31+0.2 30+ 19 3.0+ 0.2
7.0 0.98 = 0.06 09+ 04 0.95 = 0.06 6.0 2.62 + 0.16 26 = 15 2.55 + 0.17
75 0.85 = 0.05 0.8 + 0.3 0.82 = 0.05 6.5 2.36 = 0.16 23 + 1.3 2.29 = 0.16
8.0 0.99 = 0.06 1.0 = 05 0.96 = 0.06 7.0 2.38 = 0.13 23+ 1.2 2.30 £ 0.13
8.5 0.87 = 0.06 08 =04 0.84 = 0.06 75 2.36 = 0.17 23+ 1.3 2.29 + 0.17
9.0 1.22 = 0.08 1.2 = 0.8 1.18 + 0.08 8.0 2.38 = 0.15 23+ 14 2.30 = 0.15
9.5 0.89 = 0.06 09 = 0.3 0.85 = 0.06 8.5 233 = 0.14 23+ 1.3 225 + 014
10.0 0.79 = 0.05 0.71 £ 0.14 0.71 = 0.05 9.0 217 = 013 21+ 13 2.10 £ 0.14
11.0 0.64 = 0.05 0.56 = 0.09 0.56 = 0.05 9.5 234 = 0.14 23+ 16 2.26 = 0.14
12.0 0.69 = 0.05 0.60 = 0.10 0.60 = 0.04 10.0 2.38 = 0.19 22 + 0.8 2.23 £ 0.19
13.0 0.71 = 0.06 0.63 = 0.14 0.63 = 0.05 11.0 2.10 = 0.17 20 = 0.8 1.97 = 0.17
14.0 0.67 = 0.06 0.57 = 0.09 0.57 = 0.05 12.0 1.49 = 0.12 1.3 + 0.3 134 £ 011
15.0 0.72 = 0.07 0.64 = 0.17 0.64 = 0.06 13.0 1.80 = 0.16 1.7 = 0.6 1.65 = 0.15
16.0 0.52 = 0.04 0.42 = 0.07 0.42 = 0.04 14.0 1.76 = 0.17 16 £ 05 157 = 0.16
17.0 0.51 = 0.05 0.41 = 0.10 0.41 = 0.05 15.0 1.7 = 0.2 1.6 = 0.6 157 £ 0.19
18.0 0.43 = 0.06 0.34 = 0.08 0.34 = 0.05 16.0 1.7 £ 0.2 15 *+ 0.6 15+ 02
19.0 0.38 = 0.07 0.30 £ 0.11 0.30 = 0.06 17.0 1.21 = 0.15 1.1+ 03 1.06 = 0.14
20.0 0.53 = 0.14 05+ 0.3 0.46 = 0.13 18.0 1.12 = 0.15 1.0 = 0.3 0.96 + 0.14
21.0 045 *+ 011 0.36 = 0.19 0.36 = 0.10 19.0 1.1+ 0.2 1.0 = 04 0.97 = 0.18
22.0 0.34 £ 0.12 0.26 = 0.17 0.26 = 0.10 20.0 15+ 0.3 1.3 =+ 0.8 1.3 +£03
23.0 0.22 = 0.11 0.13 = 0.06 0.13 = 0.07 21.0 1.1 + 0.2 09 + 05 09 £ 0.2
24.0 0.14 = 0.09 * * 22.0 08 = 0.2 0.7 = 0.3 0.66 = 0.18
- - P - 23.0 0.46 = 0.12 0.29 = 0.12 0.29 = 0.09
* Formation period of the last section is not available because the CRS
model do%pnot provide the age of the bottom of the unsupported 2°Pb %‘518 82 :—: 82 0.28 ;—r 0.18 0.28 f 0.17

profile.

lengths. Although whole sections require several years to be
formed, during which r and C, are assumed to vary, exper-
iments only permit the determination of C(x), which corre-
sponds to whole sections. Consequently, we suggest a dif-
ferent interpretation of Eq. 4 in order to find the mass flux
formula.

For the most superficial section formed during T yr, we
have that

r' Cix) = o, (19)

where r’ (kg m~2?) stands for the mass supplied during the
formation period of the section (T yr), Cy(x) (Bg kg?) isthe
initial activity of the section, and «’ (Bg m~2) is the unsup-
ported 2°Phb inventory for that section. The formation period
T is calculated as the age difference between the upper and
lower limit of each section. When we considered a constant
rate of supply of unsupported 2°Pb to the sediment, o (Bq
m-2 yr-%), we found that

* Formation period of the last section is not available because the CRS
model does not provide the age of the bottom of the unsupported 2°Pb
profile.

