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Abstract

Fluvial sediments provide environmental records of the Quaternary. In some cases, fluvial
deposits are caused by anthropogenic processes that cause changes in the water regime of
some river stretches. This is the case of dams. It has been reported that some dams or partial
damming systems existed in the past, at least from some thousands of years ago. Such dams
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were used for fishing purposes and are referred as fishing weirs. In a recently published work
it has been demonstrated that a fluvial thick deposit was caused by a damming system in
a river of NW Iberia (River Mino, Pontevedra). Optically stimulated luminescence (OSL)
provided the burial age of such fluvial deposit, showing a 1300-year-old fluvial record. The
sedimentation rates of the record did not match with known climate fluctuations in the area.
In this work, the sedimentation phases of such record are identified, and the detrital and
organic matter content is studied to assess any change occurred in the environmental and
fluvial conditions during the deposition period of the record that ranges from 8141134 to
183711 AD.

Resumen

Los sedimentos fluviales pueden proporcionar registros ambientales del Cuaternario. En
algunos casos, los depositos fluviales pueden ser causados por procesos antropogénicos que
provocan cambios en el régimen hidrico de algunos tramos de los rios. Este es el caso de los
actuales embalses. Algunos estudios han mostrado que en el pasado existieron algunas pre-
sas o sistemas de represas parciales, desde hace al menos algunos miles de afios. Esas presas
se utilizaban con fines pesqueros y se denominan fishingweirs o en Galicia pesqueiras. En un
trabajo reciente se ha estudiado un deposito fluvial causado por un sistema de embalses en
un rio del noroeste de la Peninsula Ibérica (rio Miflo, Pontevedra). Utilizando luminiscencia
estimulada opticamente (OSL) se pudo datar la edad de deposicion de estos sedimentos,
obteniéndose un registro fluvial de 1300 afios de antigiiedad. Las tasas de sedimentacion del
registro no coincidian con las fluctuaciones climaticas conocidas en la zona. En este trabajo
se identifican las fases de sedimentacion de ese registro y se estudia el contenido detritico y
la materia organica para evaluar los posibles cambios que se hayan producido en las con-
diciones ambientales y fluviales de ese tramo del rio durante el periodo de deposicion del
registro, que va de 814+134 a 183711 d.C.
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1. INTRODUCTION

Fluvial sediments preserve records of
environmental conditions and events that
occurred during the Quaternary. Geochemi-
cal analyses of fluvial sediments provide
information on the past conditions of the
watercourse, seasonality and stagnation
events. The structural and textural study
and absolute dating of sediment records can
provide sedimentation rates, information on
erosive events and on process related to the
surrounding surface of the fluvial basin (e.g.
erosion events, human activities). However,
the continuous sedimentary sequences are
scarce in most river stretches of most fluvial
basins, due to alternative sedimentation or
erosive events that can occur due to chang-
ing environmental conditions.

Some human-made structures (e.g.
dams, or damming systems) can work as
base levels in some stretches of fluvial ba-
sins, allowing sedimentation in areas where
this process would not occur in the absence
of such structures. Nowadays, this is com-
mon in rivers, but old structures (historic
or prehistoric) have been reported. This is
the case of fishing weirs. Fishing weirs are
amongst the oldest man-made structures
found in the archaeological record. Dat-
ing back to the Mesolithic and Neolithic
(Pedersen, 1995; Out, 2008; McNiven et
al., 2012). They consist of series of wooden
stakes with a net or basket that trap the fish
(Tveskova and Erlandson, 2003); or as a se-
ries of stone walls that either trap or guide
fish towards a system of channels in which
the fish are trapped (Leite, 1999; Langouét
and Daire, 2009). They can be dated when
made on wood or by organic components
present in the deposits formed by the flu-
vial channel fills or alternatively by optically
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stimulated Iuminescence (OSL) as recently
has been shown (Viveen et al., 2014).

