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Abstract 
This study presents the first geochemical and petrophysical data on the composition of 
the bedload sediments transported by the Algal and Bohemian Stream, and the latter’s 
prominent tributary: the Dirty Stream. The catchments of these rivers are partially gla-
cierised, with only 2% and 6% ice cover in the Algal and Bohemian stream catchments, 
respectively. Therefore, the primary sources of liquid water to these rivers are snowmelt 
and active layer thawing. This study shows that the Cretaceous marine sedimentary 
rocks deposited in the back-arc James Ross Basin, which underlies the studied rivers, 
represent the main constituent of fluvial bedload. This is in contrast to suspended sedi-
ment loads, whose composition is a mixture of volcanic rocks from the surrounding 
James Ross Island Volcanic Group. This also suggests that bedload is only transported 
for a distance of few hundreds of metres, while suspended sediment load is transported 
throughout the Algal and Bohemian streams to the sea. It is anticipated that this work 
will serve as the source of data for further studies from fluvial geomorphology to river 
ecology. 
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Introduction     
 
     The nature of the Antarctic Peninsula 
(AP) is affected by ongoing climatic and 
environmental change (Vaughan et al. 2003, 
Siegert et al. 2019). Rising atmospheric 
temperatures since the mid-20th century 

has led to a significant loss of ice mass; in-
cluding the breakup of ice shelves (Cook 
and Vaughan 2010, Paolo et al. 2015)   
and the retreat of land-terminating glaciers 
(Pritchard and Vaughan 2007, Engel et al. 
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2012, Seehaus et al. 2018). As these chang-
es have occurred, the landscapes have shift-
ed from glacial to paraglacial and perigla-
cial processes (Davies et al. 2013, Ruiz-
Fernández et al. 2019). This degradation of 
the cryosphere has resulted in greater flu-
vial activity (Kavan et al. 2017, Jennings 
and Hambrey 2021) and, therefore, a great-
er sediment transport into the Southern 
Ocean (Kavan et al. 2017, Falk and Silva-
Busso 2021).  
     Ice-free areas in Antarctica provide 
unique opportunities to study the fluvial 
and sedimentary processes and interactions 
that will become more widespread across 
Antarctica in the future due to climate 
change. Some of the largest streams in the 
AP region are located on the Ulu Penin-

sula, its largest ice-free area (Ondráčková 
et al. 2020, Jennings et al. 2021, Hrbáček 
et al. 2017, Kavan et al. 2017). Located on 
the northern part of James Ross Island 
(JRI), the Ulu Peninsula provides an excel-
lent location to study the source-to-sink 
transport of fluvial sediments (cf. Kavan et 
al. 2017, Ondráčková et al. 2020). 
     This study aims to contribute to the un-
derstanding of fluvial bedload dynamics in 
Antarctica’s ice-free areas. Using petro-
physical and geochemical data, this study 
will provide the first characterisation of 
the bedload of the Algal Stream and Bo-
hemian Stream catchments in the context 
of their geological and environmental set-
ting on the northernmost part of the Ulu 
Peninsula (Fig. 1).  

 
 
Study area 
 
     JRI is a largely glaciated island located 
in the Weddell Sea, to the east of the 
Trinity Peninsula (northern AP). The larg-
est ice-free area is the Ulu Peninsula, which 
has an ice-free area of approx. 312 km2 
(Hrbáček et al. 2017, Kavan et al. 2017). 
This is the location of the Czech J. G. Men-
del Antarctic Station (JGM).  
     The JGM is located close to sea level in 
the northern sector of the Ulu Peninsula. 
The mean annual air temperature is around 
−7°C (Hrbáček and Uxa 2020) and var- 
ied between –4.5°C and –9°C for the time 
period of 2005–2015 (Ambrožová et al. 
2020). The region has an estimated 300 to 
700 mm of water equivalent of precipita-
tion per year (predominantly in the form of 
snow) (van Wessem et al. 2016, Palerme 
et al. 2017). However, prevailing south-
westerly to southern winds (Kavan et al. 
2020, Kňažková et al. 2021) strongly in-
fluence the distribution and drifting of 
snow, resulting in limited snow cover on 
flat surfaces (Hrbáček et al. 2016, Kňažko-

