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Abstract 
The Pamir Mountains in Tajikistan are part of a semi- to cold-arid mountain region in Cen-
tral Asia. Its snow and glacier deposits are the source of one of the largest Central Asian riv-
ers - the Amu Darya. The development of the further availability of these important fresh 
water resources depending on high impact from factors such as climate change is in the cen-
tral focus of this study. For this, the actual hydrological condition of the high-alpine catch-
ment of the Gunt river is supposed exemplary for the Pamir. By application of hydrochemical 
tracers (major ions and physico-chemical parameters) and isotope hydrological methods 
(δ2H, 3H, δ18O, δ7Li, 87Sr/86Sr, noble gases) basic hydrological processes are identified and 
described. This multi-tracer approach allows to get a detailed picture on the flow regime and 
chemical evolution of the river water of two to three circles of season and gives the fact that 
the catchment area of the Gunt is a geomorphologically young catchment area, which reacts 
fast on hydrological changes due to its climatically, geological and geomorphological condi-
tions. There are clear regional and seasonal variations in all investigated parameters. The 
catchment area can be subdivided into northern catchment areas, southern catchment areas, 
the eastern plateau, which is mainly characterized by the lake Yashilkul and the main river 
Gunt collecting all hydrogeochemical signals. In data of the δ18O and δ2H values and the ma-
jor anions and cations, a clear annual cycle is recognizable. This has shown that snow melt-
ing and glacier melting are the dominant processes for runoff formation and that runoff is 
less strongly fed by large groundwater deposits. By determining the transit time with 
3H/3He, it became clear that at exemplary cold springs the transit time is less than two years, 
and in wells in the steep northern subcatchments and in the southern subbasins and the 
Gunt river itself the transit time is less than ten years. Only the hot springs show transit 
times of at least twenty years and more. Therefore, it can be assumed that the meltwater is 
not strongly retained in deeper aquifers. The glaciers in the catchment area of the Gunt are 
also affected by strong melting processes. This in turn would mean that the investigated 
catchment is very sensitive to any changes of water input from the available current glacier 
decreases and the current meteorological circulations containing poor precipitation from 
the Atlantic, the Mediterranean, the Caspian Sea and the Persian Gulf and it also would be 
affected by increasing water scarcity in the next decades. 
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Zusammenfassung 
Das Pamirgebirge in Tadschikistan ist Teil einer semi- bis kaltariden Bergregion in Zentrala-
sien. Seine Schnee- und Gletscherablagerungen sind die Quelle eines der größten zentralasi-
atischen Flüsse - des Amu Darya. Die Entwicklung der weiteren Verfügbarkeit dieser wichti-
gen Süßwasserressourcen in Hinblick auf bevorstehende Veränderungen durch den Klima-
wandel steht im Mittelpunkt dieser Studie. Dazu wird der tatsächliche hydrologische Zu-
stand des hochalpinen Einzugsgebietes des Gunt Flusses exemplarisch für den Pamir be-
schrieben. Durch den Einsatz von hydrochemischen Tracern (Hauptionen und physikalisch-
chemische Parameter) und isotopenhydrologischen Methoden (δ18O, δ2H, δ7Li, 87Sr/86Sr, 
3H/3He) werden grundlegende hydrologische Prozesse identifiziert und beschrieben. Dieser 
Multi-Tracer-Ansatz ermöglicht es, ein detailliertes Bild über das Abflussregime und die che-
mische Entwicklung des Flusswassers über zwei bis drei hydrologische Jahre zu erhalten 
und zeigt, dass das Einzugsgebiet des Gunt ein geomorphologisch junges Einzugsgebiet ist, 
das aufgrund seiner klimatischen, geologischen und geomorphologischen Bedingungen 
schnell reagiert. Bei allen untersuchten Parametern gibt es deutliche regionale und saisonale 
Schwankungen. Das Einzugsgebiet lässt sich klar unterteilen in nördliche Einzugsgebiete, 
südliche Einzugsgebiete, das östliche Plateau, welches hauptsächlich durch den See Yashil-
kul geprägt ist, und den Hauptfluss Gunt, der alle Signale in sich vereint. Sowohl in den δ18O 
und δ2H Werten sowie in den Hauptan- und kationen ist ein klarer Jahreszyklus erkennbar. 
Dies zeigt, dass Schnee- und Gletscherschmelze die dominierenden Prozesse für die Abfluss-
bildung sind und dass der Abfluss weniger stark von großen Grundwasservorkommen ge-
speist wird. Durch die Bestimmung der Verweilzeit mit 3H/3He wird deutlich, dass die mitt-
lere Verweilzeit an ausgewählten kalten Quellen und Brunnen der steilen nördlichen Tei-
leinzugsgebiete weniger als zwei Jahre beträgt sowie in den südlichen Einzugsgebieten und 
dem Fluss Gunt selbst die mittlere Verweilzeit weniger als zehn Jahre beträgt. Nur die hei-
ßen Quellen weisen durchschnittliche Verweilzeiten von mindestens zwanzig Jahren und 
mehr auf. Daher ist davon auszugehen, dass das Schmelzwasser nicht in tieferen Grundwas-
serleitern stark zurückgehalten wird. Auch die Gletscher im Einzugsgebiet des Gunt sind von 
starken Schmelzprozessen betroffen. Dies wiederum bedeutet, dass das untersuchte Ein-
zugsgebiet sehr empfindlich auf Veränderungen der hydrologischen Rahmenbedingungen, 
wie zum Beispiel das Abschmelzen der Gletscher und die aktuellen meteorologischen Zirku-
lationen mit geringen Niederschlägen aus dem Atlantik, dem Mittelmeer, dem Kaspischen 
Meer und dem Persischen Golf, reagiert und es in den nächsten Jahrzehnten von der zuneh-
mender Wasserknappheit betroffen sein wird. 
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1 Introduction 
The high mountains are widely called as the water towers of the world (Viviroli and 
Weingartner 2004). As a result of plate tectonics, the high mountain range of the ongoing 
Earth forming crust built the characteristic shape of the planet Earth. The high mountains 
are very important fresh water suppliers for the mountain region itself and for the sur-
rounding valleys and plains. From highland watersheds, 32 % to 95 % of freshwater can be 
provided via various hydrological processes (Meybeck et al. 2001; Viviroli and Weingartner 
2004). On the one hand, due to the orographic effect, in the upper layers along the mountain 
slopes more condensation and precipitation takes place. Therefore, more precipitation falls 
in the mountains than in the plains. This precipitation can then either fall in form of rain cre-
ating direct surface runoff or of snow, which is stored during the cold season until snow melt 
takes place during change of season. Accordingly, precipitation resulting in runoff becomes 
available to the population for various hydrological aspects, e.g. as drinking water, irrigation 
water, water power. However, not only precipitation contributes to runoff in the mountain 
regions: In the high mountains, glaciers also play an important role in hydrology. Due to cli-
mate change, these important water reservoirs are particularly affected by increased melt-
ing and will most likely no longer be available for water supply in the future. Other compart-
ments that can contribute to runoff are outflowing groundwater resources that feed surface 
waters or melting permafrost deposits.  

However, the importance of the influence of the mountains on the water supply of the low-
lands depends to a large extent on their geographical location. Mountains in humid regions 
of the Earth are less important for the water supply of the surrounding lowlands than moun-
tains in arid or semi-arid areas (Viviroli and Weingartner 2004). If one compares the im-
portance of the mountain discharge for the surrounding lowlands worldwide, the Amu 
Darya stands for Asia in first place (Viviroli et al. 2003). The two tributaries of the Amu 
Darya, the Vakhsh and the Panj, have their origin in the Pamir Mountains, which are also 
called "roof of the world" (Brockhaus 1928).  

The Pamir, with its surrounding mountains and sedimentary basins, is a key region for re-
search into the climatic changes of recent years and the geological history (paleoclimatol-
ogy). This makes it one of the world's most interesting regions for climatic and hydrological 
studies alongside the polar regions and is part of the so-called "Third Pole Environment – 
TPE" (Yao et al. 2012). The TPE extends from the Pamir in the west over the Tibet Plateau to 
the Hengduan Mountains in the east. 

This predominantly semi-arid region is home to the world's highest mountains, which are 
very sensitive to climatic changes and human influences. 

The Food and agriculture organization of the United Nation (2017) states that water ab-
straction exceeds recharge rates and water bodies are overexploited in Central Asia. This 
has a negative impact on aquatic ecosystems and also hinder socio-economic development. 
Due to climate change, a shortage of water is forecasted for the TPE, partly due to the decline 
in glacier deposits. Especially for the Central Asian states, which are all together riparian 
states of the Amu Darya and, in minor extend, the Syr Darya, a strong population growth and 
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a predicted increasing water shortage are expected. In view of the increased demand for wa-
ter in the individual Central Asian states, the resource water thus represents an enormous 
potential for conflict.  

In order to estimate how much water is actually available in the region, how water resources 
are distributed and what impact climate change has on the region and water resources, the 
Federal Ministry of Education and Research (BMBF) initiated a research program entitled 
"Central Asia – Monsoon Dynamics and Geo-Ecosystems (CAME)", which funded a total of 54 
individual projects. A subproject of this project group is the project “PAMIR water - influence 
of climate change on the water balance of a river basin in the Pamir”, in which the present 
dissertation is embedded. The aim of the project PAMIR water is to record hydro(geo)logical 
processes such as runoff and groundwater recharge in an exemplary high-alpine catchment 
of the Pamir in Tajikistan, to model the effects of climate change and to transfer them to the 
whole Pamir region.  

Objective 

In this dissertation an exemplary catchment area for the Pamir is characterized hy-
dro(geo)logically by means of environmental tracers. The specific investigated high-alpine 
catchment of the Pamir comprises the extensions of the river Gunt. The aim is to describe 
the water cycle in the Gunt river basin at different places and different times and to uncover 
causal relationships to the natural conditions of the individual tributaries. In order to carry 
out an initial hydrogeological characterisation of the catchment area, various tracer methods 
were selected and applied to different hydrological components. To describe origins of pre-
cipitation and to link precipitation with runoff stable isotopes of water (δ18O and δ2H) were 
selected. Hydrochemical data of major ions were used to describe the hydrochemical system 
of surface water and to decipher influences on runoff generation. Additionally, lithium iso-
topes were used to describe the groundwater compartment and within this the interactions 
between water and rock. 

Specific objectives are set by the following questions under the framework of the three be-
fore mentioned particular aspects: 

Aspect 1 – Characterization of precipitation and river water by using oxygen and hydrogen 
isotopes 

• How can seasonal precipitation impacts be identified in the main 
stream and its tributaries? 

• Are there local differences between the sub catchments? 
• What is the main contribution to the head water? 

 

Aspect 2 – Assessment of the hydrochemical system using statistical analysis methods 

• Are there differences of water chemistry between the tributaries and 
main stream and how are they related to aspects of background geol-
ogy and morphology? 

• Are there seasonal changes of water chemistry identifiable and what 
are they based on? 
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Aspect 3 – Description of water-rock interactions with lithium isotopes in respect of resi-
dence times (RT) 

• Are there differences in river water evolution in the Gunt catchment? 
• Can a development of water chemistry along the flow path be traced? 
• How long are the residence times (RTs) of the river? 

