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ABSTRACT: Forest rings are large circular fe
centred on areas of negative redox charge and ch
around the edge of the ring. A field and laboratory i
relationship between physical, chemical and mic
features. Physical changes that are known to occ
the centre of the ring, a negative thermal and h
profound and most exemplified by a very sharp
chemically reduced interior and the oxidized exte
although cause-and-effect relationships are still 
rings. A four week laboratory experiment involve
end-member types of rings: one centred on a 
source. Test-tubes are being inoculated with 
respective ring edges. Measurements will prov
formation.  
 
K YWORDS: forest ring, ther

y La

chmond ON N6A 5B7  CANADA 

atures 
aract
nvest

robiolo
ur inclu
ydrauli
 redox
rior. M
unprov
s the in
hydrog
bacteri
ide in

mal conductivity, redox, m

elds.  
 

distinctive of Ontario’s boreal forest. They are 
erized by a slight depression in the mineral soil 
igation of forest rings is examining the complex 
gical processes occurring at the edge of these 
de a slight positive electrical field anomaly over 
c-conductivity anomaly. Chemical changes are 
 gradient at the edge of the ring between the 
icrobiological processes are also occurring and 
en, they may be crucial in the formation of the 
 vitro creation of the redox gradients of the two 
en sulfide source and another on a methane 
a from the highest-gradient ring parts of the 
sight on the role of micro-organisms in ring 

icrobiology

Most notably, subtle positive spontaneous 
potential (SP) anomalies can be noted in 
association with strong, negative-inward, 
redox gradients (Hamilton & Hattori 2008). 
The goal of our work is to understand the 
role of micro-organisms in the oxidation 

rocess and in the generation of electrical 

E
 
INTRODUCTION 
Forest rings are large circular features 
commonly observed in the boreal forests 
of Ontario (Fig. 1). Over 2000 forest rings, 
ranging from 15 m to 1.5 km in diameter, 
have been identified on aerial 
photographs thus far. The circular 
impression reflects a slight topographic 
depression (Giroux et al. 2001) that forms 
around centres of negative charge 
enclosed in the overburden or bedrock.  
Large accumulations of shallow, biogenic 
methane are estimated to account for 85% 
of northern Ontario’s forest rings 
(Hamilton et al. 2004). Forest rings have 
also been reported to form over 
accumulations of bitumen, coal and 
dissolved hydrogen sulfide (Hamilton & 
Hattori 2008). The reducing source 
imparts electrochemically reducing 
conditions in overlying and surrounding 
materials generating numerous physical 
and chemical changes at the ring edges. 

p
fi
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Fig. 1.  Aerial view of a forest ring near Hearst, 
Ontario. 

The current investigations monitor 

ex

(1) confirmed the results, (2) shown them 
to occur at other rings, and (3) narrowed 
the location of the temperature anomaly to 
precisely that of the physical, chemical 
and microbiological changes that occur at 
the ring edge. The purpose of this study is 
to understand these changes and how 
they are interrelated and to investigate the 
role of micro-organisms in the oxidation 
process and generation of electrical fields 
at the ring edge. 

 
METHODOLOGY 

across the edge of an H2S-
entered forest ring (“Thorn-North”) 

lo

oxidation-
duction potential (ORP) were measured 

preserved under anoxic conditions and 

xperiments.  
Clay from the ring edges was 

suspended in agar and served as the 
inoculant and the carbon source for the in-
vitro growth of forest ring micro-flora. A 
redox gradient was established by the 
steady supply of oxygen at one end and a 
source of CH4 or H2S at the other end of 
the test tube. Changes in pH, ORP and 

 over the 
 

.5m 
 

at 

eir 

changes in groundwater temperature 
across an H2S-centered forest ring. The 
rationale behind the temperature 
measurements was that microbiological 
activity and intense oxidation is known to 
occur at the ring edges and it was thought 
that temperature data might pinpoint the 
exact location of the associated 

othermic reactions and help with energy 
and mass budget calculations. However, 
to our surprise, the results were the 
opposite of what had been expected; they 
show a significant negative thermal 
anomaly. Subsequent investigations have 

Groundwater temperatures and water 
levels were monitored for a period of 10 
months 
c

cated 45 km northwest of Timmins, 
Ontario. Measurements were made using 
down-hole data loggers installed in 
existing monitoring wells at a depth of 
approximately 6.5 m. In addition, the ring 
edges of two methane-centred forest rings 
(“Road ring” and “Bean”) were sampled for 
soil and peat. High-density sampling was 
done at several depths on transects 
across the ring edges. Time-sensitive 
parameters such as pH and 
re
at the time of collection.  

Clay samples were collected at areas of 
high-redox gradient at the edge of the 
Thorn-north ring and the Bean ring, which 
are H2S sourced and methane sourced, 
respectively. These samples were 

are now being used for the test-tube 
e

SP were monitored over a period of four 
weeks.  

 
SELECTED RESULTS 
A detectable drop in groundwater 
temperature can be measured
ring edge at Thorn North. Peat-waters
collected during the month of July, at 1
depth show a minimum of 2°C within the
ring edge while outside values peak 
10°C. Although the sampling site is 
located 200 km south of the southernmost 
limit of discontinuous permafrost, temp-
eratures have remained low enough to 
allow the preservation of ice within the 
peat. The temperature anomaly is 
propagated to depth, with a 0.35°C 
anomaly occurring at the same place in 
groundwater from underlying clay (Fig. 2). 
In addition, the response of groundwater 
temperature to seasonal changes in air 
temperature is higher at the ring edge 
than in adjacent areas. At 6.5 m depth, the 
coldest month of the year is August, due 
to a lag in summer warming. 
Groundwaters in the ring edge reach th
 

 
 
Fig. 2.  Changes in mean weekly groundwater 
temperatures (6.5 m depth) across the 
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northern ring edge of Thorn-North from May to 
August 2007 (Brauneder et al. 2008). 
 
coldest temperature on July 20, whereas 

roundwaters in adjacent areas reach 
e month later. 

 
lso coincides with an area of decreased 

ctivity (Fig. 3).  

g
their coldest state on
Similarly, data collected from November to 
December shows that groundwaters within 
the ring edge reach their warmest 
temperature one month earlier than in 
adjacent areas.  

The most likely reason for the thermal 
anomaly at the ring edge is that it 
coincides with an area of increased 
thermal conductivity in the clays. This area
a
hydraulic condu

 

 
 

Fig. 3.  Changes in permeability along a 900 m 
long transect crossing Thorn-North from south 
to north.  
 

These physical changes are 
accompanied by chemical changes. Most 
notably, a sudden and strong redox 
gradient, pH gradient and oxygen 
depletion occur on all investigated ring 
edges. Similar responses have been 
noted at other rings. Figure 4 shows an 
ORP change of 200 mV occurring over a 
distance of only 3 m at the edge of the 
Road ring and known to be associated 
with a pH increase of 0.5 units. 
 
MICROBIOLOGICAL INVOLVEMENT 
Redox gradients as strong as those 
observed at the ring edges are potential 
sources of energy for autotrophic bacteria. 
Evidence for microbial involvement 
includes H2S consumption, SO4

2- 

en
 

richment, oxygen depletion in the 

 
Fi
cl
 
h

p
is
hydrocarbons at a number of 
rings. 

The ongoing microbiological exper-
imentation attempts to re-create in vitro, 
the redox conditions at the edge of two 
types of forest rings: those centred on 
methane and H2S. A redox gradient is 
being established between each of these 
reducing agents and oxygen. Test-tubes 
will be inoculated with bacteria collected 
from the highest redox-gradient areas on 
each ring type. Measurements over the 
course of the 4 week experiment will help 
to determine the complex cause-and-
effect relationships that exist between the 
physical, chemical and microbiological 
processes occurring at the ring edge.  

 
CONCLUSIONS 
A large number of physical and chemical 
changes occur in overburden and 
groundwater at the edges of forest rings. 
Physical changes include an apparent 
increase in thermal conductivity and a 
decrease in hydraulic conductivity.  
Chemical changes are dominated by a 
very strong and sudden change from 
reducing to oxidizing conditions at the ring 
edge. These changes are all spatially 
related. Broadly speaking the changes 
follow the model of Hamilton & Hattori 
(2008) but unexpected developments, 
including the thermal anomaly, have been 
uncovered. Furthermore that model does 

g. 4.  ORP profiling of the top first meter of 
ay across the northern edge of the Road ring.  

eadspace of wells and minor to 
major biogenic methane 

roduction. Additional evidence 
 given by the generation of 
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 1000 

not consider the involvement of micro-
flora, which may be an important or even 
crucial factor in the development of forest 
ring
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ABSTRACT:  The Lac Cinquante uranium deposit
Churchill Province, in the Kivalliq region of Nunav
greenstones that are unc

e Lac Cinquante Uranium Deposit, 
navut 

1,2, Rob Carpenter2,3, & 
 Ward3  
 Western Ontario, London, ON, Canada, N6A5B7 
25 Howe St., Vancouver, BC, Canada, V6C 2T6 
25 Howe St., Vancouver, BC, Canada, V6C 2T6 

 is located in the Hearne Subprovince of the Western 
ut. Lac Cinquante is hosted in a basement of Archean 

onformably overlain by Proterozoic sediments.  In this study we present a 
ewly acquired detailed geological map of the Lac Cinquante region that has been coupled with bulk 

an attempt to understand the formation of the Lac Cinquante uranium deposit.  
tion reveal a more detailed geological history than 
otope compositions for the rocks surrounding the main 
 possibly related to increased low-temperature water-
re studies at the Lac Cinquante deposit involving fluid-
ful in unravelling the metallogenic history for the Lac 

ng region. 

sit, Nunavut, Geochemistry, Uranium Exploration, 

uranium 
ncentration have been recognised in the 

with new stable isotope and bulk rock 

geochemical data.  Mapping and bulk-rock 
geochemistry have revealed a suite of 
Archean tholeiitic basalts and basaltic 
andesites that transition into a tholeiitic 
bimodal volcanics to the East. The entire 
package is unconformably overlain by 

zoic sediments grading upwards 
om basal breccia, into conglomerate, and 

yer in the Archean volcanics, which is 

n
rock geochemistry in 
This new geological and geochemical informa
previously reported.  Preliminary oxygen stable is
ore zone show an envelope of high δ18O values,
rock interaction, and compositional changes. Futu
rock reaction and ore zone formation will be use
Cinquante deposit and mineralization in the surroundi
 
KEYWORDS: Unconformity Hosted Uranium Depo
Oxygen Stable Isotopes 
 
INTRODUCTION 
The Lac Cinquante unconformity 
associated uranium deposit is located in 
the Kivalliq district of Nunavut 
approximately 350 km west of Rankin 
Inlet, and is centered on approximately 
Latitude 62° 34’33” N, Longitude 
98°41’41”W. The deposit is hosted in 
volcanic Archean  greenstones that are 
unconformably overlain by the northeast 
trending Angikuni sub-basin. 
Mineralization is found within the 
basement volcanics that have undergone 
hydrothermal alteration along fault zones 
(Miller et al., 1986). Two major zones of 
mineralization, and three major styles of 
mineralization within the Archean 
greenstones have been identified in 
previous studies (Miller et al., 1986). 

dditionally, zones of anomalous A
co
overlying Proterozoic sediments. In this 
study we present a detailed 1:5000 
geological map that has been combined 

Protero
fr
sandstone with a volcanic trachyte unit 
capping the sedimentary rocks.  Oxygen 
stable isotope geochemistry reveals a 
zone interpreted to represent high-fluid 
flow and water-rock interaction associated 
with the mineralized metasedimentary 
la
important for understanding the 
composition, temperature, and amount of 
fluid responsible for the formation of the 
uranium deposit.  
 
REGIONAL GEOLOGY 
The Lac Cinquante uranium deposit is 
located in the Kivalliq Region of the 
Hearne Subprovince in the Western 
Churchill Province, Nunavut. The Western 
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Churchill Province is located in between 
the Superior province and Slave provinces 
and is separated from them by the Trans-
Hudson and Thelon orogens (Hoffman, 
1988). The Western Churchill Province 
has been subdivided into the Rae and 
Hearne subprovinces, which are 
seperated by the Snowbird Tectonic Zone 
(Hoffman, 1988; Berman et al, 2007). The 

eposit is associated with an Archean 
kyed 

and is unconformably 

rmity 
igure 1). The area was first mapped by 
iller et al. (1986) and was re-mapped in 

the summer of 2008. Mapping has 
revealed a basement assemblage of 
Archean greenstonesconsisting of a 
package of tholeiitic meta-basites 
including gabbros, massive basalts, and 
pillowed basalts, with interlayered 
metasedimentary tuffs. This package 
appears to repeat in a cyclical manner, 
with gabbros at the base, grading into 
massive flows with pillowed tops. To the 
East, the Archean sequence grades into a 
suite of bimodal volcanics that are 
comprised of alternating mafic (basaltic-
andesite) flows and felsic pyroclastic units. 
Proterozoic sediments of the Dubawnt 

upergroup Baker Sequence, are located

se, overlain by clast-supported 
onglomerates with interbedded 

d
greenstone sliver related to the Yath
Greenstone belt 
overlain by the Angikuni sub-basin, one of 
several northeast trending Proterozoic 
sub-basins of the Dubawnt Supergroup 
(Rainbird et al., 2003). 
 
LOCAL GEOLOGY 
The Lac Cinquante region is characterized 
by an Archean-Proterozoic unconfo
(F
M

S  
above the unconformity in the Lac 
Cinquante region. This sequence is 
characterized by a basal breccia unit at 
the ba
c
sandstones that fine upwards into 
sandstones, and siltstones. Conformably 
overtop of the Proterozoic sediments lies 
the Christopher Island Formation  
 
MINERALIZATION 
Two major zones of mineralization, the 
Main zone and the South Zone have been 

 
 
Fig.1.  Geology of the Lac Cinquante region 
shows Archean (green rocks) and ProterozOc 
rocks (yellow, grey, brown, and pink) separated 
by an unconformity (dashed line).  The location 
of the two major zones of mineralization, the 
main zone and south zone, documented by 
Miller et al. (1987) are noted on the map. 
 
documented in previous studies. These 
are characterized by graphitic exhalative 
horizons, and in drill core appear as 
tuffaceous metasediments (Miller et al., 
1986). In the region, three major styles of 
mineralization have been documented in 
the Archean greenstones, including: 
disseminated pitchblende with base 

etals in tuffaceousm
d

 metasediments, 
iscrete pitchblende veins that cut across 
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the metasediments, and quartz, 

f the Lac 
inquante deposit shows that the Archean 

(both the mafic volcanic 

do
ba
un
rh  
 
 

carbonate, sulphides, and pitchblende in 
gash veins trending 040 to 060 along 
fractures (Miller et al., 1986). Future 
studies of the mineralization will aim to 
document the age of mineralization, timing 
of mineralization, and composition and 
temperature of the fluids responsible for 
mineralization. 
 
BULK ROCK AND STABLE ISOTOPE 
GEOCHEMISTRY 
Bulk rock geochemistry o
C
volcanic rocks 
flows and the bimodal volcanic suite) are 

minantly tholeiitic high-Fe basalts and 
saltic andesites. The alternating felsic 
its in the bimodal suite are dacitic and 
yolitic in composition (Fig. 2). 

 
 
Fig. 2.  Jensen cation plot for the classification 
of volcanic rocks in the Lac Cinquante region 
according to their Al, Mg, and Fe+Ti cation 
ratios. 
 
Preliminary oxygen isotope data from bulk 
rocks in a drill core that crosses the main 
zone (Fig. 3) show that the rocks 
surrounding the main ore zone at the Lac 
Cinquante deposit are elevated above 
normal magmatic values. This has been 
interpreted to preserve the signature of 
elevated fluid flow surrounding the ore 
zone. The trend is characterized by a 

o
to
o

se
m
a
flu
to

re o
flu
 
 

steady increase in δ18O to a peak at the 
re zone, and a steady decrease in δ18O 
 more typical magmatic values after the 
re zone. This may have resulted from 
w-te t e alte a  lo mpera ur r tion (< 250°C) of 

basalt leading to the formation of 
condary phyllosilicate (and other) 
inerals with elevated δ18O values. It is 

lso evident from this data that focused 
id flow around the deposit is likely linked 
 the chemistry of the rocks hosting the 
re zone. Future studo ies will investigate 

additional detailed isotope studies to 
solve fluid-r ck interaction values, and 
id temperatures. 