vá et al. 2020). Snow patches are distribut-
ed irregularly and mostly fill depressions 
or appear on the lee-sides of slopes and 
obstacles (Nývlt et al. 2016, Kňažková et 
al. 2020).  
     The Ulu Peninsula is underlained by 
permafrost, with an active layer of 50 to 
120 cm thickness (Hrbáček et al. 2017, 
2019). The water in streams are principally 
sourced from snowmelt and the thawing  
of the active layer and glaciers (Kavan et 
al. 2017, Ondráčková et al. 2020). The de-
glaciation of low-lying areas started around 
12.9 ka (Nývlt et al. 2014) and higher parts 
of the catchments became ice-free during 
the first half of the Holocene between 10 
and 6 ka (Johnson et al. 2011, Glasser et 
al. 2014). This has provided sufficient time 
for river networks to develop. Their drain-
age pattern is primarily controlled by geo-
logical structures and exogenous geomor-
phological processes (Kavan et al. 2017, 
Mlčoch et al. 2020, Jennings et al. 2021). 
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Fig. 1. Catchments of Algal, Bohemian, and Dirty streams with the locations at which samples 
were collected (topographic source CGS 2009 [1]; coordinate system WGS 1984 UTM Zone 21S). 

 
 
     The Algal and Bohemian streams are 
located to the north of the Ulu Peninsula 
(Fig. 1) and have adjacent outlets close    
to the JGM. The Bohemian Stream has a 
prominent tributary that enters to its east: 
the Dirty Stream. Both of these catchments 
have minimal glacier cover (Kavan et al. 
2017). The basic morphometric parame-
ters for both streams are summarised in 

Table 1. The Bohemian Stream is a typical 
subsequent stream affected by the selec-
tive erosion of loose sedimentary strata. 
Similarly, the Algal and Dirty streams have 
subsequent reaches in the upper parts of 
their catchments but cut into the sedimen-
tary strata in their lower courses (Kavan et 
al. 2017).  

 
 area 

(km2) 
glacierised 
area (%) 

mean 
altitude 

(m) 

mean 
catchment 
slope (°) 

stream 
length 
(km) 

stream 
gradient  
(m. km-1) 

Algal  2.82 2 187.48 12.94 1.65 30.3 
Bohemian  6.47 6 131.9 10.37 3.26 39.9 

 
Table 1. Basic morphometric parameters for Algal and Bohemian streams (based on calculations 
in Kavan et al. 2017).  
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     Both catchments lie mostly on Creta-
ceous marine sediments deposited in the 
back-arc James Ross Basin (see Fig. 2; 
Kavan et al. 2017, Mlčoch et al. 2020). 
Only the upper reaches of the streams lie 
on volcanic rocks (James Ross Island Vol-
canic Group of Neogene age) (Smellie et 
al. 2013). In the lower reaches of both 
catchments, the Mendel Formation’s Neo-
gene sedimentary rocks crop out (Nývlt et 
al. 2011). The Cretaceous strata that out-
crops in the Bohemian Stream catchment 
are composed of tabular sandstones and 
conglomerates from the Whisky Bay and 
Hidden Lake formations (Gustav Group) 
(Ineson et al. 1986, Mlčoch et al. 2020), 
while the finer-grained sandstones and 
mudstones of the Santa Marta Formation 
of the Marambio Group only crop out in 
Algal Stream catchment (Olivero et al. 

1986, Mlčoch et al. 2020). The watershed 
between the catchments follows the cuesta 
composed of the more resistant upper Hid-
den Lake Fm. strata (Kavan et al. 2017). 
Outcrops of the James Ross Island Vol-
canic Group rocks are seen in the upper 
reaches of the studied catchments and are 
characterised by hyaloclastite breccias, ba-
salt pillow lavas, caprocks and dykes, 
tuffs, lapillistones and volcaniclastic sand-
stones (Nehyba and Nývlt 2014, Altun-
kaynak et al. 2018, Mlčoch et al. 2020). 
The outcrops of the Mendel Formation 
sedimentary in the lower reaches of both 
catchments are composed of diamictites 
and tuffaceous sandstones to siltstones 
(Nývlt et al. 2011). Carbonate veins pene-
trate locally through the Cretaceous sedi-
mentary rocks (Mlčoch et al. 2020). 