:
o = j aetidt = (L — e (15)
o A

whereas the relation between mass supply r’ (kg m=2) and
mass flux corresponding to the whole section, r (kg m-2
yr-1), was

r'=rrT. (16)
From Egs. 14, 15, 5, and 6 we deduced that
r' A(X)
=== 1— erT), 17
"TT TRt et )

This formulais different from that in Eq. 7 proposed with
the CRS model. If the product AT was small, we could per-
form Taylor's expansion of the exponential function in Eq.
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17, and, considering only the first two terms of the expan-
sion, we would regain Eq. 7. However, the assumption of
AT as small is usually not valid because T may represent
several yearsand A = 0.03114 yr—*. Thus, Eq. 17 is different
from the commonly used Eq. 7.

Discussion of the mass flux formula—In order to validate
Eqg. 17, we applied the new model, among others, to the
sediment core Redo-1. This core was sampled in August
1994 from the deepest part of Redd lake, an apine lake
located in the Central Pyrenees (Catalan 1987). Sampling,
treatment, laboratory methods, and dating are described in
detail in Masqué (1995), Ani-Ragolta (1996), and Sanchez-
Cabeza et al. (1998). The activity profile of unsupported
210Pp s shown in Fig. 1. The results of the CRS model dating
using Egs. 3 and 7 are presented in Table 2.

Regarding mass fluxes, it should be noted that there is an
indirect way to calculate the mass flux, dividing the mass of
each section by its formation period obtained from the core
chronology (Sanchez-Cabeza et a. 1993)

r T (18)
This should coincide with that obtained using the mass sed-
imentation formulae in any sediment profile dating (Eq. 17).
The mass fluxes calculated in this way, and shown in Table
2, differed from those obtained from the CRS model but
were identical to those obtained from the PF model. Differ-
ences were as large as 38% in section 2. As expected, the
largest differences were observed for those sections showing
longest formation periods. It is worth to point out that al-
though the CRS chronology does not permit us to assign an
age to the bottom of the 2°Pb unsupported profile, the CRS
model, through Eq. 7, assigns a mass flux to the deepest
section.

Uncertainties were computed throughout the work by the
well-known quadratic uncertainty propagation method; the
number of significant figures reported was 2 when the first
significant figure was 1, and 1 in the other cases. The number
of significant figures of each result was adjusted to the last
decimal place of the uncertainty.

The mass fluxes obtained through the use of Eq. 18 were,
in general, accompanied by large uncertainties (Table 2) be-
cause chronology uncertainties are accumulated in the cal-
culation. We present the mass fluxes calculated by using Eq.
17 in Table 2. These values are identical to those calculated
from the CRS chronology, which confirms the validity of
Eq. 17 for determining mass flux calculations. Furthermore,
the associated errors obtained through this expression were
significantly smaller that those obtained from the chronolo-
gy. Investigators using Eq. 18 are not suffering thus any
inaccuracy in their conclusions but are overestimating the
uncertainty of the results.

The validity of these conclusions was tested in other cores
collected from various marine environments. These were (1)
core A-3 (Table 3), collected from the Bransfield strait (Ant-
arctica) (Masqué et a. in prep.), (2) core EB-2 (Table 4),
collected from the Foix canyon (Northwestern Mediterra-
nean Sea) (Sanchez-Cabeza et al. 1999), (3) core T-1 (Table
5), collected from the Alboran Sea (Mediterranean Sead)

Table 5. Mass fluxes calculated from the CRS model (Eq. 7),
the CRS chronology and the PF model (Eq. 17) of core T-1, Alboran
Sea, Mediterranean Sea. Uncertainties correspond to = o.

Mass flux Mass flux Mass flux
Depth (Eg. 7) (Eq. 18) (Eg. 17)
(cm)  (kgm2yr?) (kg m=2yr?) (kg m-2yr)
0.0 1.13 = 0.07 1+1 1.12 = 0.07
0.5 0.83 + 0.05 0.8 = 0.5 0.81 = 0.05
1.0 1.17 = 0.08 1.1+ 09 1.15 + 0.08
15 1.07 = 0.06 1.0 £ 05 1.03 = 0.06
2.0 1.08 = 0.08 1.0 + 05 1.04 = 0.08
25 1.16 = 0.07 1.1+ 06 1.12 = 0.07
3.0 1.14 = 0.08 1.1+ 05 1.09 = 0.08
35 1.30 = 0.08 1.3+ 06 1.25 = 0.08
4.0 152 = 0.13 15+ 10 1.48 = 0.13
45 1.41 = 0.09 14 + 0.8 1.36 = 0.10
5.0 1.89 = 0.17 18+ 15 1.84 = 0.17
55 1.54 = 0.09 15+ 10 1.49 = 0.09
6.0 1.75 = 0.14 17+ 12 1.70 = 0.14
6.5 150 = 0.13 15+ 10 1.45 = 0.13
7.0 141 = 0.13 1.3+ 07 1.35 = 0.13
7.5 1.85 = 0.17 18 £ 1.7 1.80 = 0.17
8.0 1.36 = 0.10 1.3+ 07 1.31 = 0.10
8.5 151 = 0.13 15+ 11 1.46 = 0.13
9.0 1.22 = 0.09 1.2 £ 07 1.16 = 0.09
9.5 1.47 = 0.16 14 + 10 1.42 = 0.16
10.0 158 = 0.14 15+ 06 147 = 0.14
11.0 1.17 = 0.12 11+ 04 1.06 = 0.12
12.0 1.29 = 0.16 12+ 04 1.17 = 0.15
13.0 1.31 = 0.19 1.2+ 05 1.19 + 0.18
14.0 1.05 = 0.14 09 =+ 04 0.94 + 0.13
15.0 0.94 + 0.11 0.8 = 0.3 0.82 + 0.11
16.0 0.76 = 0.10 0.6 = 0.2 0.64 + 0.09
17.0 0.77 = 0.16 0.7 £ 0.3 0.66 + 0.15
18.0 0.54 + 0.11 04 = 0.2 0.41 = 0.10
19.0 0.31 + 0.08 0.18 + 0.06 0.18 + 0.05