 
 
Fig. 3.  Oxygen stable isotope data from drill 
hole YUA-74 showing an elevated δ18O 
envelope surrounding the main ore zone. 
 
CONCLUSIONS 
New mapping and bulk rock geochemistry 
of the Lac Cinquante uranium deposit has 
revealed a more detailed geological 
history than previously reported. The 
combination of geology and geochemistry 
have provided important preliminary 
results that will be important for 
understanding the metallogenesis and 
formation of this unconformity associated 
uranium deposit.  Future studies at Lac 
Cinquante will focus on dating the 
mineralization, constraining the fluid 
temperatures and composition responsible 
for mineralization, and more detailed 
mineral chemistry of the alteration halo 
around the deposit.   
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INTRODUCTION 
Under the Potable Water Regulation of the 
New Brunswick Clean Water Act, the 
Province of New Brunswick maintains a 
database of groundwater quality data 
collected from domestic water wells drilled 
since 1994.  

New Brunswick privacy regulations 
prohibit the distribution of these water 
quality data by any method which 
identifies the individual well owner or 
associated property.  These data can only 
be provided to researchers and other 
interested parties in aggregate form with 
all identifying coordinate data removed. 

In 2006, as a means of making these 
data available in a spatial format to 
various user groups, the New Brunswick 
Department of Environment (DENV) 
began development of a series of thematic 
maps of groundwater quality using 
information in the domestic water well 

released without compromising privacy 
regulations. Based in part on the previous 
work done by Rivard et al. (2005) in the 
Maritimes Carboniferous Basin, the 
resulting New Brunswick Groundwater 
Chemistry Atlas (Atlas) was published in 
December 2008 and is available on-line at 
www.gnb.ca/env

ABSTRACT: Under the Potable Water Regulat
Brunswick maintains a database of groundwater q
since 1994. Privacy regulations prohibit the distrib

dividual well owner or in
Brunswick Departm
Atlas (Atlas). The A
samples collected from domestic water wells drill
standard inorganic chemistry analysis conducted
Laboratory are individually mapped in the Atlas.  
with information pertaining to the distribution of t
Canada drinking water quality guidelines. In 
groundwater quality in the Province, the Atlas m
water well database more accessible to the pub
facilitates trend analysis and serves as a valuable
professionals, geologists, groundwater researchers
 

 to providing a baseline measurement of 
 the information in New Brunswick’s domestic 
he geographical representation of these data 

urce for many user groups, most notably health 
 land use planners.  

norganic chemistry, da

. 
 
BACKGROUND 
When a domestic water well is drilled in 
the Province of New Brunswick, the well 
driller completes a Water Well Driller’s 
Report outlining the well location, 
construction details, estimated water yield, 
and geology encountered. The report is 
forwarded to the DENV where the 
information is entered into the domestic 
well log database.  

The well owner is also given a copy of 
the Water Well Driller’s Report and is 
required by law (under the Potable Water 

database.  The goal was to develop a 
series of maps, which could be publicly 

Regulation – New Brunswick Clean Water 
Act) to purchase a Water Quality Analysis 
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Voucher at the time of drilling. The well 

31, 2006. This resulted in 
0,664 usable water chemistry results, 

ach case resulting in 
v n t he 
d well log dat reported 

20

lead, magnesium, manganese, 
ni

al 
arameters the Atlas also includes a plot 

nd maps of NB surficial 

ig. 1.  Flow chart of water quality analysis voucher pr
New Brunswick. 

owner then redeems the voucher by 
collecting the necessary water samples, 
using the bottles and a methodology 
provided by the DENV, and submitting 
them to the DENV Analytical Services 
Laboratory for a standard inorganic 
chemistry analysis.  

Results are entered into the DENV 
water quality database and a report with 
the results is sent to the well owner by the 
New Brunswick Department of Health (NB 
Health). A flow chart of this process is 
illustrated in Figure 1. 
 
METHODOLOGY 
The results of water quality analyses were 
extracted from the water quality database 
for the period of January 1, 1994 to 
December 
1
although not every parameter was 
analysed is e
ariations i he sample size.  T
omestic abase 

,478 usable well logs for the same time 
period.   

The discrepancy between the number of 
well logs and the number of water 
chemistry results indicates that roughly 
50% of well owners did not submit a water 
quality sample to the DENV for analysis 
and redeem their Water Quality Analysis 
Voucher over the reporting period.   

In all 28 parameters were individually 
mapped: alkalinity, aluminum, antimony, 
arsenic, barium, boron, bromide, 
cadmium, calcium, chloride, chromium, 
conductivity, copper, fluoride, hardness, 
iron, 

trate, pH, potassium, selenium, sodium, 
sulphate, thallium, uranium, and zinc. 
These parameters constitute the standard 
inorganic analysis conducted at the DENV 
Analytical Services Laboratory.   

Along with individual chemic
p
of well depths a
geology (modified from Rampton, 1984) 
and bedrock lithology (modified from Fyffe 
& Richard, 2007).   

 

 
F ocess for newly drilled domestic water wells in 
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RESULTS 
For each individual parameter, the Atlas 
plate indicates the range in concentrations 
of the parameter along with information 
pertaining to the distribution of the data 
and their relationship to the Health 
Guidelines for Canada Drinking Water 
Quality (Health Canada, 2008). 

The following tables provide a detailed 
breakdown of the compliance of water well 
samples with health-based guidelines 
(Table 1) and aesthetic guidelines (Table 
2). These results indicate that in general 
the water quality of domestic water wells 
in New Brunswick is very good. The most 
common water quality issues in New 
Brunswick are due to excessive iron and 
manganese in well water, which is 
attributable to the natural geology of the 

rovince.  

able 1. Compliance of samples with health-
ased guidelines  
Parameter Samples in compliance 

p
 
T
b

Antimony 99.4% 
Arsenic 94.1% 
Barium 98.6% 
Boron 100% 
Cadmium 99.9% 
Chromium 99.8% 
Fluoride 95.0% 
Lead 97.3% 
Nitrate 99.4% 
Selenium 98.9% 
Uranium 97.9% 

 
Table 2. Compliance of samples with aesthetic 
guidelines.  

Parameter Samples in compliance 
Chloride 96.7% 
Copper 99.9% 
Hardness 89.2% 
Iron 71.2% 
Manganese 60.2% 
pH 86.3% 
Sodium 96.6% 
Sulphate 99.4% 
Zinc 99.9% 

 

tances, the Atlas indicates 

pa
ge

en
hi

R
ch
vu

d areas e relic sea 
o

de

be
fu
groundwater chemistry and well depth, 
surficial and bedrock geology, and 
structural features such as fault zones.   
 
CONCLUSIONS 
Since its release in December 2008, the 
New Brunswick Groundwater Chemistry 
Atlas has proven to be a useful tool to 
help educate New Brunswickers about 
general groundwater quality in the 
province and identify areas with potential 
water quality concerns.  The Atlas can be 
used in conjunction with other information 
by planners and developers to make 
informed decisions about land use 
planning and sustainable development.  
The data are also being used in 
environmental health research and 
mineral exploration by groundwater 
researchers and geologists. 

The Atlas provides a basis for further 
research into factors that affect natural 
groundwater chemistry.  It also serves as 
a baseline for comparing shifts in water 
quality overtime due to climatic changes 
and other factors.  

Since the Atlas only includes water 
chemistry data up to December 31, 2006, 
it is intended to be periodically updated as 
additional well water quality data become 
available.   

The Atlas should be used for general 
information purposes only, and 
independent confirmation of groundwater 
quality for specific sites is recommended. 

In certain ins
a relationship between a water chemistry 

rameter and the bedrock geology, the 
ological history, or general land use of 
e area. For example, higher con-th

centrations of iron and manganese are 
countered in the Carboniferous Basin, 

gher nitrate concentrations are seen in 
agricultural areas along the Saint John 

iver valley, and elevated sodium and 
loride can indicate areas that are 
lnerable to salt water intrusion but can 
so outline inlanal wher

water fr m the late Quaternary is found at 
pth. 
In the future, additional data analysis will 
 conducted on the dataset in order to 
rther examine the relationships between 
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ABSTRACT: A geochemical analysis of major, trace an
sands collected from the Northeastern coast of Mexico i
different beaches. Results show that major elements 
heavy minerals and plutonic and sedimentary input t
tendencies indicate that the beach sands are influenc netite. Finally, the 
differences in Eu anomalies indicate a mix of felsic to
weathering.  
 
KEYWORDS: beach, sand, provenance, Mexico 
 
INTRODUCTION 
Beach and dune sediments are 
compositionally controlled by physical, 
chemical and mechanical factors such as 
waves, wind, and long shore currents, 
climate, relief, source composition, 
transport and river discharges among 
others (Folk 1974, Ibbeken & Schleyer, 
1991; Carranza-Edwards et al. 1994; 
Critelli et al. 1997; Carranza-Edwards et 
al. 1998; Armstrong-Altrin et al. 2003; 
Armstrong-Altrin et al. 2004; Kasper-
Zubillaga & Carranza-Edwards 2005; 
Kasper-Zubillaga et al. 2008a). A wide 
range of techniques are used for 
geochemical determinations to investigate 
the compositional differences of the beach 
and dune sediments. Such techniques are 
defined by major, trace and rare earth 
elements analyses. Furthermore, these 

ng the 
l the 

omposition of coastal sediments. In this 
paper we focus our attention in showing 
the spatial trends of geochemical data 
obtained during the dry season in the 
northeastern coast of the Gulf of Mexico to 
discuss the provenance implications. 
 

ellets.  They 

tion being < 1% 
(S

er. 

ch and dune sands from the 
plications for provenance 

ohn S. Armstrong-Altrin1,  
 Edwards1 

acional Autonoma de Mexico, Circuito Exterior s/n, 
mail kasper@icmyl.unam.mx) 

d rare earth elements was carried out in beach 
n order to observe the spatial trends along three 
patterns along the beaches are controlled by 
owards the coast. In addition, trace elements 
ed by the presence of mag

 mafic and intermediate rocks and feldspar 

techniques allow to understandi
ulti-factorial roles that controm

c

 
 

STUDY AREA 
The study area is located in the coastal 
area of the state of Tamaulipas, Mexico 
(22o10’ 24o00’W; 98o00’N).The sampling 
was carried out in three main localities: 
Playa Miramar, Boca del Tordo and La 
pesca (Figs. 1&2).   

Main rivers discharging in each site are 
Panuco, Carrizal and Soto La Marina. 

The geology of the study area 
comprises mainly: limestones, shales, 
alluvial deposits and basic extrusive and 
intrusive rocks. 

 
MATERIALS AND METHODS 
Sand samples were dried at 110 oC and 
treated with lithium meta and tetraborate 
to make pressed powder p
were analysed using a X-ray fluorescence 
Siemens SRS3000 equipment for major 
and trace elements. For major and trace 
elements precision is valuated in terms of 
relative standard devia

utarno & Steger 1985).  
The REE analysis was carried out in 

twenty two sand   samples by using 0.1 g 
of dried sample (mesh 200) and digested 
with strong acid. Digestion was performed 
in teflon vessels using 4 ml of HCl O4 and 
10 ml HF. This mixture was heated and 
residue dissolved in distilled wat

 1009 



Proceedings of the 24th IAGS, Fredericton, 2009 

Residue was incorporated to a volumetric 
flask. Determinations of REE were carried 
out with an ICP mass spectrometer VG 
Elemental model PQ3. Detection limits 
were calculated as the concentration 
equivalent to three times the standard 
deviation of five replicates of the blank  
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Fig. 1. Study area and sampling sites. 
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Fig. 2. Map of showing the Trans-Mexican 
Volcanic Belt (TMVB) near to the study area. 

solution. It was better than 200ppt for all 
elements determined. Calibration of the 
apparatus was done with a 0.1, 1 10 and 
100 ppb multi elemental standard solution 
(SPEX- High Purity) and a blank solution 
of de-ionized water all containing HNO3 at 
2%. Results were observed for 
international standards (JG-2). The validity 
of the analytical procedure was assessed 
by means of accuracy and precision tests. 
They were calculated by comparing 
measured and reference values (JA-2). All 
elements determined had a better than 10 
% relative standard deviation (RSD) 
precision. Data resulted for BCU-3 or “in 
house standard indicated good agreement 
with the certified values. 

Chondrite-normalized REE patterns 
were based on values by Evensen et al. 
(1978) averaging the samples firstly 
determined in ppm for each site. 

 
RESULTS & DISCUSSION 
From Figure 3 it can be observed that 
among the major element trends Ti shows 
various peaks from localities 10 to 22 that 
correspond to some beach areas from 
Playa Miramar, the whole area of Boca del 
Tordo and one sample from the La Pesca 
This suggests that this area might have 
influenced by heavy minerals and plutonic 
and sedimentary outcrops as it has 
previously reported in dune sands from 
Mexico (Kasper-Zubillaga et al. 2008a). 
The rest of the major elements do not 
show differences in their trends along the 
coast. However, Ca shows a dynamic 
behavior represented by oscillations along 
the coast probably produced by the 
amount of biogenic debris.  

Trace elements show that V exhibit high 
peaks in Boca del Tordo beach probably 
associated with the presence of some 
heavy minerals like magnetite (Kasper-
Zubillaga et al. 2008a). 

Rare earth elements patterns show 
differences in Eu anomalies for the 
samples studied from Boca del Tordo (Fig. 
5) that can be attributed to the mix of felsic 
and mafic sources. This variation can also 

e explained due to the impoverishment of 

 Boca del   

b
feldspars due to weathering (Kasper-
Zubillaga et al. 2008b). Also
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Fig. 3. Spatial trends of major elements at 
beach and dune sands from the northeastern 
coast of Mexico. 
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g. 4.  Trace elements tendencies along the 
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Fig. 5.  Rare  earth elements in the 
northeastern coast of Mexico. 
 
Tordo concentrates more rare earth 
elements especially in samples 16 and 18 
which is probably due to the presence of 
some heavy minerals that are potential 
carriers of rare earth elements (Kasper-
Zubillaga et al. 2008b). The possible 

P
th

C

N
in
an
(2
th

pre

(3
ne
some sa udied from the 
Northeastern beaches suggesting a mix of 
felsic and mafic source rocks and feldspar 
weathering. 
 
ACKNOWLEDGMENTS 
We are indebted to Rufino Lozano and 
Ofelia Morton for the geochemical 
analyses carried out at the Instituto de 
Geologìa and Instituto de Geofisica 
respectively from the Universidad 
Nacional Autònoma de Mexico, Mexico. 
 
REFERENCES 
ARMSTRONG-ALTRIN, J.S., VERMA, S.P., 

MADHAVARAJU, J., LEE, Y.I., & RAMASAMY, S. 
2003. Geochemistry of upper Miocene 
Kudankulam limestones, southern India. 
International Geological Review, 45, 16-26. 

ARMSTRONG-ALTRIN, J.S., LEE, Y.I., VERMA, S.P., 
& RAMASAMY, S. 2004. Geochemistry of 
sandstones from the Upper Miocene 
Kudankulam Formation, Southern India: 
implications for provenence, weathering and 
tectonic setting. Journal of Sedimentary 
Research, 74, 285-297. 

CARRANZA-EDWARDS, A., ROSALES-HOZ, L., & 
SANTIAGO-PÉREZ, S. 1994. Provenance 
memories and maturity of holocene sands in 
Northwest Mexico. Canadian  Journal of  
Earth Sciences, 31, 1550-1556. 

CARRANZA-EDWARDS, A., BOCANEGRA-GARCIA, 
G., ROSALES-HOZ, L. & DE PABLO GALÁN, L. 
1998. Beach sands from Baja California 
Peninsula, México. Sedimentary Geology, 
119, 263-274. 

CRITELLI, S., LE PERA,, E., & INGERSOLL,R.V. 
1997.The effects of source lithology, 
transport, deposition and sampling scale on 

source of volcanic is mainly through the 
anuco River that intersects volcanic from 
e Trans-Mexican Volcanic Belt. 
 