In NW Iberia a large number of an-
cient fishing weirs exist (they are popularly
called pesqueiras, in Galician), being more
frequent in some important rivers or the
area, namely Tambre, Ulla and Mifo Riv-
ers. They were frequently built in narrow
parts of the river channels, such as bedrock
gorges or river bends, where the currents
were strongest and deposits were not natu-
rally formed. The weirs in the area are series
of stone dams, made of non-cemented large
granite blocks, that protrude from the river
bank at a right angle or slightly sub parallel,
depending on the currents (Portela, 1985).
More details on the characteristics of these
structures are the sub-types of weirs in the
area are provided elsewhere. There is very
little known about the origins of the weirs
in this corner of Iberia, as historical docu-
ments are scarce and extensive archaeologi-
cal studies are still lacking (Reboreda, 2005).
Although historical data indicate that Ro-
mans used the NW Iberian fish stocks for
consumption (Suarez-Pifieiro, 2003) and the
trade in these fish stocks intensified from
the late 1st century BC onwards, when the
region was brought under control of Rome
(Rodriguez-Colmenero, 2011), no direct evi-
dence of Roman weirs exists (Leite, 1999).
First direct reference in documents date
back to the late Middle Ages, (Andrade-
Cernadas, 2009). Nowadays, some of them
still in use for lamprey fishing in the rivers
referred above.

2. STUDY AREA
We have studied the geochemical char-

acteristics of a 15 m-thick and 50 m wide
fluvial deposit in the lower Miflo River (NW
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Iberia) that corresponds to a 1300-years-old
fluvial record. Such deposit has been cor-
related with the construction of a series of
ancient fishing weirs. The deposit consists
of homogeneously sorted fine to medium
fine sand with mm-thick layers of organic
material. This is an extraordinary deposit in
the area because it is the only non-gravelly
fluvial deposit of the over 400 field sites in
the lower Mifio River basin that have been
described (Viveen et al., 2013).The deposit
has been recently studied and dated by OSL
(Viveen et al., 2014) being demonstrated
that it is the result of partial damming of
the Mifio River by fishing weirs that caused
a deviation of the water course towards a
levee (figure 1), that allowed sand deposition
during bank full discharge. In fact, up to 18
remnants of weirs have been found in the vi-
cinity of the deposit, some of which are as
high as the top of the deposit.

The previous work has suggested the
influence of demographic changes on the
construction of a series of ancient weirs in
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the area and the phases of deposition cor-
respond to the usage of the weirs (Viveen et
al., 2014). Although the obtained data are
consistent with the regional transformation
of a predominantly natural to an agricul-
tural landscape in the area, it is still possi-
ble to get more information on the environ-
mental conditions and events that occurred
during the time of use of the weirs (being
characterized by deposition). Thus, the aim
of this work is to get light on such environ-
mental conditions towards the study of the
characteristics of the sediments, including
detrital analyses (grain size, roundness and
sphericity) and geochemical analyses of
the mineral and organic components of
the sediment. Both geochemical elements
and stable isotopes of the organic carbon
present in the sediment layers have been
used to assess the environmental condi-
tions linked to the deposition and the pos-
sible effect of anthropogenic process in the
surrounding environment in the deposition
process.



CAD. LAB. XEOL. LAXE 42 (2020) Palaeoenvironmental data from fluvial deposits... 57

. FRANCE

O

5~

PORTUGAL

7

SPAIN

Figure 1. Map of location and picture of the studied deposit.
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3. METHODS
Sampling

A total of 24 samples were retrieved
from the deposit. From the uppermost 4m
samples were directly taken after having
cleaned the wall. As the remaining part of
the deposit was an inclined slope we dug 6
m depth vertically at the position where the
vertical wall started to slope. For the re-
maining the deposit we cored with an Edel-
man auger containing an almost fully-closed
auger tip, at the bottom of the hole and ex-
tracting samples every metre until the very
bottom of the fluvial deposit.

OSL measurements

Cores and plastic bags of sediment were
obtained in each sampling point to perform
OSL dating in the luminescence lab of the
University of ACoruna. Most of the dating
work was performed and published else-
where (Viveen et al., 2014). In this work we
have performed three more datings of sam-
ples taken from the uppermost 4 m of the
deposit (CDV-19, CDV-21 and CDV-22),
being the OSL ages obtained with the pro-
cedures applied to the previously dated sam-
ples. Details of the used procedures are pro-
vided in Viveen et al. (2014). This makes a
total of 15 OSL ages in a 15m-thick deposit.