In order to characterize the water resources in the catchment area, samples of precipitation 
and river water were taken monthly over a period of three years. In addition, random sam-
ples of different groundwater leaks (hot and cold springs), stagnant waters and glacier sam-
ples were obtained. These samples were examined for their hydrochemical composition. 
Among other things, the stable isotopes of the water (δ2H and δ18O) and hydrochemical pa-
rameters (electrical conductivity, pH value, water temperature and major ions) were ana-
lyzed. Li and Sr isotope investigations were also used as a natural tracer for a specific issue 
and linked to transit times that were obtained by applying the 3H/3He dating method. De-
scriptive and multivariate statistical methods were used to evaluate and interpret the meas-
ured data. Furthermore, a backtracking model was used to track precipitation origins as well 
as a reactive transport model to clarify the process understanding with regard to the water-
rock interactions. 
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2 Study area – the Gunt catchment 
2.1 Geography 

Tajikistan is a landlocked state in the southeastern part of Central Asia. Bordering states are 
Kyrgyzstan in the north, China in the east, Afghanistan in the south and Uzbekistan in the 
west. The investigation area is the river Gunt catchment, which is situated in the Amu Darya 
headwaters (Figure 1). It is part of the Pamir Mountains and lies in the south-eastern part of 
Tajikistan in the province Gorno-Badakhshan (GBAO). The Pamir is surrounded by large and 
high mountain ranges – the Karakorum Range in the south east, the Kunlun Mountains in the 
south, and the Tien-Shan in the north east.  

 
Figure 1: General map of Central Asia showing Tajikistan and the Gunt catchment (pink), source of world bor-

ders from: thematicmapping.org. 

The Tajik Pamir can be divided into the Eastern and Western Pamirs. Typical for the Eastern 
Pamir are comparatively smooth relief forms, plateaus and pastures (Figure 3, right). The 
West-Pamir is characterized by steep relief with deep river valleys (Bill and Schreiber 2010) 
(Figure 3, left). The Gunt catchment is a high alpine east-west running basin covering with 
an area of about 14,000 km² ca. 1/10 of the whole country (Figure 2). It belongs both to the 
Eastern and to the Western Pamirs. The catchment shows an altitudinal range between circa 
2000 m at the Gunt’s mouth in Khorog and more than 6500 m a.s.l. at the highest peaks (Pik 
Karl Marx 6726 m a.s.l. and Pik Engels 6510 m a.s.l.), whereas the mean altitude is at about 
4300 m a.s.l.. The catchment is characterised in the East by a high alpine plateau (ca. 
4000 m a.s.l.) with broad and flat valleys; the western sub basin represents a steep land-
scape with a high relief dynamic, as it is typical for the both Pamir regions, respectively. Al-
most 10 % of the Pamir Mountains are covered by glaciers (Knoche et al. 2017). The Gunt 
catchment showed in 2011 a glaciation of about 4.5 % (Lindner 2014). 
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Figure 2: Topography of the Gunt catchment. 

Furthermore, Tajikistan has over 200 lakes of different origins. The largest lake in the Pa-
mirs is the Karakul Salt Lake. The lakes Yashilkul and Bulunkul are located in the valley of 
the river Alichur, a tributary of river Gunt that discharges the Eastern part of the catchment. 
The Pamir also has more than 80 springs, many of them are hot and contain sulphur, sodium 
and potassium. The most famous thermal springs in the Gunt catchment are the hot springs 
in Djelondi (Figure 5, right) between Alichur and Khorog (Bill and Schreiber 2010). 

 
Figure 3: Changing relief types. Left: West Pamir with steep valleys. Right: High plateau in East Pamir. 

The Afghan-Tajik border river Panj belongs to the longest rivers in Tadjikistan and is located 
in the south of Tajikistan. The investigated Gunt (Figure 5, middle) is a tributary of the Panj 
and has together with river Alichur a length of 296 km. The Alichur flows through the lake 
Yashilkul (Figure 5, left), and afterwards as river Gunt it takes up the water of the river 
Shakhdara shortly before Khorog and flows into the Panj after the city. 
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The discharge at the hydrological station at the river outflow in Khorog shows a mean an-
nual runoff of 105 m³/s with strong intra-annual variations. From October to March the dis-
charge is very low (Qmean ≈ 44 m³/s) and continuously declining to its minimum discharge in 
March (Qmin ≈ 30 m3/s). In April, the melting season starts and thus, discharge rapidly in-
creases and shows its maximum value in July (Qmax ≈ 290 m³/s), whereas the average dis-
charge for the summer period (AMJJAS) is about 164 m³/s (Pohl et al. 2015). Pohl et al. 
(2015) also stated that the interannual variations of the summer hydrograph are strong, 
whereas the winter hydrograph shows a low and rather constant pattern (Figure 4).  

 
Figure 4: Discharge patterns for the years 2000-2005 of the river Gunt at the hydrological station in Khorog. 

This suggests that snow and glacier melt is important for the discharge in summer. However, 
in winter groundwater runoff has a significant and constant impact on runoff generation 
(Knoche et al. 2017).  

 
Figure 5: Hydrological situation in the Pamir Mountains. Left: Lake Yashilkul, middle: River Gunt near Sardem, 

right: hot spring in Djelondi. 
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2.2 Climate 

In general, Tajikistan is influenced by a pronounced continental climate with long, hot sum-
mers and short mild winters (Bill and Schreiber 2010). The Pamirs instead show a semiarid 
to cold-arid climate. The Western Pamir is characterized by a semiarid climate with hot dry 
summers and a precipitation maximum in the winter months. However, the Eastern Pamir 
shows cold-arid climate conditions (Peel et al. 2007). In contrast to the Himalayas that re-
ceive their precipitation mainly from the Indian summer monsoon (ISM), the Pamirs lie in 
the transition zone of different atmospheric circulation systems (Aizen et al. 2009; Zech et 
al. 2005; Fuchs et al. 2013). Primarily, the Pamir is influenced by the westerlies. This leads 
on the one hand to a west-east gradient in the precipitation (sum of annual precipitation: 
Khorog = 200 mm/a, Bulunkul = 100 mm/a) and on the other hand to a precipitation maxi-
mum in winter, which is dominated by snow (Maussion et al. 2014). Only in the easternmost 
part of the Gunt catchment it is supposed that the influence of the Indian monsoon increases. 
One evidence for the increasing ISM influence could be the shift of the maximum precipita-
tion into summer (Aizen et al. 2009; Fuchs et al. 2013)(see Figure 6). However, this hypothe-
sis is still subject of controversial discussions (Pohl et al. 2015; Meier et al. 2013). Knoche et 
al. (2017) supports the assumption of Aizen et al. (2009) that also polar air masses have an 
influence on precipitation in the far eastern part of GBAO. In addition, the area is character-
ized by a very high potential evaporation of 600-1000 mm/a (Gorbunov 1990) and a signifi-
cant decrease in the average temperatures from west to east (Figure 6). 

  
Figure 6: Climate diagrams from three meteorological stations (Khorog, Navabad and Bulunkul) in the Gunt 

catchment from west (left) to east (right) (Lindner 2014).  

2.3 Vegetation 

The vegetation in the Pamir is very sparse (Pohl et al. 2015) and is characterized above all 
by different kinds of juniper trees in the western, lower and humid mountainous areas. In 
addition, numerous shrubs and bushes such as honeysuckle, maple, rose hip, hawthorn, bar-
berry and sea buckthorn are also part of typical vegetation. Lichens and herbs, such as wild 
rosemary, are also native to the area. Up to an altitude of 2200 m a.s.l. there are occasional 
walnut trees; juniper trees grow up to 3000 m a.s.l.. Along the rivers and at the springs in 
western Pamir there are birches and willows. The East Pamir is extremely dry, the vegeta-
tion accordingly sparse. Besides bush plants, feverfew and grasses, there are some dwarf 
and half-shrub species. The high pastures up to ~4000 m above sea level are characterized 
by low grass plants. Half shrub also grows in high and dry areas and is an important winter 

 



Study area – the Gunt catchment  8 of 91  

 

food source for the animals. In the rocky landscape >4500 m above sea level only very low 
plants and some fungi remain (Bill and Schreiber 2010). 

2.4 Geology 

The mountain massifs and high plateaus of the Pamir were created together with the Hima-
laya in the broadest sense through the collision of two continental plates: the Indian Plate in 
the south and the Eurasian Plate in the north (Schwab et al. 2004; Robinson et al. 2004). 
Topographically, the Pamir forms the northwestern extension of the Tibetan Plateau (Fuchs 
et al. 2013). The mountain can be geologically divided into three areas: the North Pamir, the 
Central Pamir and the South Pamir (Burtman and Molnar 1993)(Figure 7).  

The study area is mainly located in the South Pamir, which is geologically subdivided into 
the North Alichur and South Alichur areas and is traversed in the east by the northwest-
southeast running dextral Aksu-Murghab disorder (Figure 7). In the north follows the rela-
tively narrow Rushan-Pshart zone of ophiolite sequences, which are also represented in the 
form of small cliffs in southern Pamir. 

 
Figure 7: Geological overview with tectonic units, the Pamir regions as well as Palaeozoic and Mesozoic over-

thrust paths (Burtman and Molnar 1993). 

This Rushan-Pshart zone contains rocks of the Palaeozoic, which are discordantly overlaid 
by late Carboniferous and early Permian sandstones, limestones and marl (Figure 8). These 
are detritic and carbonatic sediments of a former shallow water zone in the area of the pas-
sive continental margin. These are superimposed by carbonic and palaeogenic sediments 
without noticeable unconformity. Most areas have the entire sequence of rocks from carbon 
to palaeogen with partly some lacks of the late Jurassic and early Cretaceous.  
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Figure 8: Profile section through the Rushan-Pshart zone (Burtman and Molnar 1993).  

In the North Alichur region, metamorphic rocks of the Southwest Pamir are covered by bas-
alt, picrit and tufa, which also contain Triassic limestones. This ceiling, which was pushed up 
in the late Triassic period, is covered by Jurassic sediments. Significantly thicker layers of 
Mesozoic ophiolites can be found in the southern Alichur region, near the border between 
southeast and southwest Pamir. These are also stored on metamorphic rocks and are super-
imposed by Jurassic sediments. The lower part of the ophiolites consists of ultramafic tec-
tonites, overlaid by alkali-olivin basalts and tholeit basalt with layers of siliceous slate and 
tuffs. Further up in the sequence are included lava, tuffs and olisthostromes with blocks of 
Permian and Triassic.  