ONCLUSIONS 

(1) Major elements trends show that 
ortheastern Mexican beaches are 
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samples of soils, rocks and iron ores were studied 
s. This allowed for the first time to get a considerable 
y a large number of studied bioobjects of plants not 

 in other regions of the East Siberia, particularly in 
search is revealing the System of Nonbarrier-Barrier 

yers of bark of trunks of various species of trees as 

llium, n

 
of meters, iron content changes from 20 to 
60 % and on average is close to 30-35%. 
Explosion tubes break through Ordovician 
and Cambrian sedimentary rocks and are 
of Triassic age. On their contacts with 
carbonate rocks the complex processes of 
scarning are widely developed. 

 
THE SYSTEM OF NONBARRIER-BARRIER 

which was – 

deposits 

s in 

nonbarrier 

al 

 
ABSTRACT: 9070 samples of plants and 1060 
when research was done on four iron ore deposit
volume of fact data about the iron accumulation b
only in Angaro-Ilimskii iron ore region, but also
Buryatia and Chita area. The main result of the re
Accumulation (SNBBA) of plants and external la
bioobjects, nonbarrier in relation with iron. 
 
Keywords: biogeochemistry, plants, iron, bery
 
INTRODUCTION 
The objects of biogeochemical researches 
were four iron-ore deposits of Angaro-
Ilimsk ore-bearing region of Irkutsk area: 
Rudnogorskoe, Oktyabr’skoe, 
Tat’yaninskoe and Zmeinogorskoe. All 
deposits are explosion tubes of rounded 
and oval form. Magnetite and seldom 
gematite iron-ore bodies, which are of 
practical interest, have mainly ring-
shaped, seldom secant, linear form on 
them. Ring-shaped ore bodies are situated 
on peripheries of explosion tubes. Their 
thickness is measured by meter and tens

onbarrier-barrier  

the first time, the aim of 

ACCUMULATION (SNBBA) OF PLANTS IN 
RELATION TO IRON 
The first data about nonbarrier iron 
accumulation by external layers of tree 
trunk bark were received by us on 
Ermakovskii fluorite-beryllium deposit in 
Zabaikalye. Detailed research of chemical 
element (CE) distribution in cross-sections 
of trees trunks and in their other parts and 
species of plants were conducted here for 

SNBBA of plants in relation with beryllium 
and companions of its 
(Kovalevskii & Kovalevskaya, 1979). Here 
suddenly it was established that over a 
fluorite-beryllium ore body, the average 
content of iron for four specimens were 
anomalously high. In the external layer of 
pine trunk bark it was 4.1 %, in subereous 
cones and roots – 5 %. These content
nonbarrier bioobjects of pine were higher 
than in soils (2 % in horizon A, 3 % in B, 
and 1 % in C). For these 
bioobjects plant-soil coefficient (PSC) of 
iron were unusually high 2-2.5. According 
to Perel’man (1989), iron is referred to the 
elements of average and weak biologic
capture with the coefficients of biological 
absorption (CBA=PSC) 0,n – 0,0n. 
Minimal content of iron at the considered 
key point of Ermakovskii beryllium deposit 
– 0.8 % was established in bast 
(cambiums) of pine with the contents in 
twigs, needles and green cones equal 
to1.2; 2.1 and 1.4 %. For given four barrier 
bioobjects PSC were received equal to 
0.4; 0.6; 1.0; 0.7 considering an average 
iron content in soil equal to 2 % – 
considerably less, than its clark, which 
was equal approximately to 5 %. 
Established high PSC of iron on beryllium 
deposits are connected with pyrite form of 
iron in fluorite-beryllium ores containing to 
50-70 % of fluorite. On this beryllium 
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deposit, it was established that iron like 
Be, F, Li, Pb, Zr, Ti, Si, Al, `has the 
highest relative concentrations in external 
layers of tree trunk bark in comparison 
with other layers of bark, noticeably (in 2.5 
– 4 times) enriches the small fraction of 
crushed pine and larch bark and forms its 
own minerals in the bark: pyrite, magnetite 
(?) and ilmenite. These data were 
completely confirmed and supplemented 
when biogeochemistry of iron on its 
deposits in Angaro-Ilimskii ore region was 
researched. 

Iron in cross-sections of larch, pine, 
irch, cedar, fir tree, rowan-tree trunks 

 

ark – 

 of plants on the 
ost intensive biogeochemical haloes of 

i stud ts w

F ion of iron in tre  trunk o  the 
b n  of iron ore b s 
(dep  Okty oe, at’ya  nd 

meinaya gorka). A – larch (Larix dahurica 
 
 

ch

st

b
turned out to be distributed in the same 
type (Fig. 1). For all studied species of
trees the maximal contents of iron in the F
external layer of bark, and minimal – in 
internal layer of the youngest bast cells 
consisting mainly of dividing cambial cells 
were established. For all species of trees 
in 1.5-2 times greater content of iron is 
established in “young” sap-wood in 
comparison with “old” nucleous wood in 
the central part of trunk. According to 
concentration curves (Fig. 2) in the 
system: “external layers of trunks b
other bioobjects of the same species of 
trees” and comparison of iron contents in 
various species and parts
m
ron 213 

 
ied bioobjects of plan ere 

ig. 1.  Distrib
ackground a

osit

ut es n
d the ha
abr’sk

loes
 T

odie
aninskoe,

Z
Turcz.); B – pine (Pinus silvestris L.); C – birch
(Betula platyphylla Sukacz.); D – cedar
(Cedrus sibirica (Rupr.); E – fir-tree (Picea 
obovata Ledeb); F – rowan-tree (Sorbus 
sibirica Hedl.). 1 – on the haloes (a – the most 
intensive, b – of middle intensive, c – the less 
intensive); 2 – on the background. 

ig. 2.  Concentration dependence in the 
system: the known nonbarrier biological object 
– the studied biological object for iron on the 
Oktyabr’skoe iron ore deposit. 
a – birch: 1 – bark, 4 – sap-wood, 6 – nucleus 
wood, 7 – bast, 8 – leaves, 9 – twigs. 
b – larch: 1 – external layers bark, 2 – middle 
layers of bark, 3 – internal layers of bark, 4 – 
sap-wood, 5 – twigs with needles, 6 – nucleus 
wood, 7 – bast. 
c – pine: 1 – external layers of bark, 2 – 
average layers bark, 3 – internal layers bark, 4 
– sap-wood, 5 – twigs with needles, 6 – 
nucleus wood, 7 bast. 
d – external layers of bark of different species: 
1 – of larch, 2 – of pine, 3 – of birch, 4 – of 
cedar, 5 – of fir-tree, 6 – of aspen. 
 
grouped for the first time according to their 
prospecting informativeness to this 

emical elements (Kovalevskii, 1991).  
From 213 studied bioobjects overgroung 

bioobjects of plants – external layers of 
trunks layers of trunks bark and Siberian 
larch and ordinary pine stumps, their 
suberificated cones and birch bark and 
also roots of all studied species of trees: 
larch, pine, and birch and green moss are 
mostly informative. Iron concentrations in 
their ash on its most intensive haloes 
exceed 10% according to data of the 
spectral analyses and reach 12-16% 
according to data of X-ray-radiometric and 
chemical analyses. In these 16 (7% of 213 

udied) most informative bioobjects haloe 
concentrations of iron exceed the 
background in 5-20 times, which 
approximately corresponds to contrast of 
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primary lithogeochemical haloes of iron in 
its ore bodies. That is why these biological 
objects can be considered nonbarrier, 
quantitatively-informative in relation to 
iron. They, first external layers of bark of 
larch, pine, cedar and fir tree trunks and 
also birch bark, are recommended for 
various researches of iron 
biogeochemistry. Especially if it concerns 
iron is used as element-indicator of 
magnetite ores and also of pyritization and 
sideritization zones, iron of which is more 
available to plants in comparison with iron 
of magnetite ores. 
 
RELATIVE CONTENT OF IRON IN VARIOUS 
BIOLOGICAL OBJECTS (BIOOBJECTS) OF 
PLANTS (RCBO) 
The second quantitative parameter, 
necessary for interpretation of received 
biogeochemical data is relative content of 
iron in bioobjects selected on the same 
points of observation – RCBO. Meanings 
of RCBO established for bioobjects of the 
studied iron ore deposits show 
inconsiderable differentiation between 
them exceeding ± 20% (Table 1). 

 
Table 1. Relative content (RCBO) of iron in 
bioobjects recommended for biogeochemical 
researches for this element. 
 

Iron ore deposits Biological 
objects Oktya-

b’rskoe 
 

Tat’ya-
ninskoe 

Zmei-
naya 
gorka 

Ave- 
rage 

Trunks bark: 
   pine 
(standard) 
   larch 
   cedar 
   fir tree 
   birch 
Suberificated 
cones: 
   pine 
   larch 
   fir tree 
Young 
underwood of 
pine 
 

 
 
1,0 
1,1 
1,2 
0,9 
0,8 
 
 
1,1 
1,2 
0,7 
 
 
0,7 

 
 
1,0 
1,1 
1,3 
1,0 
0,9 
 
 
1,1 
1,3 
1,3 
 
 
0,9 

 
 
1,0 
1,1 
1,1 
0,9 
0,8 
 
 
1,2 
1,1 
0,8 
 
 
0,8 

 
 
1,0 
1,1 
1,2 
0,9 
0,8 
 
 
1,1 
1,2 
0,9 
 
 
0,8 

 
INTENSITY OF BIOLOGICAL ABSORPTION 
OF IRON 

lithobiogeochemical model (Kovalevskii, 
1991). According to this model there are 
no free ground waters in the rootinhabited 
zone, and chemical elements (CE) are 
absorbed only from its solid phase. 
Intensity of biological absorption in this 
case is determined with the help of plant-
soil (PSC) and plant-rock (PRC) 
coefficients. During last years PRC was 
introduced by us for conditions, 
characteristic for vein ore deposits. On 
them often the horizon of plant nutrition, 
which is determined according to special 
methodics (Kovalevskii, 1991), of the 
studied CE turned out to be arranged to 
the lowest soil horizon D – elluvium of 
bedrocks.  

We determined PSC of CE as its 
contents ratio in ash of nonbarrier plant 
bioobject and in soil on the horizon of its 
nutrition, that is of great significance for 
easily-mobile chemical elements, which 
often enrich lower and rarely upper 
(nitrogen, phosphorus, manganese) soil 
horizons. For watershare elluvium 
landscapes essential differentiation of iron 
contents in soil sections wasn’t observed. 
For slope l

On all four studied iron ore deposits and 
on all other key sites the data of which 
were used in this report, iron absorption by 
plants take place according to 

andscapes over not thick iron 
re bodies depletion of upper soil horizons 

due to their horizontal 

their grains. Four main forms 
of iron in soils: magnetite (main), gematite, 

orphic (non-mineral) were 

(c at 

ir

h
On all studied by us iron ore deposits in 

Baikal-Amur main line (BAM) region 
magnetite iron dominates in ores. Only on 
Oktyabr’skii deposit hematite-magnetite 

o
was observed 
displacement concerning eluvium. 
Therefore is why also as for other ore 
elements we used usually the lower soil 
horizon C at the standard depth of our soil 
sections 0,8-1 m to calculate PSC. 

According to data we have values of 
PSC depend on mineral and chemical 
forms of the studied CE. The main ones 
are dependence on solubility of minerals 
and size of 

pyrite and isom
studied by us. Easily soluble siderite 

arbonate) form of iron is of gre
interest, but in the studied conditions such 
on ores known on Ozernyi pyrite-
olymetal deposit were oxidized to thep  

significant depth and converted into 
ydroxide forms in the rootinhabited zone. 
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ore bodies are known. Magnetite ores 
have various structure, texture and size of 
grains that was displayed in intensity of 
iron a
pla

d
in non
external layers of bark 
larch and birch trunks correspond we
iron ore b
on in tre

iogeochemical anomalies of iron are 

re massive gematite-

intensive biogeochemical anomalies with 
7-12 % iron were revealed outside the 
known iron ore bodies. These anomalies 

 
n 

of pyritization is 1.4-1.7, 
rage 1.5. So, on Oktyabr’skii iron ore 

precise 
its three 

its contents in ash of nonbarrier bioobjects 
nd in soils – 3-6 % at clark close 

 
R

bsorption by nonbarrier bioobjects of 
nts. The most disperse hardly enriched 

magnetite was found on Tat’yaninskii 
eposit. Biogeochemical anomalies of iron 

barrier bioobjects, which are here 
(crust) of pine, 

appeared to be connected with three
zones of pyritization and chalcopyritizatio
inside the diatreme and with one zone of 
pyritization outside its limits. When iron 
contents in these zones are 5-7 %, its 
PSC over zones 

ll to in ave
odies. At background contents of 
es bark ash 0.4-1,6 %, but in 

deposit for the first time a 
dependence of PSC of iron on ir

soils – 2-8%, its PSC on the background 
was equal to in average 0,2. Over iron ore 
bodies with concentrations 25-45 % 
biogeochemical anomalies of iron with its 
concentrations in ash of nonbarrier 
bioobjects 10-16 % at average value of 
PSC=0.3 were established, i.e., here 
availability of iron of disperse magnetite to 
plants was in 1.5 times higher than on the 
background, that is very favourable when 
using iron anomalies in plants for iron ore 
mineralization indication.  

On the Oktyabr’skii deposit 

mineral forms was established. Minimal 
PSC over massive gematite-magnetite 
ores (0.01-0.02), when there are no 
biogeochemical anomalies, evidence 
practical inaccessibility of gematite and 
massive magnetite to plants. Average 
PSC = 0.1-0.4 correspond to ores with 
disperse magnetite, and maximal 1.4-2.5, 
in average 2 – to zones of pyritization, i.e., 
sulphide forms of iron in the root inhabited 
zone. For sites with non-mineral, 
isomorphic forms of iron, typical for the 
background, an average PSC = 0.2 when 

b
characteristic not for all known ores. Such 

nomalies were not revealed over 
0.5-1 %, a
to 5 %. a

dominating he
magnetite ore bodies that evidenced 
inaccessibility to plants of iron being in 
composition of gematite and massive 
magnetite. Average PSC of iron over 
gematite-magnetite ore bodies were made 
0.01-0,02 at its contents in birch, pine and 
larch bark 0.2-1.0 %, which were not 
different from background contents, and in 
gematite-magnetite ores – 25-55 %. 
Biogeochemical anomalies of iron with its 
contents 3-7 % reaching 8-10 % were 
observed over various varieties of 
magnetite ores with contents 25-45 %. 
PSC of iron is here 0.1-0.4; approximately 
in 20 times higher than over massive 
gematite-magnetite ores. Over disperse 
magnetite ores of Oktyabr’skii deposit the 
average values of PSC of iron were the 
same as on Tatyaninskii deposit and were 
0.3-0.4. Unexpectedly four mostly 

 
CONCLUSIONS 
(1) Received data evidence that iron, like 
the majority of chemical elements, is 
characterized by nonbarrier accumulation 
in suberificated tissues of trees, in 
particular, in external layers of trunk bark. 
(2) Availability of iron to plants according 
to the lithobiogeochemical model of root 
nutrition depending on to its mineral forms 
in the root inhabited zone changes in 10-
100 times.  
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ated by lead from past use of lead in leaded 
nts. In this study the temporal variations in 
merican cities are examined. This study tested 
heric soil concentrations obtained from the 
nts (IMPROVE) exhibit statistically significant 

cate that atmospheric soil and atmospheric lead 
July 2005 (r = 0.47, p = < 0.001); In Pittsburgh 
 Birmingham between May 2004 to Decem
e

 
ABSTRACT: Soils in older cities are highly co
gasoline and due to the use of lead in exte
atmospheric soil and atmospheric lead in three N
the hypothesis that atmospheric lead and a
Interagenc  Monitoring of Protected Visual Envi
correlations in three North American cities.  Resu
were correlated in Detroit between November 20
between April 2004 to July (r = 0.40, p < 0.001); 
2006 (r = 0.35, p <0.001).  The hypothesis that a
patterns with highest concentrations during the 
suggested that atmospheric lead and atmospheri
suspension of urban lead contaminated soils. It is 
atmospheric lead concentrations, lead deposition, and
activity, urban lead contaminated soils should be 
 
KEYWORDS: lead, soil, re-suspension, blood, po
 
INTRODUCTION 
In the USA, motor vehicles used gasoline 
containing tetramethyl and tetraethyl Pb 
additives from the 1920s to 1986. By the 
1950s, Pb additives were contained in 
virtually all grades of gasoline. By 1986, 
when leaded gasoline was banned, 5–6 
m

ntamin
rior pai
orth A
tmosp

y ronme
lts indi
03 to 
and in ber 

tmosph
summ

c s
furt

 c
remedi

s ni g

 comparatively low 
mounts of Pb, suggesting that Pb based 

house paint could not account for the 
observed pattern of soil Pb (Mielke et al. 
1983). The same pattern was also found 
in Ottawa, Canada (Ericson & Mishra 
1990).  