 

 
 
Fig. 2. The geology of the Algal and Bohemian streams catchments and their surroundings 
(modified from Mlčoch et al. 2020; coordinate system WGS 1984 UTM Zone 21S). 
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Material and Methods 
 
     The samples that were analysed in this 
study were collected by DN at 25 sites (see 
Figs. 1 and 2).  During the Czech Antarctic 
expedition in February 2017. All of the 
bedload samples were sieved (to < 2 mm 
in size) and dried at the JGM and then 
transported wrapped in zip lock bags to the 
Department of Geography, Faculty of Sci-
ence, Masaryk University Brno, Czech Re-
public.  
     The chemical composition and prove-
nance of the bedload samples was deter-
mined through magnetic susceptibility and 
elemental composition analysis. The sam-
ples were measured in zip lock bags, 
which did not affect the results derived 
from either technique. Magnetic suscep-
tibility measurements were taken with a 
Kappabridge MFK1-FA (AGICO, Inc., 
Czech Republic) at the Polar-Geo-Lab, 

Department of Geography, Masaryk Uni-
versity in Brno, Czech Republic. The sam-
ples were analysed at two frequencies 
(low: 976 Hz and high: 15616 Hz) with a 
magnetic field of 200 A.m-1. The Kap-
pabridge MFK1-FA allowed us to directly 
measure the mass-specific magnetic sus-
ceptibility and, with low and high-fre-
quency measurements, it was possible to 
calculate the frequency-dependent mag-
netic susceptibility according to Dearing  
et al. (1996). Since the individual ratios of 
the mass-specific magnetic susceptibility 
(MSLF) had a range of values from 3.06. 

10-7 m3.kg-1 to 69,37.10-7 m3.kg-1, and the 
frequency-dependent magnetic susceptibil-
ity (MSFD) varied between 1.69% and 
3.62% (see Fig. 3), the ratio values were 
normalised as values from 0 to 1.  

 

 
 
Fig. 3. Mass specific magnetic susceptibility (low-frequency) and frequency-dependent magnetic 
susceptibility of studied bedload samples from Algal, Bohemian, and Dirty streams (topographic 
source CGS 2009 [1]; coordinate system WGS 1984 UTM Zone 21S).  
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     Elemental composition was measured 
by X-ray fluorescence (XRF) using the 
handheld ED-XRF spectrophotometer In-
nov-X Delta Premium in Soil-Geochem/ 
Vanad mode. Each sample was measured 
three times and then averaged to determine 
an average elemental composition for each 
sample. Subsequently, the elemental ratios 

of Al/Si, Rb/Sr, Ca/Sr, K/Ca and Zr/Ti 
were calculated from average composition 
of each element. Since the individual ra-
tios had a range of values from 0.03 to 
61.38, for a better graphical representation 
in Fig. 4, the ratio values were normalised 
(to maximum values) so that the data pre-
sented ranges from 0 to 1.  

 

 
 
Fig. 4. Elemental ratios of studied bedload samples from Algal, Bohemian, and Dirty streams 
(topographic source CGS 2009 [1]; coordinate system WGS 1984 UTM Zone 21S). 

 
 
Results 
 
     MSLF showed values in the order of   
10-7 to 10-6 m3.kg-1 with a range from 
3.06.10-7 m3.kg-1 to 69.37.10-7 m3.kg-1 (see 
Fig. 3). The lowest values were generally 
found in samples from the Algal and Dirty 
streams (3.06.10-7 m3.kg-1 to 17.10.10-7 m3. 

kg-1), especially in their upper reaches. In 
contrast, the samples from the Bohemian 
Stream generally showed higher MSLF, 

ranging from 19.69.10-7 m3.kg-1 to 69.37. 

10-7 m3.kg-1, with the highest values (sam-
ple 121) found in the middle part of the 
Bohemian Stream (Fig. 3). There is a clear 
negative correlation between the MSLF and 
MSFD (Table 2), with higher values found 
for the Algal and Dirty streams sediments 
(2.23–3.62%) and lower values for the Bo-
hemian Stream sediments (1.69–2.54%). 