The South Pamir is subdivided by very different rock sequences into a southeast part and a 
southwest part. The southwestern consists of Precambrian metamorphites with Mesozoic 
and palaeogenic granite intrusions (Leonov et al. 2017). In the southeast, the oldest rocks 
are Carboniferous to Permian sandstone, siltstone, claystone and limestone (Figure 9). The 
Triassic sequence of limestones, radiolarites and claystones contains little basalt lava and 
tuffs, such as those of the Rushan-Pshart zone. These layers are overlaid by Jurassic reef 
limestones and Cretaceous sediments containing alternating layers of conglomerates, 
dacites, andesites, tuffs and limestones. Folding in the southeast Pamir and the Rushan-
Pshart zone took place in the Jura up to possibly the early Cretaceous; however, all tectonic 
structures were reactivated during the Cenozoic deformation processes (Burtman and 
Molnar 1993). 

  
Figure 9: Profile section through the Murghab disturbance in southeast Pamir (Burtman and Molnar 1993). 
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Figure 10: Lithological units in the Gunt catchment. 

According to the geological map (Figure 10) the lithology of the Pamirs can be grouped into 
four lithological units: “unconsolidated rock”, “limestone”, “magmatic rock” and “metamor-
phic rock”. The group "unconsolidated rock" contains Eocene and Oligocene boulders and 
the entire Quaternary sediments. The second group consists of Permian, Jurassic and Trias-
sic limestones and Proterozoic marbles. The crystalline rock can be divided into "magma-
tites" and "metamorphites", whereas granites, granodiorites and diorites from Mesozoic in-
trusions can be generally combined to "magmatites". The group "metamorphites" includes 
Precambrian gneiss as well as Palaeozoic mica schist and Mesozoic schist, clay slate and 
phyllite. 

The distribution of lithological units follows in the western part arching belts of metamor-
phic and igneous rocks, e.g. granite, granodiorite and gneiss. In the northern side of the 
catchment the bedrock consists mainly of granite, migmatite and biotite rich rocks, south-
erly a band of biotite rich gneisses follows; the Shugnan Range is represented by a huge gra-
nitic intrusion, and in the southernmost belt the band of biotite rich gneisses continues. Only 
in the eastern high plain unconsolidated rock like marl and moraine material as well as lime-
stone and schist can be found. 
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3 Material and Methods 
This chapter presents the sampling strategies and the hydrochemical tracers that were ap-
plied. 

All analytical results of the samples as well the calculated transit times are documented in 
the (Appendix). 

3.1 Sampling 

In several field campaigns in August 2011, October 2011, March and August 2013 and Sep-
tember 2014 a high number of surface and groundwater samples was taken from water res-
ervoirs in the Gunt catchment. 96 locations were chosen to collect water samples from e.g. 
the main stream Gunt, its accessible tributaries, Lake Yashilkul and Lake Bulunkul, hot and 
cold springs, wells and glacier melt (see Figure 11, Appendix Figure 1 and Appendix Table 
1). A monthly monitoring program involving local technicians has been in place from Octo-
ber 2011 until November 2014. River water samples were taken from the middle stream of 
the rivers wherever possible. All water samples were immediately filtered through a 
0.45 µm cellulose acetate filter paper.  

 
Figure 11: Location of the study area including all sampling locations. 

Precipitation was collected at four sites but only two of these sites, Khorog and Navabad, 
which are 34 km apart, will be discussed further. Over the course of 15 months, 19 monthly-
integrated samples were collected in 2012 and 2013. Subsequently, sampling of single rain 
events took place in 2013 and 2014, resulting in further 89 event samples collected over a 
period of 13 months (Appendix Table 2).  

The monthly-integrated precipitation samples were collected from Hellmann-type rain 
gauges. To avoid evaporation effects, samples were collected at least twice per day, stored in 
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high-density polyethylene (HDPE) bottles, and conflated to monthly samples. Event samples 
were transferred from the Hellman rain gauges into durable PE bags (Whirl-Pak™, Nasco, 
Fort Atkinson, WI, USA). These water-filled bags were put into HDPE bottles for shipping. 

Samples for stable isotope analysis of δ18O and δ2H were stored in clean 30 ml HDPE bottles. 
Before filling the bottle with the sample, the bottle was rinsed three times with the filtrated 
water sample. The bottles were filled to the rim to protect the sample against evaporation 
and exchange with atmospheric steam. These samples were also used for anion analysis; the 
water in the bottles was not acidified. The samples for the cation analysis were filled after 
rinsing to the rim into clean 30 ml HDPE bottles, acidified with ca. 20 µL HNO3 and tightly 
closed to avoid contamination.  

For lithium and strontium isotopes 250 ml HDPE bottles were pre-cleaned with ultrapure 
HCl. The bottles were filled to the rim, acidified with HNO3 and tightly closed to avoid con-
tamination.  

A total of 1279 water samples from the Gunt catchment area were collected and partially an-
alyzed for the following parameters: 

• Stable isotopes of oxygen lithium strontium 
• Stable and radioactive isotopes of hydrogen 
• Noble gases 
• Major cations and anions and trace elements 
• Physico-chemical parameters (pH, electrical conductivity (EC), water temperature 

(T)) 

All analytical results that were used for evaluation are reported in the (Appendix). 

In addition, scientists of the University of Resources (TUBA) Freiberg (Germany), Institute of 
Geology, Department of Tectonophysics, collected a variety of rock materials to represent 
the regional geology; 15 rock samples were selected for this study. Over a period of three 
months in 2013, the suspended particulate matter (SPM) samples were taken daily at three 
gauging stations in the catchment area: in Khorog from the main river Gunt, in Khabost from 
the main tributary Shakhdara and at the gauging station from the Patkhur River, the tribu-
tary of the most glaciated sub catchment. If possible, SPM-samples were taken from the cen-
tral canal of the rivers, often from bridges. For SPM-samples five liter of river water were 
taken and passed through a filter. For laboratory analysis monthly integrated SPM-samples 
were generated by mixing of all available daily SPM-samples of one month. 

3.2 Analytics 

The samples from the field campaigns were immediately after the field trip shipped to Ger-
many. All water samples of the monitoring program performed by technicians from Tajiki-
stan were shipped to Germany every two months. 
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3.2.1 Stable isotopes of oxygen and hydrogen 

Water samples were analyzed for δ18O and δ2H in the stable isotope laboratory of the Catch-
ment Hydrology Department of the Helmholtz Centre for Environmental Research – UFZ in 
Halle (Saale).  

Before measurement, all precipitation samples were filtered through a 0.45 µm cellulose ac-
etate filter paper. The analysis of stable oxygen and hydrogen isotopes was performed with 
an isotope ratio infrared spectroscopy (IRIS) analyser, based on wavelength-scanned cavity 
ring-down spectroscopy (L2120-i, Picarro Inc., Santa Clara, CA, USA). All measurements of 
δ18O and δ2H were scale normalized with laboratory standards that are calibrated against 
the high and low international reference materials Vienna Standard Mean Ocean Water (V-
SMOW) and Standard Light Antarctic Precipitation (SLAP) from the International Atomic En-
ergy Agency (IAEA). The stable hydrogen and oxygen isotopic compositions of SLAP are ex-
pressed as delta values relative to VSMOW with δ18O = -55.5±0.02‰ and δ2H = -
427.5±0.3‰ (Gröning et al. 2010). The two-point calibration was controlled by a third la-
boratory standard water. To exclude memory effects, each sample is measured with nine in-
jections while the first three injections are discarded. All values are reported in the standard 
δ notation in per mil (‰) vs. V-SMOW according to Equation 1. 

 

𝛿𝛿18𝑂𝑂 (‰) =  

⎝

⎜
⎛
� 𝑂𝑂 18

𝑂𝑂 16 �
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

� 𝑂𝑂 18

𝑂𝑂 16 �
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

− 1

⎠

⎟
⎞
∗ 1000 

Equation 1: Delta notation demonstrated with the isotopes of oxygen, 16O and 18O. 

Values had an overall reproducibility of ±0.4 ‰ and ±1.5 ‰ (±2σ) for δ18O and δ2H, respec-
tively. 

3.2.2 Lithium isotopes 

Sample preparation for measurement of lithium isotopes was done in the institute for geo-
sciences, petrology and geochemistry at the Goethe University Frankfurt (Germany) accord-
ing to (Seitz et al. 2004). For the water samples this preparation method was adapted to the 
liquid matrix. So, no pulping of the sample by hydrofluoric acid (HF) was necessary. Lithium 
was separated on a cation exchange column.  

Lithium isotope ratios were determined with a multi-collector inductively coupled plasma 
mass spectrometer (MC-ICP-MS; Neptune, Thermo Scientific). All measurements were ful-
filled after the sample-standard-bracketing method by measuring of at least two replicates 
per sample (n≥2), because lithium analysis with MC-ICP-MS produces a large fractionation 
and requires therefore a correction using bracketing standards. The isotopic compositions of 
the samples are given in delta notation (Equation 1).  

The primary standard is the NIST L-SVEC SRM 8545, a high purified Li2CO3 reference mate-
rial from the National Institute of Standards and Technology (NIST), which has a 
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7Li/6Li = 12.02±0.03 (Flesch et al. 1973). The total precision of the Li measurements in this 
study is: 2σ = 1 ‰. 

3.2.3 Major ion concentrations, trace elements and field parameters 

All water samples were shipped to Germany to be analyzed for the ion concentrations in the 
Department Catchment Hydrology and the Department of Analytics in the Helmholtz Centre 
for Environmental Research – UFZ in Halle and Leipzig, respectively. Cation concentrations 
of the dissolved loads were done by spectroscopy with an ICP-OES – Spectro Ciros CCD 
(Spectro Analytical Instruments, Germany), anion concentrations by ion chromatography 
(IC), and trace elements by inductively coupled plasma mass spectrometer (ICP-MS). Alka-
linity was instantly determined in the laboratory via titration with HCl. All concentrations 
were transferred to meq/L under consideration of the ionic masses and the ion charge of 
each parameter. To evaluate the quality of major ion analysis the calculation of cation-anion 
balances was used according to DIN 38402-62 (Equation 2): 

 ∆𝑚𝑚𝑚𝑚𝑚𝑚  =  (∑𝑚𝑚𝑚𝑚𝑚𝑚+−∑𝑚𝑚𝑒𝑒𝑒𝑒−)
(∑𝑚𝑚𝑚𝑚𝑚𝑚++∑𝑚𝑚𝑒𝑒𝑒𝑒−)

∗ 100% 

 

Equation 2: Calculation of cation-anion balance. 

The ion balances of the whole data set show balances > 50 %. Therefore, alkalinity was cal-
culated as the total anion charge deficit. For all further investigations the calculated alkalin-
ity is used. 

All physico-chemical parameters (EC, T, pH) were measured in-situ by using WTW 350i 
(WTW, Germany).  

3.2.4 Strontium isotopes 

The measurement of strontium isotopes was carried out in the isotope laboratory of the 
chair of “Isotope Geochemistry at the Institute of Mineralogy and Geodynamics” at the Uni-
versity of Tübingen and in the Laboratory for Isotope Geochemistry and Geochronology at 
the Mineralogical Institute of the University of Resources (TUBA) Freiberg. Before the meas-
urement the water samples are evaporated and the residue is used for ion chromatographic 
separation of strontium with HNO3 (ultrapure). For analysis, the strontium is applied to the 
filament of the TIMS device. Analyses of the 87Sr/86Sr isotope ratio of water samples are per-
formed by thermal ion mass spectrometry – TIMS (Finnigan MAT 262). The measurement of 
the 87Sr/86Sr-ratio is done in reference to the international standard NBS SRM 987. The 
87Sr/86Sr-ratio of the NBS SRM 987 standard is about 0.710259±0.000018 (Tichomirowa et 
al. 2010). The total precision of the Sr measurements in this study is: 2σ = 0.00002. 