The quantity and distribution of soil Pb 
have been studied in numerous places in 
North America (see Laidlaw & Filippelli, 
2008). All these North American cities 
exhibited the same distance decay 
characteristic of high soil Pb 
ontamination in the inner city and 

 of Baltimore (Mielke et al. 
83). Further, similarities in this distance 

decay pattern of soil Pb supports the idea 

ric soil and atmospheric lead follow seasonal 
er and/or autumn could not be rejected.  It is 
oil concentrations are correlated due to re-

her suggested that in order to decrease urban 
hildren’s seasonal exposure via hand to mouth 
ated or isolated.  

i o n ,

that assumption. Soil around Baltimore’s 
inner city buildings, predominantly 

painted brick, exhibited 

 children 

illion metric tons of Pb had been used as 
a gasoline additive, and about 75% of this 
Pb was released into the atmosphere 
(Chaney & Mielke 1986; Mielke & Reagan 
1998). Thus, an estimated 4–5 million tons 
of Pb has been deposited into the US 
environment by way of gasoline-fueled 
motor vehicles (Mielke 1994). 
Accumulation of soil Pb created by leaded 
gasoline is proportional to highway traffic 
flow (Mielke et al. 1997). 

In the 1970s, the presumed dominant 
source of soil Pb contamination was Pb-
based house paint (Ter Haar and Aronow, 
1974). A subsequent study of garden soils 
conducted in metropolitan Baltimore, 
Maryland, began to raise questions about 

un the highest 
amounts of Pb, and soils outside of the 
inner city, where buildings were commonly 
constructed with Pb-based paint on wood 
iding, containeds

a

c
decreasing contamination toward the 
outer parts of the city as initially identified 

 garden soilsin
19
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that Pb-based house paint was not the 
sole source contributing to these observed 
differences. 

Soil lead concentrations have been 
observed to be associated with children’s 
blood lead concentrations using multiple 
study designs – cross-sectional, 
ecological spatial, ecological temporal, 

spective soil removal and isotopic 
aidlaw & Filippelli, 2008). 

004; Laidlaw et al. 2005; 
et al. 2000). Early work by Mielke et 

al. (1992), Johnson & Bretsch (2002), and 
Johnson et al. (1996) suggested that 
blood Pb seasonality may be related to 
the interaction between climate and Pb 
contaminated soils. Yiin et al. (2000) 
actually measured seasonal changes in 
dust Pb levels and correlated blood Pb 
levels with seasonal dust Pb 
oncentrations. Yiin et al. (2000) 

dy found that windowsill 
ipe samples were most correlated with 

blood Pb concentration and the variation 
of dust Pb levels for floor Pb loading, 
windowsill Pb loading, and carpet Pb 
concentration were consistent with the 
variation of blood Pb levels, showing the 
highest levels in the hottest months of the 
year (June, July, and August).  

Laidlaw & Filippelli (2008), Laidlaw et al

using soil moisture and 
ables suggesting that re-

summer and autumn when 

su  

portion of the lead in the atmosphere is 
supported by lead isotopic analysis of 
atmospheric lead in Yerevan Armenia 
(Kurkjian et al. 2001), which indicated that 
following elimination of the use of lead in 
gasoline, 75% of atmospheric lead in the 
Yerevan atmosphere was derived from re-
suspended soil. 

Soil resuspension has the capability o
ntraining significant volumes of Pb into 

 each year in the South Coast 
Basin of California (SOCAB) and will 

remain a major source well into the future. 
Similarly, Lankey et al. (1998) concluded 
that 43% of Pb emissions in the South 
Coast Air Basin in California resulted from 
the resuspension of soil and road dust. 

In this study, data from Birmingham, 
Alabama; Pittsburgh, Pennsylvania; and

etroit, Michigan were selected to assess

 hypotheses were tested: 
)  Atmospheric air lead and atmospheric 
soil concentrations exhibit statistically 
significant correlations in three major 
North American Cities; and 

4)  Atmospheric soil and atmospheric lead 
follow seasonal patterns with highest 
concentrations during the summer 
and/or autumn. 

pro
(L

Average monthly blood Pb (BPb) values 
of children from urban areas tends to 
increase significantly in summer months 
Haley & Talbot 2(

Yiin 

c
conducted a study to examine seasonal 
changes in residential dust Pb content and 
its relationship to blood Pb in preschool 
hildren. The stuc

w

. 
(2005), and Filippelli et al. (2005) have 
demonstrated that seasonal variations in 
children’s blood lead levels in Syracuse, 
Indianapolis and New Orleans could be 

redicted p
atmospheric vari
suspension of urban soils contaminated 
by past use of leaded gasoline and paint 
were causally related to seasonal 
variations in blood lead.  These papers 
concluded that urban lead contaminated 
oil was being re-suspended when soils s

were dry in the 
evapotranspiration is maximised.  Their 
assumption that soil lead is being re-

spended and is responsible for a large

f 
e
the air of urban areas. Harris & Davidson 
(2005) calculated that resuspension of soil 
is responsible for generating 54,000 kg of 

irborne Pba
Air 

 
 D

seasonal patterns and assess seasonal 
relationships between atmospheric soil 
and atmospheric lead. 

The following
3

 
Figure 1: Birmingham, Alabama 
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g. 1.  Plot of atmospheric soil and 
mospheric lead in Birmingham, Alabama (r = 
35, p <0.001)
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Figure 2: Birmingham, Alabama- Median Atmospheric Lead Concentration 
(µg/m3)
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Figure 3: Birmingham, Alabama - Median Atmospheric Soil Concentration

(µg/m3)
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Figure 4: Detroit, Michigan -  Median Atmospheric Lead 
(µg/m3)
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Figure 5: Detroit, Michigan - Median Atmospheric Soil 
(µg/m3)
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Fig. 5.  Median Atmospheric soil 
ncentrations at IMPROVE air monitoring 
ation in Detroit, Michigan (November 2003 to 
ly 2005). 

Figure 6: Pittsburgh, Pennslyvania - Median Atmospheric Lead 
(ug/m3)
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g. 6.  Median atmospheric lead 
ncentrations at IMPROVE air monitoring 
ation in Pittsburgh, Pennslyvania (April 2004 
 July 2005). 
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Fig. 7.  Median Atmospheric soil 
concentrations at IMPROVE air monitoring 
station in Pittsburgh, Pennslyvania (April 2004 
to July 2005). 
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Fig. 4.  Median atmospheric lead 
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CONCLUSIONS 
1) In order to decrease urban atmospheric 
lead concentrations, lead deposition, and 
subsequent children’s exposure via hand 
to mouth activity, urban lead contaminated 
soils should be remediated or isolated.  
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ABSTRACT: Exploration in southern Australia is
such as aeolian sand and alluvium. Calcrete (c
assist mineral explorers searching for Au depo
accumulate Au. However, in large areas of South Aust
hampered by overlying sand. Here, we use groun
at the Edoldeh Tank Au deposit, suggest how ca
how Au in calcrete can extend the surficial geo
broader target for explorers. 
 
KEYWORDS: calcrete, gold exploration, grou
carbonate 
 
INTRODUCTION 
Calcrete (caliche) or pedogenic carbonate 
sampling is an important technique for 
gold exploration, particularly in Australia. 
In South Australia, mineral explorers use 
augers or manually dig ho

rtin Uni
N AUST
 1130, B

 comm
aliche),
sits as

d pen
lcrete

chemic

nd pe

les and collect 
ca

may be ubiquitous in 
so

T

, located on the edge of the 

lcrete from the near surface. Typically, 
calcrete accumulates in arid/semi-arid 
conditions in South Australia as a result of 
wind blown dust, rainfall and aerosol 
derived from marine sources. As calcrete 
forms sub-surface its appearance in 
undisturbed environments is commonly 
disguised by soil and other regolith 
materials. Calcrete 

me areas but in sand dune 
environments its precise distribution in the 
landscape is not well known. Augering or 
digging for calcrete here is a hit and miss 
procedure and add significantly to 
exploration expenditure. Therefore, an 
appreciation of calcrete distribution in the 
landscape is important to mineral 
exploration.  
 
METHOD AND RESULTS 

he distribution and possible processes of 
formation of calcrete was investigated at 
Edoldeh Tank Au prospect in the western 

Gawler Craton
Great Victoria Desert (GVD). In this part of 
the GVD, regolith landforms are 
comprised of scarce hills of weathered 
bedrock outcrops surrounded by sand 
spreads, dunes and colluvial materials; 
the hills act as windows to the otherwise 
covered weathered bedrock. The outcrops 
themselves have been silicified and, more 
recently, have been overprinted with 
calcrete. Calcrete sampling is relatively 
easy on the exposed outcrops and is 
preferentially sampled by mineral 
explorers due to its near-surface location 
(<10-20 cm depth). However, calcrete on 
the colluvial slopes and in the swales is 
not as easily located because of 
concealment by GVD sand and colluvium.  

Ground Penetrating Radar (GPR) was 
selected to be the primary technique for 
mapping the calcrete extent because it 
has very good resolution (less than 0.3 m 
for a 250 MHz system) and in dry 
sand/rock can map geological features 
down to about 10 m (at 250 MHz) depth 
before attenuation and scattering reduce 
the signal. Other geophysical techniques 
generally lack sufficient contrast or 
resolution to be useful. Seismic methods 
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can detect consolidated layers very well 
and have reasonable resolution at shallow 
depths, but are at least an order of 
magnitude slower in this environment and 
cannot detect the base of the calcrete 
easily. Data were collected for 250 and 
500 MHz antenna, and spatial sampling 
was set by constant time interval and a 
slow, but steady rate of progress with 
markers set in the data for 20 m tape 
intervals. A stack of 32-64 pulses were 
recorded every 5 cm or less. A surprise in 
the GPR data was its lack of penetrating 
power through the cover. The GPR data 

quired more than usual gain adjustment 
essing to preserve the 

ark the calcrete boundaries. As the 
signal was often at the level of residual 
systematic noise a long interval 2D 
subtraction filter was used to extract the 
reflectivity variations. Whilst the calcrete 
itself seems fairly transparent, although 
irregular, it appears that the very dry 
quartz sand (>90% silica) highly 
attenuates GPR signals; possibly due to a 
thin coating of iron rich clay over each 
silica particle. Surveys upon a nearby 
track over small sand dunes appear to 
confirm this characteristic. 

Five E-W and N-S transects were 
selected for the GPR survey. These were 
located below the flanks of a low hill 
strewn with silcrete and silicified 
weathered bedrock cobbles and gravels. 
Previous limited drilling indicated that the 
thickness of exotic sandy cover was about 
5 m and that calcareous materials may be 
patchily distributed. 

The GPR survey data showed a 
consistent zone of resistance located at 
~0.5-1 m below the surface for each of the 
five E-W transects. Stacking the graphical 
images of the transect data, according to 
their locations on the plan, reveals a 
tongue-shaped structure of resistance that 
extends southwards (down slope) at least 
200 m visible on all five transects. The 
depth of resistance is consistent with a 
sub surface enrichment of calcrete. 

In order to test this hypothesis, 25 
shallow pits were dug along the transect 
lines through the sand in areas of high 

rbonate) 
om sub-surface laterally and vertically 

rced from 

ed with calcrete preventing 
vertical downwards penetration of vadose 
water. Instead, vadose water would move 
laterally until it evaporates or is removed 
by transpiration. Precipitation of calcium 
carbonate at the surface of the calcrete 
would occur, thus contributing to the 
laminated occurrence of the calcrete.  
 
DISCUSSION 
The tongue-shaped calcrete structure 
delineated by the GPR has likely to have 
been formed in one of two ways: either it 
is the remnant of a more widespread 
calcrete platform that once covered the 
entire study area as a result of horizontal 
movement of fluids and detritus 
downslope of the hill or it signifies a 
palaeochannel formed as a result of 
vadose water preferentially flowing and 
precipitating in confined zone. The current 
topography shows a gradient from the NW 
to the SE within which ephemeral 
drainages have developed. There is an 
absence of laminar calcrete accumulation 
in the near surface of the ephemeral 
drainages. Deep trenching through the 
calcrete and sedimentological analysis is 
required to further investigate these 
possible explanations of the calcrete 
tongue formation. Either way, Ca has 
been transported downslope. 

The significance of the calcrete tongue 
became apparent after geochemical 
analysis of samples from the test pits 
showed elevated Au concentrations. 
Importantly, the highest concentrations 
(>50 ppb Au) were confined to the laminar 

re
and signal proc
amplitude variations of reflectivity that 
m

and low resistance. The zones of high 
resistance were coincident with the 
appearance of a near-surface hard 
laminated calcareous hardpan while the 
zones of low resistance either had poorly-
developed calcareous materials, powdery 
pedogenic carbonate and/or nodular 
calcrete. 

The often smooth top surface to the 
calcrete suggests that the calcrete formed 
by the precipitation of Ca (as ca
fr
flowing vadose water sou
rainfall, which penetrates easily through 
the overlying sand. The sub-surface has 
been plugg
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calcrete of the tongue. The source of the 
Au is from the hill where elevated Au 
concentrations have been found in the 
weath

sig
geochemical 
broader target for 
Edoldeh Tank 
set
anomalies in calc
but still retai  
and thus 
mineralisatio

successfully used to delineate an 
otherwise undetectable sub-surface 
calcrete structure. The origin of the 

u

te 
 exploration 

emically-
ate can retain 

ve 
urces. 

n Reid for 

ered basement. The  Au in calcrete 
down slope of the hill represents a 

nificant extension to the surficial 
anomaly and provides a 

exploration both at 

structure is a res lt of surficial processes 
related to rainfall and topography. 
Elevated Au concentrations in the calcre
provide a broader target for
and suggest that “transported” ch

and for similar landscape mobilised pedogenic carbon
tings in the GVD. It suggests that Au 

rete can be transported 
a geochemical signature developed abo
upslope mineralisation so

n their anomalous signature  
provide a vector to 

n. 
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d mechanisms responsible for the atmospheric 
udies concentrated mainly on oceans, and soil 
t there is an important CO2 sink in carbonate 
ptake of DIC by aquatic ecosystems. The sink 
 oceans via rivers and 0.22 Pg C/a by meteoric 

e, and 0.23 Pg C/a is stored in the continental 
.70 Pg C/a, may increase with intensification of 
dust in atmosphere, reforestation/afforestation, 
rojection of global warming for the year 2100, it 
about 0.18 Pg c/a. 
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dissolution, the global water cycle and photosynt
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of Kar
y o
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spher
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INTRODUCTION 
An important problem in the science of 
global change is the imbalance of the 
atmospheric CO2 budget (Melnikov & 
O'Neill, 2006). Of the CO2 added to the 
atmosphere from burning of fossil fuels, 
~half stays in the atmosphere and ~half is 
absorbed into the oceans and terrestrial 
biosphere. Some is “missing”. Without 
correct accounting, predictions resulting 
from CO2 emission scenarios are 
uncertain and the uncertainty affects 
energy policy decisions. 

Previous studies addressed oceans and 
terrestrial vegetation as CO2 sinks. Here, 
we describe an important CO2 sink in 
carbonate dissolution, the global water 
cycle (GWC), and uptake of dissolved 
inorganic carbon (DIC) by aquatic. The 
sink is larger than previous estimates 
(Meybeck 1993; Gombert 2002). 
 

T

T MP DIC,MP RO x CDIC,RO          (1) 

whe MP is meteoric precipitation and 
QRO is continental runoff (Shiklomanov 
1993), CDIC,MP is the mean observed 
meteoric precipitation DIC concentration, 
and CDIC,RO is the calculated DIC in 
equilibrium with world mean soil CO2 
and/or calcite. 