Geochemical analyses

One part of the sedimentary material
obtained during sampling was used for geo-
chemical studies. Grain size analyses were
performed by wet sieving. In addition, the
sand-sized fraction of each sample was ob-
served under stereoscopic microscope to as-
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sess the roundness and sphericity of a sub-
sample of grains. Some other characteristics
of the sediment grains were observed under
the microscope as the presence of oxides,
charcoal and/or remains of herbaceous
plants in some samples. To assess the con-
tent of major and minor elements in sam-
ples we have used X-Ray Fluorescence Spec-
trometry (XRF). Samples were previously
grinded to a fine powder and measured in
a Fluorescence Spectrometer S4 Pioneer of
wavelength dispersion Bruker-Nonius under
helium purge. The obtained data were com-
pared with grain-size and some proxies usu-
ally used in fluvial environments were used
to assess paleoenvironmental conditions.

Instrumental analyses were carried out
on bulk material of the bands to obtain the
C, H, O, N and S content and the total or-
ganic carbon. The analyses were being all of
them consistent carried out in an Elemental
analyzer ThermoQuest Flash EA 1112. The
obtained C/N ratios were used to assess the
possible origin of organic matter present in
the sediments. In addition, C and N isotopic
analyses were performed in a magnetic sec-
tor mass spectrometer with a double inlet
system Delta Plus Finnigan MAT to get
information on the origin of organic matter
within the sediment.

4. RESULTS AND DISCUSSION

The obtained OSL ages performed in this
work are consistent with the previous ages
reported in Viveen et al. (2014). There is an
age vs. depth correlation within the measured
age uncertainties (see table 1). From the age
data we can roughly separate two deposition
periods or phases (figure 2): one correspond-
ing to the lowest part of the deposit between
147 m and 4 m and the other one corre-
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sponding to the samples taken from 4 m to
0.6 m depth. Such two periods fall between
814+134 and 1031£70 AD, and 1712+19 and
183711 AD, respectively. There is a hiatus
with no deposition between 1031£70 and
1712+19 AD. It is interesting that the lower-
most phase can be divided in several depo-
sitional events if we consider the sedimenta-
tion rates. Considering such rates, there is a
high sedimentation rate from 14.7 to 9.5 m
depth that corresponds to the 8-9th Century
(U1l). After such period, a different sedi-
mentation rate is observed from 9.5 to 7.8 m
depth (figure 2), that corresponds to the late
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9th to 10th centuries (U2). Finally, a higher
sedimentation event (figure 2) is observed
again for the phase that corresponds to the
depths from 7.2 to 4 m that is dated from in
the late 10th tol1th centuries (U3). Although
no erosive features have been observed in the
preserved profile between 4 and 3.6 m depth,
the OSL ages indicated the existence of a hia-
tus that corresponds to the period between
the 11thand 18th Centuries AD. After such
sedimentary gap, a new deposition event
occurred (figure 2) that corresponds to the
uppermost sedimentary unit (U4) starts at
1718237AD and ends at 183711 AD.

Sample | Depth (m) | DR (mGy/a) N Overdispersion (%) ED (Gy) Age (a)

CDV-22 0,6 4.217£0.154 | 36/79 19+4 0.744%0.038 17711
CDV-21 1,2 3.457+0.381 | 46/46 29+7 0.689£0.065 199£29
CDV-3 2 2.877£0.188 | 51/122 255 0.655£0.040 228+20
CDV-13 2,7 2.880+0.109 | 58/101 28+4 0.86910.045 30219
CDV-19 32 3.247+0.386 | 36/55 20+£3 0.803£0.036 247%31
CDV-20 3,6 3.343+0.408 | 49/55 10£1.7 0.989£0.031 296£37
CDV-4 4 2.892+0.182 | 44/81 116 3.054+0.146 1056+83
CDV-5 5,5 2.63610.104 | 48/115 24+5 2.591£0.154 983170
CDV-6 7,2 2.539£0.100 | 63/106 813 2.466%0.078 971£49
CDV-9 7.8 2.469+0.117 | 50/83 1743 2.794%0.123 1132£73
CDV-10 8.8 2.744£0.120 | 55/71 1242 3.255+0.112 118666
CDV-11 10 2.761£0.134 | 55/118 812 3.533+0.114 127975
CDV-12 10,8 2.744+0.120 | 50/114 1243 3.390%0.145 1235176
CDV-15 13 2.83240.076 | 42/87 1543 3.542+0.217 1251184
CDV-17 14,7 2.69310.285 | 51/97 233 3.230+0.112 | 1200£134

Table 1. OSL ages obtained of the deposit. DR: Dose Rate, ED: Equivalen Dose).