3.2.5 Noble gases and 3H 

Travel times were estimated by applying the Tritium-Helium dating method (3H/3He-
Method) (Appendix Table 10). For that, helium isotopes dissolved in groundwater and other 
noble gases (4He, Ne) were taken with the use of diffusion samplers (Aeschbach-Hertig and 
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Solomon 2013). The diffusion samplers consist of two copper pipes connected by a gas-per-
meable silicone hose. For sampling they were placed in the groundwater outlet. After two 
days, equilibrium between the gas composition inside the sampler and the gases dissolved in 
the groundwater was established under stationary conditions. In order to be able to meas-
ure gas contents representative of groundwater, the diffusion samplers must be placed at 
locations with sufficient water depth and flow velocity. Assuming a laminar flow when the 
spring water emerges from the sediment/solid rock, at a maximum storage time of 7 days a 
minimum water height of about 10 cm is necessary to prevent the exchange of gases across 
the water surface.  

The analysis of the noble gases and in particular of the helium isotopes, which was used for 
dating, was carried out at the Institute for Environmental Physics at the University of Heidel-
berg by application of mass spectrometry.  

3.2.6 Additional data  

3.2.6.1 Geographical data 

The calculation of the natural spatial parameters (height distributions, slope inclinations, ex-
posure etc.) was carried out by Brehme (2014) and was based on an SRTM-3 data set, which 
is freely available for download from the USGS (U.S. Geological Survey) and is available in 
the form of a digital elevation model (DEM). Information on the lithological subsurface was 
provided by a geological map, which was digitized by the project partner of the University of 
Resources (TUBA) Freiberg. The glacier distribution in the catchment area of the Gunt was 
calculated as part of a master thesis (Lindner 2014) and could also be used directly in the 
form of a shape file.  

3.2.6.2 Data from the GNIP database 

To access isotope data, the Global Network of Isotopes in Precipitation (GNIP) was used in a 
first step (International Atomic Energy Agency (IAEA) 2018). Additional isotope data were 
collected and evaluated from numerous publications for areas with sparse spatial coverage 
by GNIP stations. A full list of GNIP stations and additional data from publications used in 
this study can be found in (Appendix Table 3). 

3.2.6.3 Statistical analysis 

The statistical analyses were mainly carried out using the commercial software Statistica 
(Version 13, TBICO Software Inc. Copyright 1984-2017), partly also with Excel 2010 (© Mi-
crosoft Corporation 2010). Piper plots were created with the open source software GWChart 
Version 1.29.0.0 (U.S. Geological Survey 2015). 

3.2.6.3.1 Box-Whisker-Plot 

The Box-Whisker-Plot (short: Boxplot) is one of the most important graphical tools for de-
scribing a data set. Within the "box" the median value, the 25 % quartile and the 75 % quar-
tile are displayed. The dispersion of the data is represented by the 1.5-fold interquartile 
range (IQR) ("whisker"). Outside these ranges there are outliers and distances greater than 
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three times the IQR is referred as an extreme value. This type of data representation enables 
the illustration of data location and dispersion. The shape of the box plot provides infor-
mation about the normal distribution and possible skewness of the data. The size ratio be-
tween the box and the whisker allows statements to be made about the extent of the data. 
Regular or systematic outliers can, for example, be an indication of a high extent.  

3.2.6.3.2 Histogram 

Essentially, a histogram is a visualized frequency table. The measured-values are displayed 
in intervals against their absolute or relative frequencies. The selection of intervals or cate-
gories is decisive for the meaningfulness of such a diagram.  

3.2.6.3.3 Piper-Plot 

The presentation of hydrochemical data or the ratios of ion concentrations is usually done 
according to (Piper 1944) using the water types (Furtak and Langguth 1967). The Piper rep-
resentation is a combination of ternary plots and a square diagram. A diamond is formed by 
inclination, on the lower sides of which two triangular diagrams are attached. Cations (alka-
line earths 𝐶𝐶𝐶𝐶2+ + 𝑀𝑀𝑀𝑀2+ and alkalis 𝑁𝑁𝑁𝑁+ + 𝐾𝐾+ and anions (𝑆𝑆𝑆𝑆42− + 𝐶𝐶𝐶𝐶− + 𝐻𝐻𝐻𝐻𝐻𝐻3−) are repre-
sented in the diamond. The triangle diagrams show the proportions of cations and anions 
separately. Figure 12 shows the classification of (Furtak and Langguth 1967).  

 
Figure 12: Piper Plot (Piper 1944) with classification after (Furtak and Langguth 1967). 
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3.2.6.3.4 Product moment correlation 

The correlation is suitable for uncovering pairwise relationships of the variables 𝑥𝑥 and 𝑦𝑦 be-
tween (𝑛𝑛) several observations. The correlation coefficient r describes the strength and di-
rection of a relationship numerically and is defined as: 

𝑟𝑟𝑥𝑥,𝑦𝑦 =  
𝑛𝑛 ∑𝑥𝑥𝑥𝑥 − ∑𝑥𝑥∑𝑦𝑦

�[𝑛𝑛∑𝑥𝑥2 − (∑𝑥𝑥)2][𝑛𝑛∑𝑦𝑦2 − (∑𝑦𝑦)2]
 

 

Equation 3: Correlation 

Since the correlation coefficient is symmetrical, it does not matter which variable is chosen 
first and which second: 𝑟𝑟𝑥𝑥,𝑦𝑦 =  𝑟𝑟𝑦𝑦,𝑥𝑥. It is normalized and gives values from −1 ≤ 𝑟𝑟 ≤ 1. A 
value 𝑟𝑟 close to 1 represents a strong relationship, a value close to 0 a small one or no rela-
tionship. The sign indicates the direction of the correlation. In a correlation with 𝑟𝑟 =  ± 1, 
the linear relationship exists: 𝑦𝑦 =  𝑎𝑎𝑎𝑎 + 𝑏𝑏. Since the method only measures linear depend-
encies, independence cannot be automatically inferred from no correlation (i.e. 𝑟𝑟 =  0). 
However, if there is a correlation between two variables 𝑥𝑥 and 𝑦𝑦, this can be interpreted in 
the following causal sense:  

• 𝑥𝑥 influences 𝑦𝑦 causally 
• 𝑦𝑦 influences 𝑥𝑥 causally 
• 𝑥𝑥 and 𝑦𝑦 are causally influenced by one or more other variables  
• 𝑥𝑥 and 𝑦𝑦 influence each other causally.  



Stable isotopes of hydrogen and oxygen in water  18 of 91  

 

4 Stable isotopes of hydrogen and oxygen in water 
The composition of the stable isotopes of water (δ2H and δ18O) act as an ideal conservative 
tracer of water sources and mixing processes (Yurtsever and Gat 1981; Joussaume et al. 
1984; Rozanski et al. 1993; Bowen and Revenaugh 2003; Terzer et al. 2013; Stumpp et al. 
2014; Galewsky et al. 2016). Isotope patterns are a powerful tool which can give insights 
into natural hydrological processes, such as evaporation (Craig and Gordon 1965; Gibson et 
al. 2016) and transpiration (Dongmann et al. 1974; Helliker and Ehleringer 2000) over large 
spatial and/or temporal scales (West et al. 2009).  

Choosing the oceanic reservoir as a starting point of the hydrologic cycle, evaporation of iso-
topically relatively uniform ocean water enriches the resulting water vapour in light iso-
topes. Condensation of this water vapour in clouds during formation of rain is assumed to be 
an isotopic equilibrium process, which only depends on temperature. Consequently, the iso-
topic composition of precipitation is subject to several effects that mostly depend on the 
temperature during condensation. They include the altitude effect, the latitude effect, and 
seasonality. It also correlates with travel distance, and thus continentality because of Ray-
leigh fractionation during subsequent rainout events (Clark and Fritz 1997; Gat 2000). On a 
global scale, these effects average the isotope abundance of oxygen and hydrogen in precipi-
tation to a linear relationship, which has been termed the Global Meteoric Water Line 
(GMWL) and defined by Craig (1961) as: 

𝛿𝛿2𝐻𝐻 =  8 ∗ 𝛿𝛿18𝑂𝑂 + 10‰ 

Equation 4: GMWL defined by Craig (1961) 

and was later specified by Rozanski et al. (1993) as: 

𝛿𝛿2𝐻𝐻 =  8.13 ∗ 𝛿𝛿18𝑂𝑂 + 10.8‰ 

Equation 5: GMWL specified by Rozanski et al. (1993) 

To reduce the number of effects that have to be taken into account during the evolution from 
ocean water to precipitation, Dansgaard (1964) introduced the concept of a deuterium ex-
cess value (d) (see chapter 5.1.1), which ideally should not be altered by isotope equilibrium 
effects. 

It is defined as 

𝑑𝑑 =  𝛿𝛿2𝐻𝐻 − 8 ∗ 𝛿𝛿18𝑂𝑂 

Equation 6: d-excess 

and can be visualized as the intercept of a line with slope 8 which crosses the given isotope 
pair in a dual isotope plot of δ18O vs. δ2H. Thus, the GMWL connects points of d = 10 ‰. 
Evaporation as a non-equilibrium process is generally assumed to be the major modifier of 
d-values, allowing direct comparison of oceanic water vapour and moisture precipitating 
from clouds (Merlivat and Jouzel 1979). On large scales and assuming a closed water cycle, 
d-values of average oceanic water vapour are mainly controlled by relative humidity (RH) 
and sea surface temperature (SST). Precipitation along the GMWL is generated for RH and 
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SST values of 85 % and 25 °C, respectively (Clark and Fritz 1997). Based on the closure as-
sumption of the water cycle, simple linear relationships between d and RH, and d and SST 
were introduced to use source values of d as a ‘fingerprint’ to trace water in the atmosphere 
up to its point of rainout (Rindsberger et al. 1983; Johnsen et al. 1989; Pfahl and Sodemann 
2014).  

An example for one of these linear relationships at the location of evaporation is expressed 
as 

d = 0.33 ‰
°𝐶𝐶�  ∙ SST – 0.44 ‰

%� ∙ RH + 37‰ 

Equation 7: Relationship between SST, RH and d 

with d in ‰, SST in °C, and RH in % (Aemisegger et al. 2014). 

Note that after the condensation of water vapour in clouds, rain droplets can be subject to 
additional evaporation during their fall through a warm and dry air column which shifts 
their d-value from its original vapour composition (Friedman et al. 1962; Stewart 1975). 
This effect is more pronounced for small rain amounts and can be accounted for if precipita-
tion amount weighted d-values are considered (Lee and Fung 2008). These theoretical ba-
sics enable applications to estimate contributions of recycled inland water to precipitation 
(Froehlich et al. 2008; Aemisegger et al. 2014; Parkes et al. 2017). They may also discern and 
compare meteorological patterns (Liotta et al. 2006; Guan et al. 2013), and enable the paleo-
climate interpretation of ice cores (Jouzel et al. 1982; Steffensen et al. 2008). 