CMP,DIC was based on MP falling on 
oceans. CDIC,RO is computed, using the 
DIC of soil pore water in equilibrium with a 
soil air pCO2 and/or calcite (Dreybrodt 
1988). Global mean soil pCO2 was 
calculated as (Brook et al. 1983): 
log(pCO2)= –3.47+2.09(1-e- 0.00172 AET)   (2) 
where AET is annual evapotranspiration, 
and weighted for carbonate (~15% of the 
land area; Ford & Williams 1989; Gombert 
2002) and non-carbonate regions.  

The net CO2 sink for RO (JN,RO) is:  
JN,RO = JTC – JDG,RO                                 (3) 
where JTC is CO2 sink by the dissolution of 
carbonate and CO2, and JDG,RO is CO2 

 

the global water cycle, incr ase in CO2 and carbon
and with fertilization of aquatic ecosystems. Unde
is estimated that this CO2 sink may increase by 22

     
KEYWORDS: atmospheric CO2 sink, carbonate d
organic matter storage/burial 
 

tion, global water cycle, aquatic photosynthesis, 

METHODS 
The CO2 hydrologic sink (J ) is: 
J  = x C  + Q

degassed from RO waters (Einsele et al. 
2001; Lerman & Mackenzie 2005). 

 Q

re Q
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CALCULATION OF GWC CO2 SINKS  
Figure 1 presents the model. Precipitation 
rates are: 9000 km3 between atmosphere 
and continental interior (CI), 110000 km3 
between atmosphere and continental 
margins (CM), and 458000 km3 between 
atmosphere and oceans. Mean DIC for 
gl

sed a different 
proach. Although our method seems 

amounts of 

HCO3
- ⇔ CaCO3 + CH2O + O2. 

tudied 

obal precipitation is 81.59 μmol/l. Thus, 
the atmospheric CO2 sink is 0.0044, 
0.054, and 0.22 Pg C/a, respectively (Fig. 
1). Annual global CI RO and CM RO are 
2000 and 44800 km3, respectively 
(Baumgartner & Reichel 1975; 
Shiklomanov 1993). Using global mean 
soil pCO2 of 6393 ppmv and global mean 
surface temperature of 15oC, the 
equilibrium values of DIC are 300 and 
3640 μmol/l for the non-carbonate and 
carbonate terranes, respectively. Thus, 
CO  sinks by C2 I and CM RO are 0.013 
and 0.28 Pg C/a, respectively.  
The total calculated CO2 sink of 0.30 Pg 
C/a is very close to that of Gombert (2002; 
0.302 Pg C/a), who u
ap
valid, in terranes with large 
pedogenic carbonate (48% continental  

area; Adams & Post 1999), the 
continental-RO CO2 sink will be larger. 
Using 50% of land area as a conservative 
estimate of karst regions and soil with 
pedogenic carbonate, CO2 sinks by CI and 
CM RO are estimated to be 0.025 and 
0.57 Pg C/a, respectively (Fig. 1). 
Therefore, the total atmospheric CO2 sink 
as DIC by the GWC could be 0.82 Pg C/a.  

DIC is removed during photosynthesis 
(the “biological pump”; Maier-Reimer 
1993) or returned to the atmosphere. 
Lerman and Mackenzie (2005) found that 
net storage of organic carbon counteracts 
CO2 production by carbonate precipitation: 
Ca2+ + 2
Igle ias-Rodriguez et al. (2008) ss
phytoplankton calcification in a high-CO2 
world, finding that calcification and net 
primary production in the coccolithophore 
Emiliania huxleyi are increased by high 
CO2 partial pressures: over the past 220 
years there has been a 40% increase in 
average coccolith mass.  

River- and lake-surface areas are 
small compared with those of land and 
ocean, and so direct exchange of carbon  

 

 

(italic numbers, in Pg C/a; water fluxes from 
 

ks Fig. 1.  The global water cycle and its CO2 sin
Shiklomanov 1993). 
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between rivers/lakes and atmosphere is 
possibly less important (Kling et al. 1991). 
However, the rivers of the world are 
conduits between the land and ocean or 
in

the flux of carbon from rivers/lakes to the 
g et al. 1991) of 

/a 
buried in inland water sediments. 

ay

an
(K

si
 

T
in
(H

an
to

ced RO could 

a

du
te
pr

of
in sphere pCO  from 350 

to

af
in
AET also increases 13%, world mean soil 
pCO2 will increase from 6393 ppmv to 
7936 ppmv (formula by Brook et al. 1983; 
~24% increase), a conservative estimate 
in that it ignores potential soil CO2 

M

19
in

by
21
the bicarbon

P
ye
to
ch

C
W

di
up
co

re

0.
an and 25% of 

20

C
re

gl
2100 by IPCC, it is estimated that the CO  

~0

in

ca
an
no  and 
freshwater aquatic organisms can be 
fertilized by increases in N, P, Si, Fe, Zn 
and CO2 (Cassar et al. 2004; Zondervan 
2007), it is not clear how much of the 

land lakes, carrying large amounts of 
carbon to the ocean or inland lakes 
(Kempe 1984; Meybeck 1993).  

If 0.24 Pg C/a represents riverine DIC 
delivered to oceans (Meybeck 1993) and if 

atmosphere is 20% (Klin
the total (i.e., 0.12 Pg C/a), then 0.23 Pg 
C/a remains in inland lakes and rivers, 
and in slowly cycled groundwater. Cole et 
al. (2007) estimated that about 0.2 Pg C
is 
Groundwater m  have a greater carbon 
storage capacity due to its large volume  

d greater load of carbon than rivers 
empe 1984). 
Carbon flux from the oceans to 

atmosphere can be neglected, because 
oceans are a large net atmospheric CO2 

nk (Sabine et al. 2004). 

FUTURE OF THE GWC SINK 
he GWC sink for CO2 may increase with 
tensification of the hydrologic cycle 
untington 2006), including increase in 

MP DIC (increase in atmosphere pCO2 
d carbonate dust) and in RO DIC (due 

 reforestation; Liu & Zhao 2000). 
Climate-warming enhan

be 2~5% per degree (Huntington 2006). 
limate models predict averC ge global 

surface temperature rise of 1.1 to 6.4 °C 
ring the 21st century. Using a 

mperature increase of 3.75oC and 
ecipitation increase of 13%, the GWC 

CO2 sink may increase by 13% if the DIC 
 MP and RO are unchanged. For an 
crease in atmo 2

ppmv to 700 ppmv, MP DIC is estimated 
 increase by 21% (CaCO3-CO2-H2O 
stem) tsy o 83% (CO2-H2O system). 

Increases in AET and reforestation/ 
forestation may cause soil CO2 to 
crease (Liu & Zhao 2000). Assuming 

increase by fertilization and reforestation. 
acpherson et al. (2008) determined that 
oundwater pCO  in Konza Prairie, Ugr 2 SA 

increased by about 29% (2100ppmv) from 
91-2005. RO DIC is thus estimated to 

crease by 3.57%. Taking all these into 
account, the GWC CO2 sink may increase 

 ~22% （~0.18 Pg c/a）by the year 
00. Raymond et al. (2008) found that 

ate flux from the Mississippi 
River increased from 0.01 Pg c/a to 0.015 

g c/a (46% increase) during the past 50 
ars.  This change was attributed mostly 
 land-use changes rather than climate 
ange. 
 

ONCLUSIONS AND PERSPECTIVE 
e have shown an important potential 

CO2 sink by joint action of carbonate 
ssolution, GWC and the photosynthetic 
take of DIC by aquatic. The sink 
nstitutes up to 0.82 Pg C/a: 0.47 Pg C/a 
es to seago  via continental rivers and 

precipitation over sea, 0.12 Pg C/a is 
turned to the atmosphere, and 0.23 Pg 
a is sC/ tored in the continental aquatic 

ecosystem. The net sink, then, could be 
70 Pg C/a, or ~9% of the total 
thropogenic CO2 emission 

the missing CO2 sink (Melnikov & O'Neill 
06). 
This sink, a negative climate feedback 
echanism, may incream se with the global-

warming-intensified GWC, the increase in 
O2 and carbonate dust in atmosphere, 
forestation/afforestation, and fertilization 

of the aquatic ecosystems. Using the 
obal warming projection for the year 

2
sink by the GWC will increase by ~22%, or 

.18 Pg c/a.  
Important, poorly-constrained variables 
 this carbon balance include temporal 

and spatial variations in precipitation and 
RO DIC, carbonate dust, and pedogenic 

rbonate and soil CO2. In addition, ocean 
d lake response to river carbon input is 
t well known. Although marine

 1027 



Proceedings of the 24th IAGS, Fredericton, 2009 

 1028 

carbon is trapped in lakes, estuaries and 
coastal zones, and how much is returned 
to the atmosphere through respiration 
(Zondervan 2

This pap
CO2 sink by carbonate dissolution, GWC 
and photosynthetic uptake of D
aquatic 

rection in balancing the global C bu

5. The 

f soil carbon dioxide. Earth 
es and Landforms, 8, 79-88. 

elberg. 
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Groundwater CO2: is it resp
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(e-mail: 
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BSTRACT: Carbon dioxide in groundwater is typically 10-100 times higher concentration than the 
atmosphere. In a shallow, thin limestone aquifer in the central USA, dissolved CO2 varies seasonally, 
lagging the atmosphere’s CO2 cycle by about 6 months. Besides the annual cycle, dissolved CO2 has 
increased at this tallgrass prairie research site during the monitoring period of the past 20 years. 
Although the precise mechanism is unknown, the similarities in the annual trends of atmospheric CO2
and groundwater CO2 at this site suggest there is a tight link between the two O2 reservoirs.  These
similarities include the peak width at CO2 minima, peak 
overall increase. Groundwater CO2 at this site has been
than the increase in atmospheric CO2, suggesting that g
for CO2. The most probable source for the shallow grou
respiration must be responding to climate change or atm
in atmospheric and groundwater CO2. 

nge, sequ

he global C budget is acknowledged to 
 Earth’s climate 

C flux to 
roundwater would increase to 0.12 Pg C 

or increased C flux to 

 of 
prairie; 99% of the 

. 
A

 
 C

width at CO2 maxima, and the 20-year trend of 
 increasing at a rate that is ~100 times greater 
roundwater may be a significant and active sink 
ndwater CO2 at this site is soil respiration; soil 
ospheric CO2, thus creating the similar trends 

 
KEYWORDS: CO2, groundwater, climate cha
 
INTRODUCTION 

estration, soil respiration 

Liu et al. (2008) for the current global flux 
of 0.13 Pg C yr-1 to the continental aquatic 
ecosystem. In effect, based on the above 
estimates, the flux of C to groundwater 
could account for ~2% to ~12% of the 
missing carbon sink in the global carbon 
budget. 

The recent finding (Macpherson et al. 
20

T
have a large impact on
(IPCC 2007), and yet, as we currently 
understand it, there is a large mismatch 
between C sources and sinks, with at 
least 1 Pg C yr-1 having no apparent sink. 
Until recently (e.g., Cole et al. 2007; Liu et 
al. 2008), the involvement of the terrestrial 
water cycle in the global C budget had 
been largely ignored.   

Estimates of CO2 sequestration in 
groundwater, both from incorporation of 
soil CO2 and transformation to dissolved 
inorganic carbon (DIC), vary over an order 
of magnitude. Kessler and Harvey (2001) 
estimate the global flux of C to 
groundwater to be 0.02 Pg C yr-1. This 
estimate is based on only 44 CO2 
measurements that are biased to western 
North America. Andrews and Schlesinger 
(2001), based on data from the Duke 
Forest Free Air CO2 Enrichment (FACE) 
experiments, estimate that under ~1.5X 
present CO2, the global 
g
yr-1. The estimate f
groundwater by Andrews and Schlesinger 
(2001) is nearly equal to the estimate of 

08) that groundwater CO2 is increasing  
~100 times faster than atmospheric CO2 
draws attention to our limited 
understanding of the link between the 
atmosphere and shallow groundwater in 
terms of gas transfer and storage. This 
abstract investigates this link and presents 
evidence for a tight coupling between 
atmospheric and groundwater CO2. 
 
SETTING 
The study area is the bottom fourth of a 
1.2 km2 upland watershed within the 35 
km2 Konza Prairie (fig. 1). The Konza 
Prairie is located within the Flint Hills 
physiographic province, which is an 

nplowed, ~50,000 km2 remnantu
original tallgrass 
original prairie has been plowed. The 
study area climate is temperate mid-
continental. Annual meteoric precipitation 
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is 835±190 mm and 75% of precipitation 
falls during the growing season (Knapp et 
al. 1998). 

Bedrock at the Konza Prairie is 
Permian-aged, alternating, thin (1-3 m) 
limestones and thicker (2-12 m) shales. 
Soils are mostly less than 1 m thick, and 
form on bedrock, Pleistocene-aged loess, 
and alluvium and colluvium.   
 

 
 
Fig. 1. Study area is the Konza Prairie Long-
Term Ecological Research Site and Biological 
Station, a native tallgrass prairie.   
 
HYDROGEOCHEMISTRY 
The essentially unconfined limestone 
aquifers at the Konza Prairie respond 
rapidly to precipitation and supply base 
flow to, and are recharged by, the stream 
draining the watershed (Macpherson 
1996). One aquifer, the subject of this 
paper, has been sampled almost every 4-
6 weeks since 1991. The ~5 cm diameter 
PVC well used in this abstract is ~12 m 
deep and is screened only in the 
limestone. Other wells at the site have 
similar chemistry to the well used here. 
(Details about sampling and analysis 
protocols can be found in Macpherson et 
al., 2008.) Increasing alkalinity (fig. 2), 
alkaline earth cations, and groundwater 
CO2 suggest increasing weathering of 
carbonate minerals (Macpherson et al. 
2008), a significant portion of which may 
be allochthonous carbonate dust that has 
more radiogenic Sr than the bedrock 
(Wood & Macpherson 2005).  
 
CARBON DIOXIDE 
The annual cycle of higher and lower 

250

300

350

400

10/1/
90

9/30/
92

10/1/
94

9/30/
96

10/1/
98

9/30/
00

10/1/
02

9/30/
04

10/1/
06

A
lk

al
in

ity
, p

pm
 H

C
O

3Š

 
 

Fig. 2. Increase in titration alkalinity of 
groundwater from a thin limestone aquifer iin 
the central USA over the study period is 
accompanied by increasing groundwater CO2 
and decreasing pH (not shown). 
 
groundwater CO2 (Macpherson et al., 
2008) mimics the Niwot Ridge, Colorado, 
atmospheric CO2 annual cycle (Tans & 
Conway 2005), the atmosphere 
monitoring station closest to the study 
area. The groundwater cycle lags the 
atmosphere cycle by ~six months (fig. 3).  
Groundwater CO2 is ~10 to 100 times 
higher concentration than atmosphere 
CO2, so a direct transfer of CO2 from the 
atmosphere to groundwate

450

 

r is unlikely.   
The patterns in the atmosphere CO2 

n of CO2 maxima 

as a short period 
f minimum CO2 (e.g., March, 2000, on 

ities in curve shape also 

 
D

cycle, with longer duratio
and shorter duration of CO2 minima, are 
repeated in the groundwater CO2 cycle 
(fig. 3). In addition, when the atmosphere 
cycle has a longer CO2 minimum (e.g., 
August-September, 1998, on fig. 3) then 
the groundwater cycle has a longer CO2 
minimum (e.g., February-April, 1999, on 
fig. 3). Similarly, when the atmosphere 
has a short period of minimum CO2, (e.g., 
August, 1999, on fig. 3), the lagged 
groundwater signal also h
o
fig. 3). Similar
occur at times of CO2 maxima. 

ISCUSSION 
The higher partial pressures of CO2 in 

the groundwater preclude simple transport  
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C sotope 
data (unpublished) suggest that 
respiration-derived CO2 dissolving marine 
limestone is one reasonable explanation 
for the source of CO2.  Although 
aboveground net primary productivity 
(ANPP) does not show a trend over the 
time period of this study (Macpherson et 
al. 2008), ANPP has a large standard 
deviation, in that it responds primarily to 
moisture.  Meteoric precipitation in this 
region is highly variable (annual variability 
~20-25%; monthly variability > 100%; 
Macpherson, 1996), and so ANPP 
correlates strongly with annual 
precipitation.  The ANPP data set is not 
long enough to show a long-term trend on 
top the annual variability. 