 



BEDLOAD GEOCHEMISTRY AND PETROPHYSICS OF JRI STREAMS 

209 

 Al Si Zr Ti Fe Mn Rb Sr Ca K MSFD MSLF 

Al 1.00 0.85 -0.05 0.24 0.35 0.07 -0.48 0.17 0.37 -0.22 -0.42 0.37 

Si   1.00 0.03 0.16 0.08 -0.17 -0.23 0.06 0.15 0.04 -0.24 0.18 

Zr     1.00 0.73 0.25 0.14 -0.08 0.21 0.14 -0.16 -0.28 0.06 

Ti       1.00 0.78 0.60 -0.68 0.67 0.69 -0.72 -0.65 0.63 

Fe         1.00 0.81 -0.94 0.83 0.91 -0.92 -0.75 0.88 

Mn           1.00 -0.81 0.73 0.76 -0.80 -0.69 0.80 

Rb             1.00 -0.78 -0.93 0.90 0.82 -0.93 

Sr               1.00 0.86 -0.83 -0.65 0.89 

Ca                 1.00 -0.93 -0.79 0.93 

K                   1.00 0.68 -0.86 

MSFD                     1.00 -0.82 

MSLF                       1.00 
 
Table 2. Matrix of correlation coefficients (p < 0.05) of studied elements, low-frequency magnetic 
susceptibility and frequency-dependent magnetic susceptibility. Positive and negative correlations 
are highlighted in green and red, respectively. 

 
 
     As measured by XRF, the elemental 
composition of individual samples is given 
in Table 3, with the calculated elemental 
ratios cartographically visualised in Fig. 4. 
The samples that were collected from the 
Bohemian Stream showed high Al/Si ra-
tios (0.215–0.244), moderate to high Ca/Sr 
ratios (50.594–61.385) and low to moder-
ate Rb/Sr, K/Ca and Zr/Ti ratios (0.112–
0.193, 0.392–0.632, 0.029–0.037, respec-
tively). In contrast, the samples from the 
Dirty Stream and Algal Stream showed 
low to moderate Al/Si values (0.198–
0.248), moderate to high Rb/Sr, K/Ca and 

Zr/Ti ratios (0.226–0.314, 0.553–0.932, 
0.036–0.044, respectively) and low Ca/Sr 
values (46.825–55.338). 
     A clear and large positive correlation 
(>0.85) was observed between Fe and Ca, 
Al and Si, Ca and Sr, and Rb and K. Con-
versely, a high negative correlation was 
visible for Ca and K, Ca and Rb, or Fe and 
K. The transitional metals (Mn, Fe, Ti) and 
alkaline earth metals (Sr, Ca) correlated 
positively with MSLF. However, the alkali 
metals (Rb, K) showed a negative correla-
tion with MSLF but correlated positively 
with MSFD (Table 2). 

 
 



S. SROKOVÁ and D. NÝVLT  

210 

 
 

Ta
bl

e 
3.

 G
eo

ch
em

ic
al

 c
om

po
sit

io
n 

of
 st

ud
ie

d 
sa

m
pl

es
 –

 m
ai

n 
stu

di
ed

 e
le

m
en

ts
 (p

pm
) a

nd
 th

ei
r r

at
io

s. 
Fo

r l
oc

at
io

n 
of

 sa
m

pl
es

 o
f p

ar
tic

ul
ar

 n
um

be
r 

pl
ea

se
 re

fe
r t

o 
Fi

g.
 1

 a
nd

 2
.  

 



BEDLOAD GEOCHEMISTRY AND PETROPHYSICS OF JRI STREAMS 

211 

Discussion 
 
     The bedload samples from the Bohe-
mian Stream are characterised by high 
MSLF and low MSFD, which corresponds 
with the sand to pebble size of the grains 
in the underlying Cretaceous marine strata 
(Ineson et al. 1986). The exceptions to this 
are in samples 122–124 where slightly 
higher MSFD values are seen due to the 
presence of fluvial fans from the eastern 
tributaries; these drain from the adjoining 
Hidden Lake Formation. In contrast, low 
MSLF and high MSFD values are character-
istic in the upper reaches of the Algal and 
Dirty streams, which run through the Hid-
den Lake Formation or along the boundary 
between the Hidden Lake and Santa Mar-
ta formations. Both of these formations  
are known for their chemically altered and 
weathered volcanic components, associated 
with the Late Cretaceous volcanism on the 
Antarctic Peninsula (Olivero et al. 1986, 
Whitham et al. 2006). The two lowermost 
bedload samples from Algal Stream, which 
are located above the Mendel Formation 
basement, are transitory between the two 
above-mentioned cases with low MSLF and 
moderate MSFD. This is because the Men-
del Formation is composed of a mixture  
of glacigenic and glaciomarine sediments 
(Nývlt et al. 2011). 
     Similar to its magnetic properties, the 
chemical composition of the bedload re-
flects the differences in basement litholo-
gy. The bedload samples from the Bohe-
mian Stream have a high Ca concentration, 
Al/Si ratio and comparably lower values of 
other elemental ratios. In contrast, the oth-
er studied ratios (K/Ca, Zr/Ti, and Rb/Sr) 
have higher values for the Algal and Dirty 
streams sediments. This same trend has 
also been seen in the suspended sediment 
of these streams by Kavan et al. (2017) 
and shows a chemical relationship with the 
underlying Cretaceous strata in these catch-
ments. Furthermore, Kavan et al. (2017) 