Some of the highest natural deuterium excess values in precipitation have been recorded in 
the Mediterranean, with maximum long-term mean values of 22 ‰ (Gat and Carmi 1970). 
High d water vapour is produced when cold dry air from the surrounding continents inter-
acts with the warm Mediterranean seawater and enhances isotope fractionation during 
evaporation (Gat and Carmi 1970; Gat et al. 1996). This high d signal is transported east-
ward, mainly by prevailing westerlies. Extending from countries with direct contact to the 
Mediterranean, several studies from countries further away refer to Mediterranean mois-
ture as an explanation of unusually high d-values in precipitation and surface waters. These 
include studies from Syria (Kattan 1997; Al Charideh and Abou Zakhem 2010), Jordan (Ba-
jjali 2012), Saudi-Arabia (Alyamani 2001; Michelsen et al. 2015), Iraq (Hamamin and Ali 
2013; Ali et al. 2015), Iran (Osati et al. 2014; Parizi and Samani 2014), Pakistan (Hussain et 
al. 2015), Tajikistan (Liu et al. 2015a), northern India (Jeelani et al. 2013; Jeelani et al. 2017), 
and western China (Yao et al. 2013; Wang et al. 2015). Moreover, the moisture source of pre-
cipitation in Central Asia was discussed by several studies, which identified several air travel 
pathways and identified Mediterranean moisture as one of the potential main sources for 
precipitation in Central Asia (Aizen et al. 1995; Kreutz et al. 2003; Tian et al. 2007) while 
other studies identified the Indian Ocean as another major moisture source (Aizen et al. 
1996; Karim and Veizer 2002; Jeelani et al. 2017). Additional proposed pathways include po-
lar air masses (Tian et al. 2007) and more continental Westerlies (Aizen et al. 1996; Meier et 
al. 2013; Pang et al. 2014). 
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However, the global network for isotopes in precipitation (GNIP), which was established 
from the International Atomic Energy Agency (IAEA) together with the world meteorologi-
cal organization (WMO) and that provides long-term isotope signals in precipitation over 
large parts of the world, possesses an almost blank spot on the map in the Central Asian 
mountains, especially just here in the Pamirs (Araguás-Araguás et al. 1998).  

To cover this gap and to understand the controls of precipitation and different runoff com-
ponents in the Tajik Pamir we have undertaken a stable isotope study in an exemplary 
drainage basin (river Gunt; Figure 13) in the headwaters of the Amu Darya. 

 
Figure 13: Location of all sampling stations for δ18O and δ2H analysis. 

This chapter offers an insight into stable isotope patterns of surface water and precipitation 
in the Pamir Mountains and approaches to governing the processes responsible so that we 
can delineate the different origins of water which contribute to the hydrological regime. 

4.1 Precipitation1 

The precipitation, which is an important initial parameter for the isotopic composition of 
waters in the catchment area, shows that it comes from various wind systems (westerly 
winds, monsoons, southern cyclones). Deuterium excesses in precipitation of more than 
10 ‰ indicate precipitation by re-evaporation and thus an origin in the Caspian and/or 
Mediterranean Sea. Within the catchment area, the surface water samples from the sub-ba-
sins can be grouped according to the deuterium surplus in their waters. This reinforces the 
assumption that different wind systems have different influences. 

                                                           
1This work was published as Juhlke et al. 2019; Juhlke, T. R. and Meier, C. contributed equally to this work. 
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4.1.1 Results of stable isotopes (δ18O and δ2H) in precipitation 

4.1.1.1.1 Monthly integrated samples 

The results of monthly integrated samples for oxygen and hydrogen stable isotopes are 
shown in a dual isotope plot of δ2H against δ18O (Figure 14). Values for δ18O range between –
24.4 ‰ and –2.0 ‰, whereby minimum values are reached in the cold season (boreal win-
ter), while maximum values were observed during warm season (boreal summer) (Appen-
dix Table 2). The Local Meteoric Water Line (LMWL) calculated from the samples (Figure 
14) has the following equation (Equation 8), which is quite similar to the GMWL (Equation 
4): 

δ2H = 8.1(±0.1) ∙ δ18O + 13.6(±1.8) ‰. 
Equation 8: LMWL 

As outlined in the introduction, several effects occurring during transport of atmospheric 
moisture and rainout have an impact on the isotopic composition of any precipitation sam-
ple. Therefore, the detailed discussion is limited to the deuterium excess parameter, which 
should be less affected by these processes and thus a better indicator for moisture transport. 

 
Figure 14: Dual isotope plot of δ2H against δ18O (VSMOW) for monthly integrated isotope samples of the West-

ern Pamir Mountains. Grey dotted line is the Global Meteoric Water Line (GMWL, see Equation 5). 
Black solid line is the Local Meteoric Water Line (LMWL) as calculated from the samples. 

In order to cope with the coarser temporal resolution of integrated precipitation samples, 
their d-values are compared to monthly d averages of isotope precipitation monitoring sta-
tions along the route of commonly assumed air travel pathways. This comparative data was 
taken from the GNIP database and additional literature studies (see chapter 5.1.6.2).  

All isotope data were clustered and subdivided into ten regional classes based on their geo-
graphical position: W Mediterranean, E Mediterranean, Levant, Middle East, Caspian Sea, Po-
lar, Persian Gulf, N India, Kabul & Kashmir, and Western Pamir (Figure 15). From monthly d-
values for all stations in one class, two types of averages were calculated for each month: the 
arithmetic mean d�  𝑚𝑚 
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d�  m = 
∑ d m

n
 

Equation 9: arithmetic mean 

and the precipitation amount-weighted arithmetic mean d�  p, m 

 

d�  p, m = 
∑(dm ∙ pm)
∑ pm

 

Equation 10: amount-weighted arithmetic mean 

where d m is the d value of month m for one regional class, p m is the precipitation amount, 
and n is the number of monthly values. This approach will unveil similarities and differences 
concerning extreme values of d and their seasonal distributions. 

 

 
Figure 15: Map of GNIP stations (larger symbols) and additional data (smaller symbols) used for calculation of 

regional deuterium excess averages. Grey stars show sampling sites of this study in the Western Pamir 
Mountains. 

The monthly d-values of the precipitation samples collected in the Gunt catchment and addi-
tional data associated with each of the ten regional classes are summarized in Figure 16 



Stable isotopes of hydrogen and oxygen in water  23 of 91  

 

 
Figure 16: Monthly deuterium excess (d) values for regional classes, corresponding to stations in Figure 15. 

Plots are arranged in their respective geographic setting. Solid lines are precipitation amount weighted 
d-averages (Equation 10), dashed lines are non-weighted arithmetic means (Equation 9). The dotted 
line in the “Kabul and Kashmir” subplot is the non-weighted arithmetic mean of the Kashmir valley af-
ter Jeelani et al. (2017). Sample size is shown in lower left corner of each subplot. 

The first region to consider along the proposed W–E transect is the Western Mediterranean. 
Stations in this region have an average deuterium excess of 10 to 12 ‰ in the cold season 
and around 3 ‰ in the warm season (Figure 16). The seasonal evolution is a smooth sinus-
oidal course between those two extremes. The differences between precipitation weighted 
and non-weighted averages increase from 1 ‰ in the cold season to 3 ‰ in the warm sea-
son. 

This seasonal pattern continues in eastward direction in the eastern Mediterranean and Le-
vant where cold season values reached 17 and 22 ‰, respectively (Figure 16). Warm season 
values scatter around 6 to 7 ‰, which results in a more pronounced seasonal oscillation in 
the Levant region when compared with the eastern Mediterranean. For July and August, no 
monthly isotope values were recorded in the Levant region because of the absence of rain.  

Precipitation amount-weighted to non-weighted differences increase from cold to warm sea-
sons in the eastern Mediterranean. However, these differences decrease in the Levant re-
gion. For all those three Mediterranean-influenced regions, the spatial and temporal resolu-
tion of isotope data is very good and averages of d-values can be assumed to be representa-
tive for their respective region. 

The Middle East region (for extent of this region as defined in this study see Figure 15) is 
dominated by data from the GNIP station at Teheran (Iran), while additional measurements 
are mainly single monthly values from various sampling sites in Iraq (Figure 15). The sea-
sonal variations of d-values are similar to the regions located to the west (W and E Mediter-
ranean, Levant) described above (Figure 16), however, they show more variable values for 
late summer due to low volume sample sizes. An approximate difference between cold and 
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warm seasons of about 15 ‰ in d-values is comparable to the seasonal differences in the Le-
vant region. The Middle East absolute values range from about 0 to about 17 ‰ (Figure 16), 
while d-values observed in Levant range from ~7 to ~22 ‰. 

South of the Middle East region landmass, the Persian Gulf acts as a moisture source for 
passing air masses. In this region, the only available GNIP station of Bahrain exhibits d-val-
ues between 19 ‰ in the cold season and 7 ‰ at the beginning of the warm season (Figure 
16). A strong difference between precipitation-weighted and non-weighted d averages was 
found here. Moreover, in summer, absence of precipitation leaves a gap in the d-record. In 
general, the seasonal d-value patterns of the region around the Persian Gulf are comparable 
to the d-values of the Middle East region. Following the transect further eastwards, a distri-
bution between cold and warm seasons similar to the Mediterranean can also be observed in 
the GNIP station of Kabul (Afghanistan). This is also reflected in precipitation samples of Jee-
lani et al. (2017) that were collected from the Kashmir Valley (India), with high d-values of 
~21 ‰ in the cold season and low values of 3 to 7 ‰ in the warm season (Figure 16). The 
d-values of stations in Northern India are less variable than those of stations described so 
far, with a minimum-maximum difference of around 8 ‰ (Figure 16). Precipitation 
weighted-values generally decrease from January with 14 ‰ to 6 ‰ in June. From July to 
October d-values are stable around 8 ‰. A notable difference between precipitation 
weighted and unweighted averages can be observed from March to June.  

Stations that were assigned here to the Polar class show d-values between 4 and 10 ‰ (Fig-
ure 16). Contrary to the seasonal distribution pattern with a single summer minimum that is 
observed eastward from the Mediterranean, this Polar class has two minima in February 
and July with low d-values around 4 ‰. A first maximum is found in April with around 7 ‰. 
From July to November d-values steadily increase to a second peak of ~10 ‰. Two stations 
to the northwest of the Pamir Mountains were assigned to the Caspian Sea class, that exhibit 
a similar seasonal evolution when compared to the Polar class stations. However, they show 
increased amplitudes with minimum and maximum values of 2 ‰ and 10 ‰ in June and 
November (Figure 16). Integrated samples (unweighted monthly means here) from the 
Western Pamir Mountains display d-values between 9 and 19 ‰ (Figure 16). Note that Sep-
tember values are missing, because of lack of precipitation. A first maximum in March of 
~19 ‰ is followed by a steady decrease to 9 ‰ in July. Another peak of around 17 ‰ is ob-
served in August. December holds another minimum around 9 ‰, after which values in-
crease until March. 