Belowground biomass is greater than 
aboveground biomass in grasslands, and 
yet the BNPP is difficult to quantify, so it is 
unknown whether belowground biomass 
has changed at the site.  In addition, if 
microbial activity is stimulated by higher 
ambient CO2, as it is in experiments 
(Williams et al. 2000), and if microbes 
breakdown recent organic matter more 
rapidly than old organic matter (Cardon et 
al. 2001), then ANPP or BNPP might not 
change even as total primary productivity 
and respiration increase.  This scenario 
increases respiration-derived CO2 that 

w
 
C
G
LT
m ological 

ye
ea

has be  abo  

at
sa
C
an

ith longer periods of high CO2 than low 
CO2 in any year, as well as similar 
durations of low-CO2 periods, the length of 
which change from year to year.  A direct 
transfer of CO2 from the atmosphere to 
groundwater is unreasonable, because 
groundwater CO2 concentrations are 
always 10 to 100 times higher than 
atmospheric concentrations.   An increase 
in soil respiration, with or without 
increases in ANPP or BNPP, is proposed 
as a more reasonable explanation for the 
increasing groundwater CO2.  The 
increase in groundwater CO2 strongly 
suggests that shallow groundwater is a 
significant sink for CO2.    
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e of remote sensing data for the identification of rock 

ebec, Canada.  Remote sensing advancement has 
k units over a  lot less time than 

 field work. The study area is mainly composed of peridotite, gabbro, metabasalt, 
uthor. nced Thematic Mapper 

 and 7)  perform various remote 
l Com

owed good agree map. 
 

t Enha
ation

ng, and 
e correlation of processed images with 

 emerging as an 

ABSTRACT: A study was performed to validate us
units at Cape Smith fold belt region, New Qu
facilitated to characterise the properties of roc
raditional

large area with a
t
metasediments etc and mapped previously by the second a
(ETM+) imagery (30 m spatial resolution; bands 1 to 5
sensing techniques such as Band Ratio, Principa
The Remote Sensing image results sh

 Landsat Enha
was used to

ponent Analysis, and Supervised Classification. 
ment with the available geological 

KEYWORDS: Remote Sensing Geology, Landsa
Principal Component Analysis, Supervised Classific
 
INTRODUCTION 
Remote sensing technology is now 
becoming an increasingly important 
means for resource exploration. Use of 
satellite imagery, image processi

nced Thematic Mapper, Band Ratio, 
 

th
geological map have been
effective tool for creating and refining 
geological map with further structural and 
lithologic information. (Krishnamurthy 
1997; Sabins 1999; Gad et al. 2005; Khan 
et al. 2006). 

A study was performed to identify rock 
units in the Cape Smith fold belt, New 
Quebec orogen, using remote sensing 
techniques. This region was studied and 
mapped (Mungall 2007). Enhanced 
Thematic Mapper (ETM+) image, having 
30 m spatial resolution with 8 bit data 

rmat, (acquired during the year 2000, 
/17 at UTM N 61.48/ W 

he Landsat data 
w

on 

fo
Path/Row-20
074.42) was used in this study. The 
orthorectified satellite imagery of 
concerned area was supplied by 
Canadian Royalties Inc. T

as processed by several different image 
enhancement techniques, such as Band 
Ratio analysis and Principal Component 
Analysis. Supervised Classification was 
also applied for the same purpose 

resultant RGB image (5,4,2) obtained  
from PCA analysis (Krishnamurthy 1997; 
Sabins 1999; Gad et al. 2005; Lillesand et 
al. 2007)  
 
GEOLOGICAL SETTING 
The geology description of Cape Smith 
fold belt is separated into two domains, 
namely the northern allochthonous and 
southern parautochthonous (see Mungall 
2007). These domains were highly 
affected by the Trans-Hudson orogeny 
(~1830-1840 Ma). The southern part of 
the domain contains Povungnituk and 
C

S

help of both Band ratio and Principal 

 

hukotat groups. The geological map and 
stratigraphy of the area is presented in 
Figure 1. 

The Dumas Formation is 
uncomformably overlying the Archean 

uperior Province. It hosts metasediments 
and intercalated iron formations, as well 
as peridotite and gabbro bodies, which 
were identified and separated with the 

Component Analysis.  
The Beauparlant Formation is produced 

during major volcanic activity that 
occurred between 2038 and 1991 Ma. It 
consists of upper, middle, and lower 
members composed of sheet and pillowed 

 1033 

http://speclab.cr.usgs.gov/spectral.lib06/ds231/datatable.html
http://speclab.cr.usgs.gov/spectral.lib06/ds231/datatable.html


Proceedings of the 24th IAGS, Fredericton, 2009 

 

 
Fig. 1.  Geological Map of the Cap smith fold 
belt and Expo Intrusive Suite (see Mungall 
2007). 
 
basalts with metasedimentary 

e

intercalations. Magnetic highs occur in the 
middle member of the formation.  

The Expo Intrusive Suite is for the most 
part composed of mafic and ultramafic 
intrusions, shaped as tabular-shaped 
discordant bodies, so are referred as 
dykes. The Expo suite is economically 
important due to the presence of sulfide 
mineralization in the internal part of the 

trusion. It is composed of gabbro norit , 

The flow diagram (Fig. 2) outlines the 
methods used for the review and 
separation of the rocks present in the 
area. Image enhancement is done to 
increase the variance in the dataset. 
Contrast manipulation, spatial feature 
manipulation, and multi-image 
manipulation are d as digital 
enhancement techniqu Lillesand et al. 

). In this study multi-image 
anipulation is used, which includes Band 
atio and Principal Component Analysis. 

and Ratio 
he Band ratio approach for the lithology 
entification was taken previously by 
any authors (Sabins 1999; Gad et al. 
005; Khan et al. 2006). 
The Band Ratio enh ent technique 

an be used to remove the brightness 
ariation caused by topographic effects in 

rt)  

 
ig. 2.  Flow  showing the methods used 
r the identification of the ro

f ratio 
ages (Lillesand et al. 2007). In this 

in

ra

ral, the spectral band ratio 
ntify the 

bbro are not 

in
pyroxenite, peridotite, and dunite. 
 
M THODS & RESULTS E

use
es (

2007
m
R
 
B
T
id
m
2

ancem
c
v
a region. (Gad et al. 2005; NASA Remote 
sensing tutorial by Dr. Nicholas Sho

F  Chart
fo cks. 
 
Two objects with different spectral 
properties, i.e., variation in the slope of 
spectral reflectance curve of two bands, 
can be separable with the help o
im
study standard reflectance data of USGS 
Spectral Library and John Hopkins 
University spectral library (Available in 
ENVI) have been used. To enhance the 
dissimilarity between different rock types 

 the scene, plots with a higher 
reflectance were kept in the numerator 
and plots with low reflectance were kept in 
the denominator, while taking the band 

tios. Using this approach, a ratio of 5/3 
was taken for basalt, 7/3 for peridotite, 
and 4/2 for vegetation. 

Figure 3 displays a Band Ratio image 
(5/3, 7/3, 4/2), in which peridotite appears 
dark yellowish black colour. It is difficult to 
distinguish between gabbro and basalt, 
due to their similar reflectance properties.  

In gene
technique is helpful to ide
peridotite, but basalt and ga
uniformly separable over the entire region.  

 
Principal Component Analysis 
Principal Component Analysis (PCA) is a 
complex statistical approach for 
highlighting the variance in the image 
using multiplication of original data with 
eigenvectors. (NASA Remote Sensing

Band Ratio 

Landsat Dataset

Principal Component Analysis 

RGB False Colour Composite 

Lithological Identification 

Supervised 
Classificati

Image enhancement

Orthorectification  

Classification
5 km 

Scale 1:40,000 
UTM NAD 83 

 1034 



 

 Tutorial by Dr. Short S.; Lillesand et al. 
2007). ETM+ data of the study area (band 
1 to 5 &7) have been processed in ENVI 
4.4 to produce six new PCA bands. 
PCA analysis helps to identify the spectral 
differences of the rock. Every specific rock 
appears in a divergent colour in RGB 
composite image of PCA bands 
(Krishnamurthy 1997). False colour 
composite image of PCA bands 5, 4, and 
2 have been generated as RGB.  
Geological information of the previously 
mapped region (Mungall 2007) was 
compared with the corresponding area 
within 

1 km 
 

 
 

 

 
 
 

ga
ba
 

si rocks in the unmapped 

ac

an

of

(a e) is clearly 
etabasalt (appears 

or
F eridotite (appears dark 
magenta) of the Expo Intrusive Suite in 
Figure 5. 
 
Supervised Classification 
Supervised Classification was used for 
accurately categorizing lithology in the 
study area. PCA bands were used as a 
basis for identifying the presence of 
peridotite, gabbro, metabasalt and 
metasediments and defining the training 
areas for performing Supervised 
Classification (Lillesand et al. 2007). Area 

Gabbro 

 
 

 
 

the resultant PCA image (Fig. 4). 
niform correlation between the specific U

colour and rock type was observed  

s 
GB false colour composite. 

 
 
Fig. 3.  Band ratio image of 5/3, 7/3, 4/2 a
R

 

 
 
 
 
 
 
 
 
 

 
 
 
Fig. 4. Comparison of Geological Map and 
PCA image with Bands 5, 4, 2 as RGB 

 

 
 

Fig. 5.  Comparison of Geological Map and 
PCA image showing distinction between 

bbro, peridotite (Expo Intrusive Suite), meta-
salt (Upper Beauparlant Formation). 

throughout the previously mapped area. It 
validates the possibility of locating the 

milar 
neighbouring region with acceptable 

curacy. 
As displayed in Figure 4, basalt, gabbro, 
d peridotite has distinctly different 

spectral signature and shows texture 
variations between different rock types.  

A small subset (within Marked square) 
 Figure 4 is expanded in Figure 5. 

Gabbro unit of Expo Intrusive suite 
ppears light orang

differentiated from m
ange-black) of the Beauparlant 
ormation and p

5 km 

Peridotite 

Basalt 

Peridotite 

Gabbro 
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(pixels) with the preponderance of   
peridotite, gabbro, metabasalt and 
metasediments are displayed in red, 
green, blue
in the o
distance classifie

.4 for extracting the similar statistical 
data pertaining 
section of the re

presented in Figure 6, depi
sence of

places, mixing of classes ha
observed due 

abbro and basalt in

Royals Inc for providing Landsat images 
of the study area. To Dr. Derek Rogge; 
Research Associate University of Victoria 

mental 
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Fig. 6.  Supervised Classification image with 
peridotite, gabbro, metabasalt, metasediments, 
are shown as Red, Green, Blue, and Yellow. 
 
CONCLUSIONS 
Remote sensing techniques have been 
successfully applied for the identification 
of rocks in Cape Smith fold belt region.  
Principal Component Analysis is very 
effective for the separation of gabbro, 
metabasalt and peridotite. Band Ratio was 
helpful for the preliminary identification of 
peridotite. Supervised Classification 
approach is taken to verify the results 
obtained by Principal Component Analysis 
and Band Ratio. It is also useful to remap 
the unknown regions once the results are 
verified. 
 
ACKNOWLEDGEMENTS 
I am sincerely thankful to the Canadian  

MUNGALL J.E. 2007. Crustal Contamination of 
Picritic Magmas During Transport Through 
Dikes: the Expo Intrusive Suite, Cape Smith 
Fold Belt, New Quebec. Journal of 
Petrology, 48, 1021-1039. 

SABINS, F.F. 1999, Re
exploration. Ore Geolo
183. 

LILLESAND, T.M., KIEFER, R.W., & CHIPMAN, J. 
W. 2007. Remote sensing and Image 
Interpretation, 6th Edition, Chapter seven: 
Digital image interpretation and analysis, pp. 
482-623. 

Shelat, Y. 2008. Lithological separation using 
Remote Sensing applications. 
Undergraduate Research Project Report, 
University of Toronto, Toronto, ON. 

NASA Remote Sensing tutorial by Dr. Short N. 
http://rst.gsfc.nasa.gov/U 

USGS Spectral Library 
http://speclab.cr.usgs.gov/spectral.lib06/ds23
1/datatable.html  

 1036 



Proceedings of the 24th IAGS, Fredericton, 2009 

Selective geochemical extr
responses to geolog

 
Nyree Webster1, David 

Andreas Zissimos
 

1School of BEES, University of New So
(e-mail: 

actio
y and

Cohe
3, & E

uth Wales, Sydney, NSW 052, AUSTRALIA  
en@un

n patterns in Cyprus soils:  
 land use variations 

n*1, Neil Rutherford12,  
leni Morisseau3 

, 2
sw.edu.aud.coh ) 

2Rutherford Mineral Resource Consul
3Geological Survey Departme

 
ABSTRACT: The regolith of Cyprus has bee
occupation and resource exploita

tants, 
nt of C

n highl
xtracti

 in
tl

, atlas 

 
Cyprus is divided into four east-west 
trending geological terrains (GSD 2002) 
ranging from the mafic-ultramafic Troodos 
Ophiolite Complex and mixed lithologies 
of the Mamonia terrain to the calcarenite-
dominated Circum-Troodos Sedimentary 
Succession (CTSS) and the volcanic 
Kyrenia terrain in the north. The Troodos 
Ophiolite Complex contains a core of 
ultramafic rocks surrounded by a large 
sequence of sheeted dolerites, gabbro 
dykes and overlying pillow basalts which 
host a number of Cyprus-style Cu sulfide 
deposits. The geology is the result of a 
series of multifaceted and inter-related 
tectonic processes over the period of the 
Late Cretaceous – Pleistocene.  

The Mediterranean region has 
supported a population dependent upon 
agriculture for more than eight millennia 
(Butzer 2005). As a result of a long history 
of human occupation and resource 
exploitation the regolith in Cyprus exhibits 
significant disturbance. Cyprus has been 
subjected to increasing development over 
the last thirty years (Robertson & 
Xenophontos 1997). The lowlands areas  

the lower mountain 
slopes utilised for vineyards, orchards and 
grazing and the higher elevations are 

dominated by forests.  Soil and regolith 
profiles from the coast to Troodos vary 
with skeletal A horizons directly overlying 
the C horizon in some areas (Cohen & 
Rutherford 2007).  

 
SAMPLING AND EXPERIMENTAL 
Regolith samples were collected from 68 
sites along a transect extending from the 
CTSS in the SW of the island (near Πέτρα 
του Ρωμιού), across Troodos and into the 
CTSS and fanglomates on the NE side of 
Troodos (near Λευκωσία). ICP-MS trace 
elements concentrations were determined 
following two conventional (sequential) 
leaches on the <2mm fraction of the upper 
(0-25 cm) and lower (50-75 cm) parts of 
the profile: 1M ammonium acetate in pH 5  
acetic acid and 1M hydroxylamine.HCl in 
pH 1 HCl.  

Multivariate analytical methods were 
applied to investigate any relationships 
between soil characteristics, geology and 
land use. 
 
RESULTS 
The major geological boundari s 

(Fig. 1). The Troodos ultramafics are 
characterised by much higher AAC-

Coogee, NSW, 2034, AUSTRALIA 
yprus, Strovolos, CYPRUS 

y disturbed due to a long history of human 
on analysis of surface and subsurface regolith 
dicates soil characteristics to be dominated by 
e significant impact on element concentrations. 

tion. Selective e
samples from a NE trending transect across Cyprus
parent geology material with current land-use having lit
 
KEYWORDS: Soil, selective extractions, Cyprus
 
INTRODUCTION

are heavily terraced and dominated by 
agricultural activities, 

correspond with sharp changes in the 
selective extraction geochemical patterns 

e
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extractable Al than other lithologies which 
may be related to the high proportion of 
clays derived from the breakdown of 
plagioclase. AAC Ca is consistently 
between 12 and 16% in the CTSS unit SW 
of Troodos (Pakhna Fmn calcarenites) but 
less than 0.1% in the soils derived from 
the sheeted dykes.  Median extractable 
Cu is generally higher in the subsoil 
sample (50-75cm depth) than the surface 
sample, and higher in the AAC than the 
subsequent HXL extraction.  Extractable 
Cu is generally highest in the zone 
extending SW from Troodos across the 
sheeted dykes and pillow lavas compared 
with other lithologies (Fig. 2). 