20.0 0.21 = 0.10 * *

* Formation period of the last section is not available because the CRS
model does not provide the age of the bottom of the unsupported 2°Pb
profile.

(Masgué et a. in prep.), and (4) core TG8 (Table 6), col-
lected from the Besds pro-delta (Northwestern Mediterra-
nean Sea) (Palanques et al. 1998).

As was shown for core Red6-1, Egs. 17 and 18 provided
in al cases identical mass fluxes but different from those
obtained from the CRS model, although the difference was,
in general, small because the formation periods were short.
Significant differences were observed in core TG-8 (Table
6) because of the lower sedimentation rates, and therefore
longer formation times, observed. On the other hand, be-
cause sedimentation rates in cores A-3, EB-2, and T-1 were
relatively large, the formation period of the sections was
small and, therefore, the uncertainty of the mass fluxes ob-
tained from Eq. 18 was excessively large, especialy in the
top of the cores. In these cases it was evident that the use
of Eq. 17 yielded much lower uncertainties, similar to those
obtained from the CRS model (Eg. 7).

Conclusion—We discussed the chronology and mass flux
formulae proposed by the CRS model. Taking into account
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Table 6. Mass fluxes calculated from the CRS model (Eq. 7),
the CRS chronology (Eq. 18), and the PF model (Eq. 17) of core
TG-8, Besos pro-delta, Northwestern Mediterranean Sea. Uncertain-
ties correspond to = 1 o.

Mass flux Mass flux Mass flux
Depth (Eq. 7) (Eq. 18) (Eq. 17)
(cm)  (kgm2yr?) (kg m2yr) (kg m=2yr?)
0.0 1.94 = 0.10 1.9 = 0.6 1.86 = 0.10
1.0 2.38 + 0.15 23+ 11 2.28 + 0.15
2.0 2.03 = 0.13 1.9 £ 05 1.88 = 0.12
3.0 1.93 = 0.13 1.8 = 0.6 1.79 = 0.12
4.0 1.74 = 0.11 16 + 04 157 = 0.11
5.0 1.66 = 0.12 15+ 04 151 = 0.12
6.0 157 = 0.12 14 = 0.3 1.39 = 0.12
7.0 1.87 = 0.19 1.7 + 0.8 1.75 = 0.19
8.0 1.24 = 0.11 11 + 0.2 1.05 = 0.10
9.0 0.91 = 0.09 0.76 + 0.18 0.76 = 0.08
10.0 0.57 + 0.06 0.38 + 0.06 0.38 + 0.05
11.0 0.46 = 0.08 0.26 + 0.07 0.26 + 0.06
12.0 0.40 = 0.18 * *

* Formation period of the last section is not available because the CRS
model does not provide the age of the bottom of the unsupported 2*°Pb
profile.

a more general hypothesis, which we called periodic flux
(PF), we obtained the same chronology formula, which is a
further confirmation of the CRS hypothesis. We also found
that, considering At = 1 yr, the unsupported 2°Pb flux values
proposed by the CRS model are 1.5% higher than those pro-
posed by the PF model. This difference would be larger
when considering longer periods.

The dating of core Red6-1 showed significant discrepan-
cies of the mass flux values proposed by the CRS model
(Eg. 7) and the CRS chronology (Eqg. 18). We deduced a
mass flux formula from the PF model (Eq. 17), which pro-
vided mass flux values consistent with the CRS chronology
but different from those obtained from the CRS model. Also,
Eq. 17 generated smaller uncertainties associated with mass
flux than Eq. 18 and, therefore, with sedimentation rates.
These conclusions were confirmed in other cores from a di-
verse origin. It was concluded that larger differences be-
tween the CRS model (Eq. 7) and the PF model (Eg. 17)
mass fluxes were observed in sections with longer formation
periods. Also, when comparing mass fluxes obtained from
the CRS chronology (Eg. 18) and the PF model (Eq. 17),
sections with lower formation periods showed lower uncer-

* Corresponding author (JoanAlbert.Sanchez@uab.es).
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