also showed that the volcanic rocks of the 
James Ross Island Volcanic Group are of 
limited importance to the composition of 
suspended sediments in the studied catch-
ments. Indeed, the smaller range of data 
for bedload, as presented in Fig. 5, sug-
gests even less influence of volcanic rocks 
on sediment composition.  
     The petrophysical and geochemical prop-
erties of the studied samples analysed in 
this study resemble the underlying geo-
logical units. The transport of the material 
from the neighbouring geological units     
is only visible for samples located in the 
middle reaches of the Bohemian Stream 
(samples 122–124). These samples show 
evidence of mixing with more distal sedi-
ments transported to the main valley of the 
Bohemian Stream by the Dirty Stream, 
which forms several flat fluvial fans on the 
floor of the main valley, and a minimum 
transport distance of 300–500 m could    
be expected. Similarly, sample 144 petro-
physically and geochemically resembles a 
bedrock from the upper reaches of the 
Algal Stream, despite lying ~100 m within 
the Mendel Formation. However, sample 
145 located further downstream (Fig. 2) 
has a different composition that resembles 
its underlying bedrock (the Mendel Forma-
tion). 
     These results clearly show that the fluvi-
al transport of the bedload fraction < 2 mm 
in size is strongly limited in the studied 
catchments, and their petrophysical and 
geochemical properties generally resemble 
the underlying geological units. In con-
trast, suspended sediment loads (as pre-
sented in Fig. 5) show a greater lithological 
variability; indicative of multiple source 
rocks and sediment mixing. The same ob-
servation was documented by Kavan et al. 
(2017), who noted that this was due to the 
input of volcanic rocks from the James 
Ross Island Volcanic Group (Fig. 5). 
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Fig. 5. Comparison of Sr/Ca vs. K/Ca values for Algal, Bohemian, and Dirty streams bedload (B) 
samples with suspended load (SL) of Algal, and Bohemian streams and the main geological units 
cropping out in both catchments from Kavan et al. (2017). 

 
 
Conclusions 
 
     The data presented have shown a rela-
tionship between bedload and the underly-
ing geological units. High values of mass-
specific magnetic susceptibility are typi-
cal, especially for the Bohemian Stream 
bedload. In contrast, frequency-dependent 
magnetic susceptibility showed higher val-
ues in Algal, and Dirty streams bedload 
samples, which corresponds with sources 
from the underlying Hidden Lake and 
Santa Marta formations and is typical for 
weathered Mesozoic volcanic rocks, which 
are more common in these formations. 
Similarly, the Rb/Sr and Zr/Ti ratios were 
found to be higher in the Algal and Dirty 
streams bedload, which provides evidence 
of chemical weathering. In comparison, 
the Bohemian Stream bedload showed 
high Al/Si and Ca/Sr ratios, typical for less 

chemically weathered siliciclastic sedimen-
tary rocks. 
     The back-arc volcanic rocks of James 
Ross Island Volcanic Group are not im-
portant constituents of bedload material in 
the Algal and Bohemian catchments; the 
underlying Cretaceous marine sedimentary 
rocks of the James Ross Basin are more 
important constituents. This study has also 
shown that the fluvial transport of the bed-
load is limited under current discharge and 
water availability conditions as evidenced 
by its petrophysical and geochemical simi-
larities with underlying geological units. 
This differs from the suspended load of  
the same streams, which is more mixed 
and indicates greater transport distances 
through the entire catchment. 
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