Multivariate analysis emphasises the 
geochemical differences between 
geological terrains in Cyprus (e.g., 
Troodos versus CTSS).  Factor analysis of 

the (post-AAC) HXL extraction for the sub-
soil samples (Fig. 3)  indicates strong 
separation between samples grouped by 
parent geology, but a lack of clustering 
evident when viewed from the perspective 
of landuse except the clustering 
associated with forests as these areas are 
largely restricted to the mafic and 
ultramafic rocks of the central Troodos 
region.  
 
CONCLUSION 
Geology appears to be the main 
determinant of trace-element contents and 
mineralogical form – as defined using 
selective extractions. There is no 
indication that landuse per se has had a 
significant general effect on soil trace 
element geochemistry. 
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Fig 2.   Boxplot comparison of various groupings of AAC and HXL Cu values.
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Fig 3.   Factor 1 and 2 scores for (post-AAC) HXL-extraction data from the sub-soil samples. 
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rbonate rocks in the Mesozoic Kyongsang Basin of 
reted as limestone of Paleozoic age, is reconsidered. A 

agnetite deposit and spatially-associated ultramafic 
and granitic rocks of the Mesozoic age. The simple 

res indicate that the carbonate rocks are an intrusive 
 Mesozoic rocks. The Ulsan carbonates have low 
he carbon and oxygen isotope values in the range of 

 The outcrop evidence and geochemical signatures 
rom crustally-derived carbonate melts, which were

ge onate materials owing to the emplacement-related
ared to t
ystem
ct ca  weakly 

g Basi etite deposit, melting/fluxing of 
ks 

 

a debate regarding crustal- and 

 
ABSTRACT: The petrogenesis of the Ulsan ca
South Korea, which have been previously interp
small volume of carbonate rocks containing a m
rocks is surrounded by sedimentary, volcanic 
crosscutting relationships and other outcrop featu
phase and younger than the other surrounding
concentrations of REEs and trace elements with t
δ13CPDB=2.4 to 4.0‰ and δ18OSMOW=17.0 to 19.5‰.
indicate that the Ulsan carbonates were formed f

nerated by the melting/fluxing of crustal carb
processes of alkaline A-type granitic rocks. Comp
with silica-undersaturated, strongly peralkaline s
characteristics of the Ulsan carbonates may refle
alkali intrusive system. 

 
KEYWORDS: Ulsan carbonate rocks, Kyongsan
crustal carbonate melt, Alkaline A-type granitic roc
 
INTRODUCTION 
The Ulsan carbonates (Fig. 1) have long 
been interpreted as limestone of 
Paleozoic age or "age unknown" and as 
the host of a skarn-type iron (magnetite) 
deposit due to the intrusion of Cretaceous 
granitic rocks (Park & Park 1980; Choi et 
al. 1999). However, a Paleozoic marine 
limestone hypothesis fails to explain the 
spatial association or the relationship 
between carbonate and ultramafic rocks in 
a concentric, ellipsoidal shape surrounded 
by Cretaceous sedimentary, volcanic, and 
granitic rocks. The sedimentary 
hypothesis also fails to explain the 
isolated exposure of a funnel-shaped 
Paleozoic marine limestone where no 
marine limestone has been previously 
observed within the Mesozoic Kyongsang 
Basin. 

Carbonatites have been defined as rare-
metal-bearing rocks composed mainly of 
carbonate of mantle origin, formed in 
close association with alkaline rocks 
(Woolley & Kempe 1989). However, there

 
 

ypical mantle-derived carbonatites associated 
s, the relatively small size and geochemical 
rbonatite genesis in a silica-saturated,

n, magn

remains 
mantle-derived carbonate magma or 
between magmatic differentiation and 
primary mantle melt. Lentz (1999) 
postulated a genetic relationship and a 
possible geochemical continuum between 
magmatic-hydrothermal skarn systems 
and some carbonatite systems suggesting 
a limestone melting/fluxing hypothesis.  

Re-evaluating the origin of the Ulsan 
carbonates can be very important in 
understanding the geology and 
petrogenesis in the Mesozoic Kyongsang 
Basin, South Korea. This present work is 
summarized and reviewed from the Yang 
et al. (2003). 
 
GEOLOGICAL SETTING 
The geology of the study area consists of 
Cretaceous sedimentary, volcanic, 
granitic, ultramafic (serpentinite), and 
carbonate rocks containing a magnetite-
rich pipe and basic dykes (Fig. 1). The 
sedimentary rocks are intruded by felsic 
volcanic, granitic and ultramafic rocks, 
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whereas volcanic rocks occur between 
granitic and sedimentary rocks. Granites 
are, classified as I-type, intruded by 
ultramafic rocks showing sharp contacts. 
Albitite composed of albite and nepheline 
observed at the contact between granitic 

fic rocks (Choi 1983). 

w

The very contact between 
arbonate rocks and sedimentary, granite, 

 at 
, but was found in core 

rock and the ultrama
In addition, one exceptional A-type alkali 
granite is exposed 4-5 km northwest from 
the carbonate rocks; it defined as a 
hypersolvus alkali feldspar granite 
containing F-enriched sodic amphibole, 
riebeckite-arfvedsonite, fluorite, and ferri-
annite (Koh et al. 1996). The ultramafic 
rocks consist of partly serpentinized dunite 
and harzburgite containing amphiboles, 
chromite, magnetite, and chlorite with 
numerous crosscutting small faults and 
calcite and dolomite veins. 

The Ulsan carbonates hosting the 
magnetite pipe are surrounded by the 
ultramafic and volcanic rocks (Fig. 1). 
Various sized xenoliths of hornfels 
fragments (volcanic rocks) and ultramafic 
rocks are often enclosed by the 
carbonates. The carbonates are massive 
without any evidence of bedding. They 
consist of two types of calcites: One is 
well-crystallized, fine- to medium-grained 
calcite, whereas the other is large, pure, 

hite calcite crystals (up to 4-5 cm in 
diameter), which is associated with basic 
dykes, massive main magnetite ores and 
metasomatic minerals, implying that they 
have recrystallized due to the intrusion of 
dykes. 
c
and serpentinite could not be observed
the surface
samples described below. Metasomatic 
minerals are found along the contacts 
between the carbonates and volcanic 
rocks, as well as sedimentary rocks. They 
include garnet, clinopyroxene, 
amphiboles, apatite, chlorite, and epidote. 
The ore pipe is nearly vertical and extends 
more than 300 m below the surface. The 
ore minerals are mainly magnetite with 
small amounts of scheelite and 
arsenopyrite. Most of the magnetite ore is 
associated with pyroxene and garnets. 
Annual production was 100,000 tonnes of 
magnetite concentrates (60% of Fe) and  

 
 

Fig. 1. Geologic map of the Ulsan mining area, 
South Korea (after Park & Park 1980). 
 
1,200 tonnes of scheelite (74% of WO3) in 
1984. 
 
UNDERGROUND GEOLOGY FROM DRILL 
CORES  
Data from seventy-six exploration drilling 
core samples collected by Korea Mining 
Promotion Corporation during 1972-1990 
were analyzed in order to understand 
underground geology in the Ulsan mining 
area, especially focusing on the relation 
between the carbonates and the 
surrounding rocks. The depths of the drill 
holes reached up to 650 m. Based on the 
analyses of drill core data, field 
observations, and previous studies (Park 
& Park 1980; Choi 1983), a schematic 
cross-sectional view is constructed. This 
section clearly shows the ore pipe and 
carbonate rocks in a funnel-shape 
surrounded by serpentinite. Most of the 
magnetite mineralization is observed 
within the carbonate rocks with only small 
or trace amounts of magnetite within the 
serpentinites and hornfels. The 
carbonates and magnetite pipe are found 
at the bottom of cores drilled 650 and 300 
m deep (Choi 1988), respectively, 
suggesting they continue farther at depth. 
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The shape and structure of the carbonates 
and surrounding rock types suggest the 
carbonates are an intrusive structure 
rather than representing a sedimentary 
sequence. 

 
STABLE ISOTOPES 
The carbon and oxygen isotope 
compositions of the calcites show a 
bimodal distribution: Group I (fine- to 
medium

1
-grained calcites) is in the range of 

δ

up I are 
lightly lower, while both δ C and δ18O of 

far from those usually 

199
 
RA

(RE
for 
sig E 

typ
con
from lo
than any ig  lower 
than those of some sedimentary rocks. 
REE and trace-element abundances may 
have changed sufficiently due to 
alteration, thus, affecting petrogenetic 

roc
T

car

of t
wit
and
199

 comp
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The
of 
Pa
nor
to t
the
uplifted by the intru

nea
the
has re 

onl
act

tran
Pa
ass  region is 

R

and
intr
pro
iso tions that vary within a 

ma
car

ot
arbonatite magmatism with time has 

been explained in two different ways: One 
is due to recycling of more and more 
crustal carbon (as carbonates) into the 
mantle since Early Proterozoic (Ray et al. 

3CPDB=2.4 to 4.0‰ and δ18OSMOW= 17.0 
to 19.5‰, whereas Group II (coarse-
grained calcites) is δ13CPDB= -10.3 to -
11.1‰ and δ18OSMOW= 9.8 to 11.2‰. 
Group II values are thought to be modified 
from Group I. This interpretation is based 
on their large crystal size and spatial 
association with dykes. The large calcite 
crystals possibly resulted from the local 
recrystallization of fine- to moderately 
coarse-grained calcite owing to the 
intrusion of basic dykes. The possible 
depletion of δ13C and δ18O in Group II can 
be produced by decarbonation or (and) 
contribution of 13C-depleted carbon from 
graphite or organic matter in sedimentary 
wall rocks. Alternatively, the incorporation 
of significant amounts of CH4 can be 
caused by the intrusion of basic dykes.  

Compared to typical values from marine 
limestone, the δ18O values of Gro

13s
Group I are 
associated with carbonatite (Bowman 

8).  

RE-EARTH ELEMENTS AND TRACE 
ELEMENTS 
Trace elements and rare-earth elements 

Es) of the same calcite samples used 
the stable isotope analysis have 

nificantly lower concentration of RE
as well as most trace elements relative to 

ical carbonatites. The total REE 
tents of the Ulsan carbonates range 
 3 to 17 ppm, which are much wer 

neous rocks and even

interpretations for the Ulsan carbonate 
ks. 
he REE data suggest that these 
bonate rocks cannot be carbonatites of 
ntle . Homa origin wever, it is noteworthy 

that the range of compositional variations 
ypical carbonatite family rocks overlaps 
h those of sedimentary, metamorphic, 
 endogenic carbonate rocks (Samoilov 
1). Samoilov (1991) explained that one 
son for the significantrea ositional 

variations of the carbonatites were due to 
erent types of the associated alkaline 
ks under different geologic–tectonic 
tings. 

DISCUSSION AND CONCLUSION 
 Kyongsang basin is composed mainly 

Cretaceous-early Tertiary rocks. 
leozoic limestone is reported only in the 
thern part of the Korean Peninsula up 
he present time. Thus, it suggests that 
 Ulsan carbonates may have been 

sion of granite or 
transported via a strike-slip fault from the 

rest outcrop of limestone 120 km to 
 south. However, the Kyongsang basin 
 not experienced any seve

deformation since the Mesozoic, rather 
y sedimentation, uplift, and igneous 
ivity. Moreover, many outcrop 

observations and cross-cutting relations 
are inconsistent with the previous ideas. A 

sportation of a funnel-shaped part of 
leozoic limestone without any of the 
ociated rocks found in the

geotectonically problematic. 
ecent studies regarding carbonatite 
esis sgen uggest volatile fluxing and 

limestone/marble syntectic relationships 
 crustal carbonate melt generated by 

usion-related pneumatolytic skarn 
cesses may result in geochemical or 
topic composi

spectrum of sedimentary crustal to 
ntle-like igneous sources for 
bonatites (Lentz 1998). It is worth 
ing that an increasing trend of n

c
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2000), while the other is due to the 
increased availabilities of intrusion-related 
syntectic processes with time (Lentz 
19
in
materials with
occurrence of carbonatites from oceanic 
settings was int
carbonate
least some ca
2002). 

i

ecisive criteria for 

heory (Lentz 1999) is 

ort Course 26. 
HOI, S. 1983. Skarn evolution and iron-

mineralization and the associated 

CHOI, S.Y. 1988. A study of the origin of 
serpentinite in Ulsan mine area. 
Unpublished PhD. Dissertation, Pusan 
National University, 87 p (in Korean with 

, 
 2002. 

 carbonatites 
ental carbonatites: 

 crustal 
 Mineralogy and 

gy, 142, 520-542.  
KOH, J.S., YUN, S.H. & LEE, S.W. 1996. 

Mineralogical Association of Canada Short 
Course 26. 

esis: A 
rusion-

Korean with English abstract). 
R

 Island Arc, 12, 428-439.  
 

99); either assumption reveals more 
corporation of crustal carbonate 

 time. In addition, the rare 

English abstract). 
HOERNLE, K., TILTON, G., LE BAS, M.J., DUGGEN

S., & GARBE-SCHONBERG D.

erpreted that crustal 
Geochemistry of oceanic
compared with contin

 may serve as the source for at mantle recycling of oceanic
rbonatites (Hoernle et al. carbonate. Contributions to

In conclus on, this study suggests that 
the Ulsan carbonate rocks are an intrusive 
phase probably formed by crustal 
carbonate melt that was generated by the 
emplacement-related processes of an A-
type granitic magma. If an entire spectrum 
of geochemistry and mineralization can be 
generated in between two end members, 
crustal and mantle carbonatite, according 
to a limestone melting/fluxing theory 
(Lentz 1999), outcrop evidences obtained 
from the spatial and simple cross-cutting 
elations can be d

Petrology and geochemical characterisitcs 
of A-type granite with particular reference 
to the Namsan granite, Gyeongju. Journal 
of Petrolology of Society of Korea, 2, 142-
60 (in Korean with English abstract).  

LENTZ, D.R. 1998. Late-tectonic U-Th-Mo-REE 
skarn and carbonatitic vein-dyke systems 
in the southwestern Grenville Province: a 
Pegmatite-Related Pneumatolytic Model 
linked to Marble Melting (limestone 
syntexis). In: LENTZ D.R. (ed) Mineralized 
intrusion-related skarn systems, 519-657, 

r
establishing the origin of carbonate rocks 

f the Ulsan mining area. If the limestone 
LENTZ, D.R. 1999. Carbonatite gen

reexamination of the role of into
melting/fluxing t
correct, the relative proportion of 
carbonate melt generated in the study 
area is less, reflecting minor carbonatite 
genesis in association with the silica-
saturated, weakly alkalic system.  
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Alteration-Mineralization Pattern and Geochemical Characteristics of 
Samli (Balikesir) Fe-Oxide-Cu-(Au) Deposit, Turkey 

 
Erkan Yılmazer1*, Nilgün Gulec1, & İlkay Kuscu2 

1Middle East Technical University, Department of Geological Engineering, Ankara  TURKEY 
2 University of Mugla, Department of Geological Engineering, Muğla  TURKEY 

(e-mail: erkanyil@metu.edu.tr) 

ABSTRACT: Şamlı Fe-oxide deposit is one of the major iron-oxide producing mines in western 
Anatolia (Turkey) (with calculated reserve of 96 000 tonnes @ of 50 to 53% Fe, and >1% of copper 
(locally as high as 6.78% and 7.74% Cu). Gold and Ag range from 5 to 8 ppm, and 23.8 to 66.9 ppm, 
respectively. The Şamlı deposit is a typical magmatic-hydrothermal system related to emplacement, 
crystallization and cooling of Tertiary Şamlı pluton. The alteration and mineralization in Şamli Fe-oxide 
deposit are formed in 3 major successive stages; pre-, syn-, and post-ore stages. Geochemical (+ 
isotopic) results for altered and fresh rock samples show that the mineralization in the region is 
accomplished by hydrothermal fluid(s) derived from a magmatic source during the emplacement of the 
Samli pluton. The Şamlı pluton was derived from a mantle source, which was either previously enriched 
by small degree partial melts, and/or metasomatized by an ancient subduction. The field characteristics, 
mineralizing events and alterations, the oxide and sulfide mineralogy, morphology and distribution of the 
iron-oxide deposits at Şamlı (Balikesir) deposits suggest that it shows characteristics similar to Fe-
oxide-Cu-Au deposits.  
 