Considering the total thickness of the
deposit and the whole timespan of deposi-
tion we obtain a high bulk deposition rate
around 1.5 cm-a-1. The grain size shows a
log-normal unimodal symmetric distribu-

tion dominated by fine to medium-size sand
(ranging from more than 30% to 90%) with
minor silt (15-40%) and scarce clays (0.5-6-
6%) that indicates a high speed flux in the
water channel. This is similar to other grain



60 Sanjurjo-Sanchez, J. et al.

sizes described fluvial deposits (Ramaswa-
my et al.,2008; Kao et al., 2006; Dinakaran
et al., 2011; Blanton et al., 1995) but in an
area in which this kind of deposits is not
observed. This non-expected grain size in
a stacked water body can be explained be-
cause the weirs in the area were not closed
dams, but damming systems that did not
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completely block the river flow (Viveen et
al., 2014). Both roundness and sphericity
values of the studied samples showed ho-
mogeneous and mean values are 0.3 and 0.7
respectively, typical of fluvial deposits with
moderate transport (Krumbein, 1948; Kum-
brein and Sloss, 1963), despite the possible
stagnation effect caused by the weirs.
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Figure 2. Plot with fluctuations of grain size and detrital proxies with depth. Sand percent is indicated and
compared with both Si and Al contents and Rb/AL and Zr/Al ratios.

There is very low organic matter content
in the studied samples (figure 3). The or-
ganic matter is linked to the silty-clay frac-
tion as observed in similar sediments (Keil
et al.,1997; Mayer et al., 1994), except in the

case of two samples at located 10.5 and 7.3
m. The organic carbon content ranges from
0.8 to 1.2%, while the N content ranges from
0.02 to 0.07%, and increases with the sedi-
ment depth, being variable from the bottom
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to the top of the lowermost 10 m of deposit.
This is clearly observed by the C/N ratios
observed. The measured C and N stable
isotope relations of the organic matter, pro-
vided 813C values ranging from-26.0%o to
-24.3%o, and 615N values that range from1.7
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26 -25 -24 004 008

05 10

del-15N
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to 4.5%o (figure 3). Such values fit the range
observed in fluvial sediments from terrestri-
al primary (C3) and freshwater production
(phytoplankton) (O’Leary, 1988; Meyers
and Lellier-Verges, 1999; Peterson and Fry,
1987; Finley and Kendall, 2005).
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Figure 3. Plot with fluctuations of grain size, TOC, N and C/N ratio and 313C and 315N.

The results of XRF analyses allowed
to study the changes in the Si and Al con-
tent. These contents are correlated with
the amount of sand-grained grains in each
sample. The Rb/Al and Zr/SI ratios (figure
2) are also used and compared. In the next
paragraphs, we detail the sediment charac-
teristics observed for each sedimentation
period with correlation with environmental
and anthropogenic events recorded in other
studies in the area.

Period of 8 and 9th Century (UI)