4.1.1.1.2 Possible moisture uptake along air mass trajectories 

d-values of event samples are more easily allocated to specific air travel pathways via com-
puted backward air mass trajectory models, such as HYSPLIT (Stein et al. 2015). The neces-
sary user input for these trajectory models consists of a location and a date of the associated 
precipitation event. From gridded meteorological data, such as the Global Data Assimilation 
System (GDAS) (NOAA 2018), HYSPLIT computes regularly spaced data points along trajec-
tories which include additional parameters such as elevation of the air parcel, specific hu-
midity of the air parcel and elevation of the planetary boundary layer (PBL). These parame-
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ters can be used to categorize the resulting trajectories into the wedge-shaped or radial re-
gional classes that were pre-defined to represent areas of possible moisture origin. Note that 
classes for integrated and event samples are not necessarily identical. They may differ in 
shape, where classes for integrated samples form proximity-related clumps of stations and 
event sample classes are radial sectors with the sampling site as centre. The classes of inte-
grated monthly samples aggregate multiple, spatially close station and represent the regions 
where precipitation collection took place. Event samples were divided into classes that cor-
respond to possible main moisture sources. They are wedge shaped due to the central start-
ing point of the calculated trajectories. 

Four of the 89 events that were sampled at Khorog and Navabad in the Western Pamir 
Mountains showed d-values below -10 ‰, which hints at sample alteration (Michelsen et al. 
2018). These events were excluded from further calculations. For the remaining 85 single 
precipitation events, backward air mass trajectories were calculated for each location with 
the Hybrid Single-Particle Lagrangian Integrated Trajectory model (HYSPLIT) of the Na-
tional Oceanic and Atmospheric Administration (NOAA) Air Resources Laboratory (Stein et 
al. 2015; Rolph et al. 2017). GDAS1 grids with 1°x1° resolution from the National Oceanic 
and Atmospheric Administration and National Centers for Environmental Prediction 
(NOAA/NCEP) were used as meteorological input data. Starting times for the trajectories 
were chosen in accordance with precipitation records of the United States Air Force (USAF) 
station in Khorog (Tajikistan; station ID 389540). The time period for all trajectories cov-
ered by this model was set to seven days, and hourly data points along the backward trajec-
tories were produced. In order to follow the specific air mass that produced precipitation at 
the sampling site, the trajectory starting altitude should correspond to the altitude of the 
rain clouds during sampled events. Since this cloud altitude was not measured, eight differ-
ent trajectory starting altitudes were used as inputs with 150, 300, 500, 1000, 1500, 2000, 
2500, and 3000 meters above ground level, thus generating eight trajectories per event. In 
order to select one of the eight starting altitudes for further evaluation, the evolution of spe-
cific humidity along each trajectory was assessed. For air mass altitudes below the height of 
the PBL derived from the HYSPLIT model, an increase in specific humidity was assumed to 
correspond to evaporation from the underlying ground area, and a decrease in specific hu-
midity was assumed to correspond to precipitation (Bottyán et al. 2017). For air mass alti-
tudes above the height of the PBL, humidity changes were assumed to be not due to ground 
surface interaction and consequently ignored. From the eight trajectories per event, the one 
with the largest sum of specific humidity increase below the PBL height along a trajectory 
was selected. This selection ensured that the trajectory that represents one precipitation 
event has a history of maximum moisture uptake and thus is regarded as the most repre-
sentative for the sampled precipitation (Bottyán et al. 2017). To evaluate the origin of mois-
ture in these 85 selected trajectories, radial regional classes around the precipitation collec-
tion site were constructed (Figure 17). Each trajectory was allocated to one of these radial 
classes. The class boundaries were chosen to include larger bodies of surface water that may 
act as moisture sources (Mediterranean Sea, Caspian Sea, and northern Indian Ocean). If a 
trajectory crossed areas of several classes, it was associated with the class where most of the 
moisture entered the air parcel according to the model. Since the boundaries of the con-
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structed wedge-shaped classes all converge to the sampling locations in the Pamir Moun-
tains, a correct classification of air parcels that receive their moisture close to the sampling 
site is difficult. For this reason, an additional ‘local’ class was defined for air parcels that re-
ceived most of their moisture in close proximity (<3° distance, ≈300 km) to the sampling 
sites. Further classes were introduced, because some trajectories originated, and had their 
moisture uptake, outside the reasonable boundaries of the area of the radial classes. This 
eventually resulted in 9 classes: Polar, Caspian Sea, Mediterranean, Persian Gulf, N Indian 
Ocean, Local, Africa, W Atlantic, and E Atlantic (Figure 17). 

 

 
Figure 17: Map of air mass trajectories leading up to rain events in the Western Pamir Mountains. Different 

classes of moisture origin are color-coded. Small insert displays long distance trajectories. 

The calculated air mass trajectories leading up to each sampled rain event in the Western 
Pamir Mountains are shown in Figure 17. Note that none of the calculated trajectories for 
the sampling sites arrived from an eastern direction. Some of the trajectories had the major-
ity of their moisture uptake and their origin beyond the reasonable boundaries of the radial 
classes introduced in the methods section. These six long-distance trajectories (Figure 17, 
small box; Figure 18a) include pathways with main moisture uptake over the northeastern 
Atlantic Ocean in January, from the western Atlantic Ocean in March, and from northern Af-
rica in January and December. 
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Figure 18: Statistics of air mass trajectories. a) Number of trajectories per month that had the majority of their 

moisture uptake in the area of a certain class. b) Monthly percentage of the total amount of specific 
humidity that arrived at the measurement site via the calculated trajectories. 

Statistics of events or trajectories per class and month are shown in Figure 18a. January 
holds the annual maximum of 25 sampled precipitation events, while June to October was 
dry and no precipitation was collected. Events assigned to the N Indian Ocean class are most 
frequent in January with a decrease in spring and an increase from November to January. If 
the Persian Gulf and the Mediterranean class are combined, they show a similar distribution, 
but with a maximum of precipitation events in March. Polar and Caspian Sea class precipita-
tion events are rare and only obvious in late spring. Figure 18b was generated using the spe-
cific humidity information along the trajectories. 

It is assumed that an increase in specific humidity below the PBL corresponds to additional 
moisture uptake from the ground surface along the pathway of transported water vapour. 
Consequently, each point along the trajectories, where an increase in specific humidity is de-
tected, is considered an additional source for the precipitation at the sampled rain event. For 
the month of January, the increase in specific humidity of all points of one class was added 
up. This sum of specific humidity increase of one class was expressed as a percentage rela-
tive to the sum of specific humidity increase of all classes, during the month of January. This 
operation was repeated for each month and enables to untangle the moisture contribution of 
the different classes to precipitation at the sampling site. Moisture contribution of the N In-
dian Ocean class varies between 15 and 60 %. The sum of Persian Gulf and Mediterranean 
moisture fluctuates between 20 and 40 %. Moisture from the Caspian Sea and Polar class 
each has maximum contributions of 15 %. Each trajectory eventually leads up to a rain 
event, for which the d-value was calculated according to Equation 6. The d-values of the 
Western Pamir Mountain rain events are summarized as monthly boxplots in Figure 19a. In 
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order to compare different classes and to retain a seasonal resolution, an average of d-values 
for each month and class was calculated. Thus, Figure 19b shows one point per class for each 
month, if at least one trajectory was assigned to this class.  

 
Figure 19: Deuterium excess of rain events at the termination of air mass trajectories. a) Boxplot of all event 

samples (whiskers end at last values inside 1.5 IQR), including sample size for each box at the top axis. 
b) Monthly averages for event samples of every class. For number of trajectories per plot symbol refer 
to Figure 18a. Dashed line represents monthly d-values of the Western Pamir class of monthly-inte-
grated samples (see grey plot of Figure 16), dotted line represents monthly average of all event values. 

4.1.2 Discussion of stable isotopes (δ18O and δ2H) in precipitation 

4.1.2.1.1 Monthly averaged-values 

The evolution of d-values along the considered transect from the Mediterranean to Central 
Asia is initiated by Atlantic moisture, which arrives at the western Mediterranean. In winter, 
the deuterium excess of 10 to 12 ‰ is near the value of the GMWL and consistent with aver-
age moisture produced over the Atlantic Ocean (Dansgaard 1964). Additional local moisture 
from evaporated water of the Mediterranean Sea strongly depends on the season. The at-
mospheric conditions during the cold season favour the formation of water vapour with 
higher d-values, when cold and dry air from the continent prevails (Gat and Carmi 1970; 
Rindsberger et al. 1983; Liotta et al. 2006). In the warmer season more humid air prevents 
high d-values. Additionally, warm season sub-cloud evaporation of falling water droplets en-
hances d-value decrease, which results in even lower d-values (Stewart 1975). This trend 
manifests itself in positive deviations of precipitation-weighted from non-weighted monthly 
averages, because lighter rain events, which increasingly suffer from sub-cloud evaporation, 
contribute less to precipitation-weighted averages. The general increase of d-values in pre-
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cipitation from the western to the eastern Mediterranean is consistent with the meteorologi-
cal evolution, where air becomes drier the further eastwards it moves. The warmer season 
d-values in the eastern Mediterranean are comparable to the western Mediterranean, 
whereas winter values increase eastward. This winter increase is due to stronger evapora-
tion in the eastern, more enclosed part of the Mediterranean basin. There, continental influ-
ences of cold, dry air are increased (Gat and Carmi 1970). This can also be observed in the 
residual seawater that undergoes a d-value shift from ~ –3 ‰ in the western Mediterranean 
to ~ –5 ‰ in the eastern Mediterranean. As local seawater serves as a source for precipita-
tion, this shift is also transposed to the rainout trajectories.  

Compared to the Mediterranean, the Levant region is subject to increased continental influ-
ence with warmer summers and colder winters (Kalnay et al. (1996); their long term 
monthly mean temperature data), which increases the overall d-value together with its sea-
sonal amplitude.  

In the Middle East this trend does not continue, which can result from various influences. 
First, mixing of Mediterranean moisture with other less-enriched moisture sources (e.g. 
Black Sea; International Atomic Energy Agency (IAEA) (2005)) can account for a decrease in 
average d-values. Second, another important factor is the lower relative humidity compared 
with the Eastern Mediterranean that can induce a more pronounced sub-cloud evaporation. 
Notably smaller rain amounts in the Middle East also increase this observable effect of the 
amount driven sub-cloud evaporation.  

In the Persian Gulf, the GNIP station in Bahrain is dominated by dry air, which is also mani-
fested by missing summer precipitation and large differences between amount-weighted 
and averaged d-values. These d-values are similar to those of the Eastern Mediterranean; 
however, the seasonal evolution does not show the smooth sinusoidal evolution of the Medi-
terranean stations and is noisier. One potential interpretation is that nearby local evapora-
tion of Persian Gulf seawater plays a major part in the precipitation of this station. Further 
possible influences of moisture from the Indian Ocean were proposed by (Rizk and Alshar-
han 2003). 