Keywords: IRON OXIDE-CU-AU DEPOSITS, NA-CA ALTERATION, ŞAMLI PLUTON, ŞAMLI, BALIKESIR  
 
INTRODUCTION 

on-oxide producing mines in western 
Anatolia.  This deposit has long known as 
a skarn-type Fe-oxide deposit. However, 
our recent research has revealed that the 
alteration hosting the iron-oxide 
mineralization also contains some unusual 
assemblages, and the sulfide mineralogy 
with abundant gold content, should not be 
related to skarn systems.  
 
GEOLOGY 
The Şamlı deposit is located within the 
Sakarya Zone of Turkey, which is made 
up of arc-trench sequence of Permo-
Triassic age, known as Karakaya 
Formation or Karakaya complex (Okay et 
al. 1990) (Figure 1).This complex was 
formed during the closing of Paleo-Tethys 
and unconformably overlying Jurassic-
Cretaceous sediments (Akyüz & Okay 
1998). The Karakaya Complex consists of 
a volcanic-volcaniclastic sequence 

that alternate with carbonates, turbiditic 
s, and olistoliths of Permian 

arboniferrous ages cut accross by 
the Şamlı pluton (Leo & Genç 1986; Okay 
et al. 1990). 

In the deposit site, Karakaya Complex is 
characterized by metapelitic rocks, 
metadiabase, and recrystallized 
limestone. The metadiabase and 
recrystallised limestone occur either as 
blocks within the Karakaya Complex, or as 
roof-pendants within the Şamlı pluton. The 
Şamlı pluton is a large, intermediate to 
mafic intrusive body emplaced into the 
rocks of Karakaya Complex. The reported 
K/Ar geochronology on biotite range from 
23.5±1.5 Ma to 18.4±2.2 Ma (Watanabe et 
al. 2003; Karacık et al. 2008). Aplite, 
quartz, and rare pegmatite dykes and 
veins cut both the main granitoid body and 
the country rocks. 

 
ALTERATION & MINERALIZATION 
The alteration and mineralization in the 
Şamlı deposit is result of a series of 3 

s (Fig. 2); The pre-ore  

The Samlı Fe-oxide deposit (Balıkesir, 
estern Anatolia-Turkey) is one of the 

graywacke
and CW

ir

consisting of mafic pyroclastics and tuffs overlapping stage
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Fig 1.  Location & Geological map of Samli-ironoxide deposit. 
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Fig. 2.  Alteration-mineralization pattern of Samli Fe deposit, Turkey. 
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a)
b)
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of Samli city
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open pit area

Porphyritic andesite

d)

e)

c)

f )  
FM plot of Irvine and Baragar (1971), (c) 
f Winch

Fig. 3.  Total alkalis versus silica (TAS) an
modified Zr/TiO2-Nb/Y plot (Pearce, 19
Rock/chondrite-normalized REE diagram for
normalized spidergrams, (f) Th/Yb vsTa/Yb d
 
stage refers to Na-Ca alteration including 
albite (+ scapolite + pyroxene) and garnet-
pyroxene (± epidote) alteration 
assemblage. Syn-ore stage consisting 

ainly o

d (b) A
96) ester and Floyd (1977), (d) 
 rocks ) rock/MORB-
iagram

f K-Fe-(Ca) alteration includes 
, epidote, 

h n agnetite-
copyrite, being the most 

ommon sulfide, is usually observed as 
icro-veinlets, together with pyrite in 

o
 of Şamlı-Ilıca pluton and (e
.  

m
magnetite, hydrothermal biotite
and actinolite. T e mai  m
hematite m era zation iin li s hosted by the 
syn-ore assemblage. This stage is traced 
along the pluton-metadiabase/metapelite 
and pluton- recrystallized limestone 

contacts and hosted by garnet - pyroxene 
(± epidote) zone with superimposed albitic 
alteration. The post-ore stage overprints 
the Na-Ca and K-Fe assemblages, and 
consists of chalcopyrite (+epidote 
+actinolite) hematite-limonite, and Cu-rich 
(malachite, azurite and native copper) 
ones. Chalz

c
m
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GEOCHEMISTRY 
The Şamlı pluton is subalkaline and calc-
alkaline, and mainly diorite porphyry, 
granodiorite, quartz monzonite, and 
granite-porphyry in composition (Fig. 3). 
The metadiabase is alkali basalt in 
composition,  
based on the major- and trace-element 
contents. The REE and multielement 
patterns with significant depletion of Nb 
and Ta and enrichment of Th and Ba is 
suggestive of mantle metasomatism or 
crustal contamination. Likewise, Th/Yb vs 
Ta/Yb ratios suggests a mantle source, 
which was either previously enriched by 
small degree partial melts (displacement 
along the mantle array), and/or 
metasomatized by an ancient subduction 
(Fig. 3). 
 
87SR/86SR, 143ND/144ND, & 34S 
GEOCHEMISTRY  
Results of 87Sr/86Sr and 143Nd/144Nd, and 
34S isotope analyses (for both altered and 
fresh rock samples) range between 

0.512361-0.512793 for 143Nd/144Nd, 
0.706056 – 0.708167 for 87Sr/86Sr and 0.4-
2.6‰ for 34S respectively (Figure 4). 

All samples belonging to Samli pluton 
have a similar 87Sr/86Sr isotope ratio 
(except for metadiabase characterized by 
low Sr isotope ratio), suggesting the effect 
of fractional crystallization process in the 
genesis of the rocks, although the the 
possibility of crustal contamination can not 
be entirely ruled out. Sr-Nd isotope ratios 
of almost all altered samples show 
similarity to that of the Şamlı pluton, 
implying a magmatic source for 
hydrothermal fluid(s), as is suggested by 
S-isotope compositions of sulfide 
samples. 
 
CONCLUSIONS 
The Na-Ca and K-Fe-(Ca) alteration 
assemblage hosting iron-oxide, copper 
and gold mineralization and spatial and 
temporal relationship between 
mineralization and alteration, as well as 
the oxide and sulfide mineralogy at Şamlı 
(Balikesir) suggest that it has 
characteristics more akin to Fe-oxide-Cu-
Au systems. 
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ABSTRACT: This study is part of the detailed Soil G m A of C s t lv
analysis of 5,520 sites.  The general aim of the project is t ablish cont
eochemical parameters for application in a range of en nm tal a u s. A meth  

(TC), so a ar SO nd s (T
 0.003% TS. 

oils, their 
ag

 determination of the 
po

bon is also present in soil biota, micro-
organisms and debris of plants, as soil or 

C or TOC) 

importance of soil C and S in 
environmental monitoring and modeling, 
there are no commonly-agreed sta rds 

nz et al. 2006; Schumacher 

Cyprus project, 
imed at determining factors broad 

geological a -us co , 
TOC nd TS in the soils of Cyprus.  

The geology s
fou nes e T s 
Ophiolite Complex comp of m d 
ultramafic rocks, the Circum-T os 

edimentary Sequence containing 
ca

es dolomites and 
m

S y, N , 205 AUSTR IA 

eoche ical tlas ypru projec , invo ing 
o est rols on baseline soil 

g viro en nd resource st die od
has been developed for measuring total carbon 
yielding a limit of quantification of 0.006% TC and
 
KEYWORDS: Soil, Cyprus, atlas 

il org nic c bon ( C) a  total ulfur S), 

 
INTRODUCTION 
Soils are complex materials, containing 
components of mixed origins with differing 
physical, chemical and biological 
properties. The form and concentrations of 
C and S in soils are important indicators of 
the environmental status of s

ricultural potential and their ability to 
filter and buffer contaminants (Nuwer & 
Keil 2005; Rawlins et al. 2008; Sylvia et al. 
2005). 

Soils sequester large amounts of C and 
their capacity to store large amounts of 
organic carbon (OC) is of considerable 
importance to modeling the global carbon 
cycle and, at national scales, allow 
estimation of soil-related CO2 emissions 
as part of commitments to the United 
Framework Convention on Climate 
Change (Panagos et al. 2008). Modeling 
requires accurate

rtion of inorganically-bound C in soil 
that is of geogenic origin and tightly bound 
in various mineral forms (Sahrawat 2003). 
Car

total organic carbon (SO
(Parton et al. 1987). 

Sulfur enters the current geochemical 
cycle with the weathering of rocks and 
conversion to either SO2 or SO4

2--bearing 
species, and subsequent uptake by plants 
and microorganisms and conversion into a 
variety of organic forms. Despite the 

nda
for differentiation of the forms of C and S 
in soils, and a plethora of measurement 
methods have been published (Essington 

004; Lore2
2002; Tabatabai & Bremner 1970). 

This study forms part of the 
Geochemical Atlas of 
a

nd land e that ntrol TC
 a

of Cypru
 terra

 is dominate
- th

d by 
roodor distinct

osed afic an
rood

S
lcarenites, siltstones and carbonates, 

the Mamonia Complex composed of 
igneous, sedimentary and metamorphic 
rocks and the Kyrenia Terrain containing a 
series of allochthonous massive and 
recrystallised limeston

arbles. These terranes generate highly 
varied landscapes (Fig 1). 
 
EXPERIMENTAL 
The methods for the analyses for TOC 
and SOC have been developed based on 
the international standard ISO 10694:1995 
and ISO15178:2000. 

Soil samples have been collected from  
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Fig 1.  V from f Me  Plain at 
Tseri tow dissected palaeo-fan surfaces in 
middle grou d and t e Trood iolite 

omplex tain  back .  

the upper 25 cm and the 50 to 70 cm 
section of regolith profiles at each of 5,520 
sites across Cyprus, and sieved to <2mm 
and milled. A bulk soil sample (CYP-A), 
derived from a calcarenite is being used 
as an in-house reference material for 
testing the analytical protocols. 

Samples are oven dried at 100°C after 
which they are weighed in order to 
measure water content. TC and TS are 
measured by introducing dried samples to 
the Carbon Sulfur (CS) automatic analyzer 
(Eltra CS-800) instrument. Subsequently, 
2g of each sample is introduced in pre-
weighed high temperature porcelain 
crucibles and is introduced to a high 
temperature muffle furnace for the 
removal of carbonates at 900°C. Samples 
are then introduced to the CS automatic 
analyzer for measurement of organic 
residual carbon.  

For every batch of 20-30 samples  
uality control reference material is 

 
DISCUSSION 

d
ments of TC and TS (Table 1). 

re
m  or 
accepted standards to determine SOC. 

p
s reas ly reproducib  

 
T
re
re

iew  edge o ssaoria
ards 

n
 moun

h
s in the

os Oph
groundC

 

a
q
analysed - either NIST SRM 2711 or CYP-
A. 

RESULTS AND 
The QC results indicate that the methods 

eveloped deliver consistent measure-

Measurement of SOC has proven less 
liable with a lack of externally certified 
aterials with known values of SOC,

However, a measure of the overall internal 
recision of our method for measuring 
OC indicateS onab le

results (Table 2). 

able 1. Estimates of repeatability (CVr) and 
producibility (CVR) for TC and TS in soil 
ference materials NIST2710 and 2711.  

 

 TC 
(%) TS (%) TC (%) TS 

(%) 
TC 
(%) 

TC 
(%) 

CRM NIST 
2711 

NIST 
2711 

NIST 
2711 

NIST 
2711 

NIST 
2710 

NIST
2710

 
 

N 76 76 10 10 7 6 

Mean 1.739 0.045 1.797 0.041 2.983 0.269 

Std 
Dev 0.044 0.012 0.025 0.002 0.562 0.023 

CVR 
(%) 2.5 26.0   18.8 8.7 

CVr 
(%)   1.4 5.4   

Soil certified reference materials: NIST 2711 Montana 
oil %S 0.042 cert. value, %C 2.0 recom. value; NIS
711 Montana Ι Soil %S 0.240 cert. value, %C 3.
com. value 

able 2.  Estimates of reproducibility (CVR) for 

II 
S T 
2 0 
re
 
T

 
TC (%) TS (%) SOC (%) 

TC, TS and SOC results on in-house soil 
reference material CYP-A.  

 

N 30 29 30 

Mean 10.887 0.053 0.171 

Std Dev 0.129 0.0 6 1 0.047 

CVR 1.2 31.0 27.4 
 

ection (LOD) and limits of 

b
m
c
any sample (Table 3). 

The results show good correlation 
between primary lithological compositions 
of geological terrains. For example, areas 
of known sulfide deposits in the 
Kalavassos area (Fig. 2) show elevated 
concentrations of TS. Of the ~1000 
samples analysed so far in the study, the 
average TC is 5.304% and average SOC 
is 1.1%.  These values are consistent with 
data from previous studies on soils in 

Limits of det
quantification (LOQ) for C and S have 

een evaluated through consecutive 
easurements of blank crucibles 

ontaining accelerator reagents without 
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Cyprus. The average TS value in the soils 
tested is 0.188%. 

The techniques will now be applied to 
the full sample set collected from 5,520 
sites, at an average density of one site per 
km2 covering the Republic of Cyprus. 

 
Table 3.  LOD and LOQ assessment using 
blanks.  
 

 TC (%) TS (%) 

N 10 10 

Mean 0.0015 0.0009 

SD 0.0007 0.0005 

LOD 0.002 0.001 

LOQ 0.006 0.003 

 
 

Kalavassos

Hirokitia

Tohni
Psematismenos

Maroni

Mari

0         1km

Samples
Total sulfur (%)

< 0.003
0.003 – 2.0

2.0 – 4.0
> 4.0

Contoured data
Total sulfur (%)

< 0.003
0.003 – 1.0
1.0 – 2.0
2.0 – 4.0

> 4.0  
 
Fig 2.  Variation in TS in the top 25cm of soil in 
the vicinity of the Kalavassos sulfide deposit.  
 
REFERENCES 
ESSINGTON, M.E., 2004. Soil and Water 

Chemistry: An interactive Approach, CRC 
Press. 

ISO, 1995. Soil quality - Determination of 
organic and total carbon after dry 
combustion.  ISO standard 10694:1995.  

ISO, 2000. Soil quality – Determination of total 
sulfur by dry combustion. ISO standard 
15178:2000. 

LORENZ, K., PRESTON, C.M., & KANDELER, E. 
2006. Soil organic matter in urban soils: 
Estimation of elemental carbon by thermal 
oxidation and characterization of organic 
matter by solid-state 13C NMR spectroscopy. 
Geoderma, 130, 312–323.  

NUWER, J.M. & KEIL, R.G., 2005. Sedimentary 
organic matter geochemistry of Clayoquot 
Sound, Vancouver Island, British Columbia. 
Limnology and Oceanography, 50, 1119–
1128. 

PANAGOS P., VAN LIEDEKERKE, M., 
MONTANARELLA, L., & JONES, R.J.A. 2008. Soil 
organic carbon content indicators and web 
mapping applications. Environmental 
Modelling & Software, 23, 1207-1209. 

PARTON, W.J., SCHIMEL, D.S., COLE, C.V., & 
OJIMA, D. 1987. Analysis of factors controlling 
soil organic matter levels in the Great Plains 
grasslands. Soil Science Society of America 
Journal, 51, 1173–1179,  

RAWLINS, B. G., VANE, C.H., KIM, A.W., TYE, 
A.M., KEMP, S.J., & BELLAMY, P.H., 2008. 
Methods for estimating types of soil organic 
carbon and their application to surveys of UK 
urban areas. Soil Use and Management, 24, 
47–59. 

SAHRAWAT K. L. 2003. Importance of inorganic 
carbon in sequestering carbon in soils of the 
dry regions, CURRENT SCIENCE, 84, (7), 
10 April. 

SCHUMACHER, B.A. 2002. Methods for the 
determination of total organic carbon in soils 
and sediments. US EPA Report, NCEA-C-
1282, EMASC-001. 

SYLVIA, D.M., FUHRMANN, J.J., HARTEL, D.P.G., 
& ZUBERER, A., 2005. Principles and 
Applications of Soil Microbiology, Pearson 
Prentice Hall. 

TABATABAI M.A. & BREMNER, J.M., 1970. 
Comparison of Some Methods for 
Determination of Total Sulfur in Soils. Soil 
Science Society of America Journal, 34, 417-
420. 



Proceedings of the 24th IAGS, Fredericton, 2009 

 1054 



 

 

 


	PROCEEDINGS OF THE 24TH INTERNATIONAL APPLIED GEOCHEMISTRY SYMPOSIUM FREDERICTON, NEW BRUNSWICK, CANADA
	GENERAL SESSION