Such period corresponds to the Ul (fig-
ures 2-3). The thickness of the fist sedimen-
tary period (U1) is around ~5.2 m, depos-
ited in approximately one century, with a
very high sedimentation rate (~5.2 cm a-1).
Slight fluctuations are observed in the grain
size of samples of such period and the esti-
mated TOC and N tend to decrease in the
uppermost layers. The C/N ratio provides
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values >15, correlated with allochthonous
organic matter inlets up to 13 m depth, mix-
ture of allochthonous and autochthonous
matter between 12 and 10 m (C/N~10-14)
with a peak of allochthonous organic mat-
ter at 10.5 m depth. The C/N fluctuations
fit changes in both the 613C and the 315N,
but changes in these values does not show
any change in the primary production pro-
cess. Thus, in the period, there is a general
increase in the heavy isotope in both ele-
ments, but organic matter comes from inlets
of terrestrial vegetation. This is due to the
increase in the inlet of detrital and organic
matter but both indicate high erosion rates
in the basin and high deposition rates, prob-
ably correlated with the increase of precipi-
tation and floods or an increase in the defor-
estation and wildfire caused by the man, as it
has been observed in the area in such period
(Viveen et al., 2014). There is an inverse cor-
relation of Si (~70%) and Al (~20%) in such
sedimentation period despite in the 10.5 m
depth layer, but detrital fluvial input prox-
ies show a scarce correlation and they show
an inverse correlation compared to the grain
size. Due to the high mass accumulation rate
of sediment (MARS) in such period (being
7.35 10-6 mg-cm-2-a-1) it is difficult to infer
other conclusions. This effect could be cor-
related to the unusual sedimentation rate
in the period that fits the Medieval Climate
Anomaly (MCA) in the NW of Iberia with
an observed increase of fluvial input in the
Atlantic continental shelf of Iberia (Leb-
reiro et al., 2006). It has been reported that
there is an increase in the sand-size grain
frequency in the Mifio and Duero Rivers
in such period (Mohamed et al., 2010) and
evidences of several flood events in such pe-
riod (Thorndycraft and Benito, 2006). This
trend is opposite to the trend observed in the
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rest of Iberia, especially in the central and
Mediterranean area, in which the MCA is
characterized by dry conditions (Moreno et
al.,2012).

Period firom late 9th to 10th Century (U2)

This period comprises around another
100 years of deposition with the accumula-
tion of ~1.7m of sediment, being the sedi-
mentation rate ~1.7 cm-a-1. Thus, a lower
MARSs value is observed in this period (3.88
10-6mg-cm-2-a-1). There is a slight increase
in the silty-grain size (figure 2), N and TOC
content from the bottom to the top of the
sediment section with a slight fluctuation be-
tween 9 m depth (increase) and 8.8 m depth
(decrease), increasing again up to the values
observed in the previous period (Ul) with
the exception of the TOC values (figure 3).
This is due to the low inlet of allochthonous
organic matter. As a consequence, the C/N
ratio reaches mean values above 10 at the
beginning of the period and <10 at the end.
This suggests an increase in the primary pro-
duction in the water body (autochthonous
organic matter) probably due to a decrease
in the water flux and more stacked condi-
tions. In this period the C/N fluctuations fit
fluctuations in both the 613C and the 815N,
keeping the trend to increase in the heavy
isotope in both elements.

Detrital proxies show an event dated in
1186%66 yr that indicate an increase in dry-
ness marked by the higher concentration
of Zr (Zr/Al) and Ti (Ti/Al), respect to Si
(Si/Al) and a later decrease with increase of
water flux as observed in the slight increase
of Si, Rb and Mg (Si/Al, Rb/Al and Mg/Al,
respectively). This fit the increase of the fine
to medium grain size at 8.8 m depth (Ma-
kenzie, 2005).
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Period from late 10th to 11th Century (U3)

This period corresponds to 3.2 m sedi-
ment thickness in around 100 years, pro-
viding a sedimentation rate of ~3.2 cm-a-1
and a MARs of 4.58 10-6mg-cm-2-a-1. The
trends in this period are similar to those ob-
served during the first period (U1) but with
lower TOC values (figure 3). The grain size
is more fluctuating with an increase in the
sand-size fraction with a maximum (~70%)
at 7.3 m depth that fits a maximum TOC
content (0.6%) in the period. The trend of
both the §13C and the 515N are the same
than in previous periods. Allochthonous
inlets of organic matter are observed, being
the organic matter in the other moments of
such period due to a mixture of allochtho-
nous and autochthonous matter. With time
the allochthonous contribution decreases in
favour to autochthonous contributions of
organic matter. This can be due to the ac-
cumulation of sediments with a decrease
in the depth of the water (and decrease in
the water body volume) with more stacked
conditions. Thus, in the three first periods,
during stagnation events caused by seasonal
or climatic dry periods, there is a probable
increase of primary production within the
water body with a decrease in the gaseous
CO2 in the water (and a subsequent de-
crease in the light isotope of C) that is more
frequent due to the infill of the area (Mey-
ers, 1998; Meyers y Lellier-Verges, 1999). At
the top of the sediment section (4 m) there is
a new sand-size frequency maximum (more
than 90%) at which TOC and N values are
minimum (0,1 and 0.02%, respectively). This
can be due to a decrease in the organic mat-
ter inlet or a post-depositional degradation.