In Northern India, the seasonal distribution pattern of d-values differs clearly from the sim-
ple sinusoidal trough-peak distribution of the Mediterranean. Since India is strongly influ-
enced by air from the Indian Ocean, the seasons in this region differ from European ones and 
are comprised by winter, summer, monsoon, and post-monsoon season. The generally in-
creased d-values in winter have been interpreted as of Mediterranean or generally western 
origin from where moisture is transported eastward by so-called Western Disturbances. 
These wind patterns are extra-tropical cyclones (Dimri et al. 2015; Dimri and Chevuturi 
2016) in high-altitude air masses (Jeelani et al. 2017). The warm season from March to June 
is hot and dry, a fact that causes decreasing d-values and a more pronounced sub-cloud 
evaporation effect. During the monsoon season from July to September d-values are stable 
around 8.5 ‰ and no difference between amount-weighted and non-weighted could be ob-
served. This is due to heavy rainfall events that saturate the air quickly with moisture and 
prevent pronounced sub-cloud evaporation (Peng et al. 2005).  
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The GNIP station in Kabul and a site in the Kashmir valley (Jeelani et al. 2017), both located 
south of the Pamir Mountains, are located at the crossway of proposed Mediterranean and 
Monsoon air mass influences. Cold season values can be ascribed to moisture of Mediterra-
nean origin with a high probability due to the extreme high d-values of around 20 ‰. 
Around July, monsoon and Mediterranean precipitation both show similar values and cannot 
be differentiated from monthly d-values. As a result, the overall annual d-value pattern is 
more similar to Mediterranean stations than to Indian ones (Figure 16). 

GNIP stations to the North and Northwest of the sampling site (Caspian Sea and Polar class 
in Figure 16) are located in cooler and more continental settings. Stations in both regions ex-
hibit a similar seasonal d-value distribution. Their seasonal amplitude is smaller compared 
to more maritime stations and below 10 ‰ year-round. 

The seasonal evolution in the Western Pamir Mountains is not so obvious with respect to the 
possible influence of the discussed sources or transit paths. The shape of the seasonal distri-
bution in the Western Pamir is different from the simple sinusoidal trend westward and in 
Kabul and Kashmir (Figure 16). The annual weighted average of d of 13 ‰ is higher than 
the 10 ‰ of average global precipitation, which suggests influence of enriched moisture. 

From October to February, during the cold season, values range between 10 and 12 ‰, with 
the exception of 15 ‰ in November. This is lower than the cold season values for the East-
ern Mediterranean, and regions eastward, and suggests a divers and not exclusively Medi-
terranean moisture origin. The d-values of March and August are positive outlier with 19 ‰ 
and 17 ‰. Similar positive excursion could be observed in Bahrain in March, albeit only 
reaching 13 ‰, and in Kabul in August with 20 ‰. However, a causal connection between 
these month-long irregularities is highly speculative. During summer months, d-values de-
crease to a range between 8 and 9 ‰ in July that are comparable to the Kashmir Valley and 
Northern India during the monsoon season. Northern moisture with year-round d-values be-
low 10 ‰ does not seem to exert significant influences on those in the Western Pamir 
Mountains with d-values above 10 ‰ during most of the year. 

4.1.2.1.2 Event trajectories 

Air mass trajectories give a good indication from where the moisture for a specific precipita-
tion event originated. During the sampled period, a dry period from June to October made it 
difficult to analyse general year-round source variabilities. For the rest of the year, however, 
moisture sources were variable (Figure 18). Most of the time, moisture from each sector 
contributed to precipitation in the Pamir Mountains. 

Long-distance trajectories from Africa or the W Atlantic occurred with a higher frequency in 
December and January (Figure 18a). This can be due to the prevailing west wind zone in 
temperate latitudes during winter, where air can be transported westward over long dis-
tances. The accompanying d-values are diverse and range between 0 ‰ and 18 ‰. They 
also do not show a seasonal trend (Figure 19b). Because of the low number of occurrences, 
d-values of the long-distance trajectories are not further discussed here. Moisture from 
northern and northwestern areas arriving in the Western Pamir Mountains could mainly be 
detected from March to May (Figure 18). In March, moisture from the Caspian Sea class has 
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slightly negative d-values (Figure 19b). The evolution to May with notably increasing d-val-
ues is consistent with average air temperature and relative humidity. 

Temperatures near 0 °C and high relative humidity keep d-values near 0 ‰ in winter. Dur-
ing spring, temperatures increase and the air becomes drier. This in turn increases the d-
value of evaporated Caspian Sea water as well as the possible contribution of recycled water 
from soils and other surface water bodies. 

The contribution of N Indian Ocean moisture decreases from January to May from around 
60 % to 20 %, which can result from the hot and dry Indian summer season climate around 
March, April, and May (Figure 18b). Another hint to this Indian summer dryness are the no-
tably lower d-values of ~5 ‰, compared to 9 to 13 ‰ in the cold season (Figure 19b). 

After the monsoon season, air from the N Indian Ocean adds increasingly more moisture and 
dominates the winter months in the Western Pamir Mountains. Additionally, the d-averages 
of monthly integrated samples (dashed lines, Figure 16 Western Pamir plot, and Figure 19b) 
compare relatively well with the averages of event samples from the N Indian Ocean (green 
diamonds, Figure 19b) during November, December, and January, which also points to a cold 
season dominance of N Indian Ocean moisture. 

Mediterranean and Persian Gulf moisture do not show a simple distribution concerning the 
contribution to the total amount of specific humidity in the Western Pamir Mountains. If 
both are summed up and subsequently interpreted as ‘western’ moisture, an increase from 
January to April and a subsequent decrease to May can be found (Figure 18b). In December, 
January, and February, moisture contributions from ‘western’ classes were as low as 20 to 
30 %, while a maximum of around 40 % occurred in March and April. This observation is in 
contrast to several other studies in the wider region (Aizen et al. 1995; Kreutz et al. 2003; 
Tian et al. 2007), where Mediterranean moisture is often proposed to be a major source of 
precipitation and influences d-values during winter months. Especially in the notch formed 
by Himalaya and Hindu Kush Mountains, Western Disturbances contribute to the formation 
of a low pressure area in winter, resulting in precipitation events enriched in the heavy iso-
topes 18O and 2H (Lang and Barros 2004).  

Regions on the southern flank of the Hindu Kush and Karakoram Mountains receive more 
Mediterranean moisture, which is indicated by high d-values of around 20 ‰ in the cold 
season (Figure 16, Kabul and Kashmir region).  

The Western Pamir Mountains seem to be less influenced by these high d-values of Mediter-
ranean origin. This tendency is even clearer when the type of precipitation in the Western 
Pamir Mountains is considered. In contrast to rain, snow formation in clouds happens under 
non-equilibrium conditions (Lamb et al. 2017) and tends to elevate the d-values of the re-
sulting snow above the water vapour it was formed from (Jouzel and Merlivat 1984; Uemura 
et al. 2005). Thus, snow samples derived from Mediterranean moisture should show even 
higher d-values. Since at least part of the precipitation during the winter months falls in the 
form of snow, a connection to high d-values of Mediterranean origin should be expected to 
be expressed more clearly. 
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Precipitation events that were assigned to the ‘local’ moisture source class represent mois-
ture from within 3° radial distance. The d-values of these events are in the same range as N 
Indian Ocean and western moisture (Figure 19b). 

Moisture from the proximity of the measurement stations ultimately also originates from 
evaporated vapour of different seas. Therefore, a comparison between its d-value and those 
of other source area classes can help to understand the moisture source of a wider region. In 
November, local moisture is a major contributor (Figure 18b) with low d-values (Figure 
19b). From December to February, ‘local’ d-values are in the range of N Indian Ocean values. 
This changes from February to April when they resemble western d-values more closely. 
This behavior correlates well with the seasonal specific humidity contribution, where most 
moisture stems from the N Indian Ocean in December and January, and western moisture 
takes the lead in March. Over the course of the year, d-values of the ‘local’ class are closely 
related to the overall average of event samples (dotted line in Figure 19b). This indicates 
that moisture in the 3° proximity to the sampling stations is well represented by the average 
of all discussed moisture sources at the sampling site. This shows that the sampled precipi-
tation events are representative of a wider region. 

4.2 River water2 

4.2.1 Results of stable isotopes (δ18O and δ2H) in river water 

The distribution of the δ2H and δ18O values of the Gunt river and its tributaries is shown in a 
common δ2H-δ18O plot in Figure 20. The δ2H and δ18O values are in the range of -136.3 ‰ to 
-92.6 ‰ for δ2H and -18.5 ‰ to -13.2 ‰ for δ18O, respectively (Appendix Table 4). In their 
mean, the monitoring data from samples of the western part of the catchment show a wider 
range in δ2H (from −136.3 ‰ to −97.6 ‰) and δ18O values (from −18.5 ‰ to −14.3 ‰), 
than in the higher elevations of the eastern basin at the plateau area around the lake Yash-
ilkul (δ2H: −125.9 to −118.0 ‰, δ18O: −16.6 to −15.3 ‰). These low stable isotope values 
are in the ranges typical for high mountainous regions, as observed for example in the Andes 
(Stern and Blisniuk 2002; Ohlanders et al. 2012), the Himalaya (Pande et al. 2000) or Mount 
Kenya as well as Kilimanjaro (Niewodniczanski et al. 1981). A short summary of the mean 
δ2H and δ18O values is given in Table 1. Herein, data is divided into samples from the main 
stream, from tributaries that have a flow direction from north to south (northern tributar-
ies) and from south to north (southern tributaries), respectively. The plateau area includes 
all samples that were taken from streams flowing in the plateau region and lake water. 

 
Table 1: Short summary of distribution of δ2H and δ18O values in water samples of the Gunt catchment. Rea-

sons for differentiation into main stream, northern tributaries, southern tributaries and plateau are 
given in the text. 

                                                           
2 This work was published as Meier et al. 2013. 
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The different river water samples indicate a regression line given by Equation 11 for the 
tributaries and Equation 12 for the Gunt river 

δ2H = 8.7(±0.1)*δ18O + 26.3±1.7 ‰ with R² = 0.92 and n = 580 
Equation 11: regression tributaries 

δ2H = 5.1(±0.3)*δ18O – 37.4±5.2 ‰ with R² = 0.38 and n = 393. 
Equation 12: regression main stream 

It is obvious that both the slope and the intercept of the tributaries’ regression line are 
higher than those of the Global Meteoric Water Line (GMWL) (Equation 4). 