Although climatic fluctuations can be re-
sponsible of the fluctuations in the sediment
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characteristics we cannot rule out that the
decrease in TOC observed in Ul, U2 and
U3 is due (partially or totally) to anthro-
pogenic causes. It has been observed that
there are important changes in vegetation in
the area. Namely, a decrease in autochtho-
nous tree species (Quercus, Alnus) and an
increase in both shrubby (Ulex, Erica, Cal-
luna, etc.) and herbaceous plants (Poaceae
and Cyperaceae) has been reported in cor-
relation with the increase of farming areas
and wildfires in the Medieval period (Pal-
larés and Portela, 2007), as it has been ob-
served in pollen records and anthracological
studies (Mighall et al., 2006; Desprat et al,
2003; Martinez-Cortizas et al., 2005;Car-
rion et al, 2010; Kaal et al., 2011).

In the next ~500 years there is a sedimen-
tary hiatus. This has been correlated with
the destruction of the weirs that caused the
deposition, due to strong flooding events in
such period (as discussed in detail in Viveen
et al., 2014). In this period, there is an in-
crease in the Si and Rb content despite an
observed Zr content (Zr/Al) that fits the
lower amounts of fine-medium sand content
(figure 2). This can be linked to an event of
dryness increase.

Period from 1718137 to 183711 AD (U4)

The uppermost sedimentary section has
an approximate thickness of 4 m, accumu-
lated in a period of ~150 years. That makes
a sedimentation rate of 2.6 cm-a-1. This
value is similar the one observed in U3 but
with higher MARs values (6.15 10-6mg-cm-
2-a-1) that could be correlated with a higher
accumulation of organic matter. In this sec-
tion, the amount of silt sized grains increas-
es while fine-medium sand size decreases
with fluctuations at 2 m depth. The changes



and fluctuation in both the TOC and N fits
the silt sized grains pattern (figures 2-3).
This trend is observed with some detrital
proxies. Such proxies show a good correla-
tion with changes in the grain size, suggest-
ing higher grain size in moments of higher
water flux, being clear the inverse correla-
tion between sand grains and the values of
Ti/Al and Zr/Al (figure 2). This period fits
the Little Ie Age (LIA), characterized by a
general decrease in the mean surface tem-
perature in the Northern Hemisphere and
oscillations of periods of dryness and floods
(Benito 1996; Alvarez Vazquez et al., 1986)
in the NW of Iberia. Such climatic fluctua-
tions would fit the marked fluctuations ob-
served in the sediment. Between 1856-1909
AD flooding occurred in the Mifio River
(Abrantes et al., 2011), possibly eliminating
the weirs and thus, hardly any sedimentation
occurred after such event although it must
not be ruled out that the height of the de-
posit fits the height of the top of the remains
of the weirs in the considered river stretch.

5. CONCLUSIONS

The study of fluvial deposit caused by
a weir in NW Iberia has provided a 1300-
year old fluvial record (with a hiatus of ~500
years). The deposition events have been cor-
related with demographic causes but also the
effect of climatic fluctuations, and namely,
those due to the Medieval Climate Anom-
aly (MCA) and the Little Ice Age (LIA).
Changes in the grain size mostly match
the use of fluvial proxies, being apparently
sensitive to periods of drier or more humid
conditions in the area. The TOC and total N
content of the sediments and C and N stable
isotopes fit such observations but also other
questions, such as a reduction in the depth

of the water body due to the infill of the
damming area, also can be the cause of such
changes in the organic matter. Moreover, it
cannot be ruled out that the studied period
is characterized by important anthropo-
genic changes induced in the area due to an
expansion of the farming area, at least at the
beginning of the record.

The most interesting question in this
work is that any similar human-made struc-
ture developed in water channels (weirs,
dams, water mills) could cause similar de-
posits in river stretches or periods in which
there is not sedimentation, allowing the
study of fluvial and environmental records
in areas of periods in which sediments are
absent.
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