Water type δ18O 
(‰)

δ2H
(‰)

d excess 
(‰)

Number of 
samples (n)

Main stream Min -17.4 -129.5 3.0 393
Max -15.1 -106.2 18.1

Mean -16.2 -119.3 10.1
Northern tributary Min -17.4 -127.9 8.1 294

Max -13.2 -92.6 26.8
Mean -15.2 -106.1 15.8

Southern tributary Min -18.5 -136.3 8.0 286
Max -14.5 -102.1 27.5

Mean -16.1 -115.6 13.3
Plateau Min -16.6 -125.9 4.1 6

Max -15.3 -118.0 7.5
Mean -16.0 -122.3 6.0

total Min -18.5 -136.3 3.0 998
Max -13.2 -92.6 27.5

Mean -15.9 -116.4 12.1
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Figure 20: δ2H-δ18O-Plot showing isotope values of the Gunt river and its tributaries vs. the Global Meteoric Wa-
ter Line. Purple diamonds = main stream (Gunt river) water samples; green squares = northern tributar-
ies; blue squares = southern tributaries; black bold line = Global Meteoric Water Line (GMWL); thin lines 
= regression lines for the two main sampling classes (main stream and tributaries). 

4.2.2 Discussion of stable isotopes (δ18O and δ2H) in river water 

4.2.2.1.1 Local characteristics 

As a first pattern differences in the isotope ratios of the tributaries on the left bank of the 
Gunt river are found, in the following called southern tributaries, compared to the tributar-
ies on the right bank of the stream, in the following called northern tributaries. An enrich-
ment of heavier stable isotopes in the tributaries flowing from the northern boundary to the 
main stream compared to those originating in the south of the catchment (Figure 21) is 
identified.  

ymain stream = 5.1±0.3x - 37.4±5.2
R² = 0.38

ytributaries = 8.7±0.1x + 26.3±1.7
R² = 0.92
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Figure 21: Development of mean δ2H values of water samples along the main river profile, i.e. the western part 

of the catchment. Purple diamonds = main Stream; blue squares = southern tributaries; green squares 
= northern tributaries; brown line = river profile from west to east. Longitude is given in °dec east. 

As it is known from hydrological observation data in this catchment (Baidulloeva August 
2011), the main source of runoff is melt water, whose source is without much doubt local 
precipitation and glacier melt water. It can be concluded that the Local Meteoric Water Line 
(LMWL) is likewise given by Equation 8. The Local River Water Line for the tributaries 
(Equation 11) is similar to the LMWL. These observations are in line with Pande et al. 
(2000), who observed a similar steep slope of the Local Meteoric Water Line of the Ladakh 
region (India) as it is done in the Gunt catchment, while other publications focusing on sta-
ble isotopes in high altitude regions in Central Asia, for example publications about the Ya-
muna river (Dalai et al. 2002), the Ganges river (Ramesh and Sarin 1992) or precipitation in 
the Himalaya (Kang et al. 2002), often publish a slope of the Local Meteoric Water Line re-
spectively Local River Water Line around eight or less.  

Pande stated that the effect of the steeper slope is a local phenomenon of the Ladakh region 
(India). The results of this catchment and other studies in Central Asia, for example (Ricketts 
et al. 2001), show that a slope of around nine tend to be no exception or a specific local be-
haviour only of the Ladakh region and may be a result of a combination of different pro-
cesses. Indeed, the steeper slope of 8.75 in our region must be explained as follows:  

The regression line for the waters of the Gunt river (Equation 12) differs significantly from 
those of its tributaries (Equation 11). A strong evaporation signal in the river Gunt’s isotopic 
composition is found, which is generated in the whole eastern Pamir plateau. The tributaries 
to this lake, mainly the Alichur river and the outflow of the lake Bulunkul, already show 
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evaporative trends in their waters. Additionally, the lake itself underlies a strong evapora-
tion, e.g. due to low air humidity and high expose to wind from the West.  

In Figure 22 the catchment is subdivided into four regions, according to the percentage of 
glaciation, the topography of the subcatchments (like mean altitude and slope) and following 
the flow direction of the tributaries as well as due to differences in the stable isotope param-
eters (δ2H and δ18O) (Figure 23).  
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Figure 22: Regional classification of the western and middle part of the catchment into four sub-regions 

(NW = North West, NE = North East, SW = South West and SE = South East). Lines = borders of the 
sub-regions; cross hatch signature = glacier extend 2011. 

 

 
Figure 23: δ2H-δ18O-Plot showing regionalized isotope values of the tributaries vs. the Global Meteoric Wa-

ter; green squares = northern tributaries; blue squares = southern tributaries; black bold line = 
GMWL 

As it was done for the Gunt river itself, for each of these four regions a Local River Water 
Line can be defined. The Local River Water Line for the north-western tributaries is given in 
Equation 13 for the north-eastern tributaries in Equation 14, for the south-western tributar-
ies in Equation 15 and for the south-eastern tributaries in Equation 16:  

y = 7.2±0.2x + 4.4±3.3
R² = 0.82

y = 7.6±0.5x + 8.0±9.0
R² = 0.75

y = 6.5±0.5x - 9.3±7.2
R² = 0.55
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δ2H = 7.2±0.2*δ18O + 4.4±.3. ‰ with R² = 0.82 
Equation 13: regression line north-western tributaries 

δ2H = 7.6±0.5*δ18O + 8.0±9.0 ‰ with R² = 0.75 
Equation 14: regression line north-eastern tributaries 

δ2H = 6.5±0.5*δ18O – 9.3±7.2 ‰ with R² = 0.55 
Equation 15: regression line south-western tributaries 

δ2H = 7.6±0.4*δ18O + 5.9±6.0 ‰ with R² = 0.75. 
Equation 16: regression line south-eastern tributaries 

With this information it is revealed that the slope tending to nine of the Local River Water 
Line of the whole data set of the Gunt catchment as defined before is just an artefact of the 
different intercepts of each single tributary. The regions itself instead reflect a slope that is 
almost in the range of the GMWL and shows slight tendencies towards evaporation signals. 
Therefore, dividing the single regression line for the whole catchment into four separate 
Equation 13-Equation 16) leads to more detailed information. 

Differences between northern and southern tributaries can usually be explained by topo-
graphical variations in the catchment. The mean area weighted altitude of the northern 
ranges is about 4,356 m a.s.l., the southern mountain chains show a mean altitude of 
4,232 m a.s.l. Because the altitudes of the northern and southern mountain ranges are simi-
lar, one explanation for the differences in the isotope values of the northern versus the 
southern subcatchments is a difference in the influence of the wind systems to the northern 
and southern mountain slopes, respectively.  

As mentioned before, the deuterium excess d gives information about the conditions during 
phase transitions and mixing processes (Froehlich et al. 2002). Especially precipitation with 
enhanced moisture recycling such as precipitation with origin in the Mediterranean Sea 
shows very high d-values, even above 15 ‰ (Gat et al. 2003). The data for the tributaries 
show mostly d-values above ten per mil while the Gunt river samples as well as the samples 
of the plateau area vary strongly in their d-values (Appendix Table 4). The variation of the d-
values of the Gunt river and the plateau waters is based on evaporation in the lake respec-
tively the flat plateau. However, the data show that the explanation of the high d-value can-
not be found only in the Mediterranean Sea (or e.g. the Caspian Sea) as moisture source. In 
the Pamir region most of the annual precipitation falls as snow in the winter months during 
low mean monthly temperatures (<0 °C). So, the isotopic composition of the precipitation 
should be strongly influenced by the Jouzel-Merlivat effect during snow formation. An addi-
tional kinetic fractionation occurs during condensation in a supersaturated environment at 
lower temperatures and causes an increase in the d-value (Jouzel and Merlivat 1984). This 
effect is not clearly found in the data. Hence there should be at least three influences caus-
ing the higher d-value in the water samples compared to the GMWL: (i) most of the precipi-
tation is transported from the Mediterranean Sea and or Persian Gulf by south-western 
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winds (Figure 24), (ii) precipitation is dominantly fallen as snow and (iii) enhanced mois-
ture recycling occurs. 

 
Figure 24: Presumed air mass trajectories causing the main precipitation events in the study area (Meier et al. 

2013). 

These assumptions are similar to a recent study of Bershaw et al. (2012) in the Himalaya 
and eastern Tibetan Plateau. 

The d-value of the western Gunt catchment tributary waters is generally higher than 10, 
which leads to the assumption that the main humidity must come from a moisture source 
where moisture recycling occurred. In winter, when the catchment receives most of the an-
nual precipitation, the westerlies bring moist air from the Atlantic with d-values around 10 
(Dansgaard 1964). Additionally and more over south-western winds transport humid air 
from the Mediterranean and Caspian Sea as well as the Persian Gulf to the Pamir region 
(Barlow and Tippett 2008; Aizen et al. 2009). Thus, it is stated that south-western winds act 
as main moisture contributors.  

As indicated by the different (hypothetic) local meteoric water lines represented by Equa-
tion 13-Equation 16, different parts of the catchment are dominated by different precipita-
tion processes. Related to the catchment’s topography and the wind direction major precipi-
tation falls onto the steep southerly exposed slopes of the northern tributaries. This leads to 
a depletion of heavier stable isotopes in precipitation. The large southern subcatchments 
and therein the high regions of the north-exposed valleys receive more depleted precipita-
tion due to the longer travel path of the precipitating moisture. Additionally there may have 
some intrusions of the Indian Monsoon in the Pamirs (Aizen et al. 1996; Dalai et al. 2002). 
However, more data on precipitation and river water is necessary to verify this hypothesis. 

4.2.2.1.2 Altitude effect 

As shown in Figure 21 a decrease of heavy isotope contents with increasing longitude was 
identified. This issue is an outcome of the altitude effect because the mean catchment eleva-
tion increases in their altitude from west to east. Thus the lapse rates lie between 
Δδ2H/100 m = −3.2 ± 0.5 ‰ and Δδ18O/100 m = −0.4 ± 0.1 ‰ for the northern tributaries 
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and Δδ2H/100 m = −3.3 ± 0.7 ‰ and Δδ18O/100 m = −0.4 ± 0.1 ‰ for the southern ones 
(Figure 25 and Figure 26). 

 
Figure 25: Altitude effect in δ2H of the different trib-

utaries. Blue squares = southern tributaries; 
green squares = northern tributaries; thin 
lines = regression lines for northern and 
southern tributaries, respectively. 

 
Figure 26: Altitude effect in δ18O of the different trib-

utaries. Blue squares = southern tributaries; 
green squares = northern tributaries; thin 
lines = regression lines for northern and 
southern tributaries, respectively. 

The different behaviour of the northern tributaries compared with the southern ones was 
already discussed. This is also reflected in their lapse rates. The differences are in some 
cases from seasonal origin, where various precipitation sources influence the isotopic signal 
in the waters (Clark and Fritz 1997). The samples also show variations in the altitude effect 
throughout the year. The reason for this behaviour is founded i) in the air mass fluxes that 
bring precipitation and following have an impact on the catchment in different seasons and 
ii) in temperature and altitude dependent melting processes. Friedman and Smith (1970) 
demonstrated that the altitude effect is often well defined in windward sides of mountains 
and not well defined on leeward sides. If it is assumed that most of the precipitation is pri-
marily delivered from western winds, the moist air should affect the northern catchments 
more because of their topography. The stable isotope values in the southern tributaries are 
wider spread than in the northern ones, and hence the altitude effect of the southern tribu-
tary range is less pronounced. This is well in line with the findings of Friedman and Smith 
and confirms the hypothesis that south-western winds have a major impact on the isotope 
patterns in the Pamirs. The southern and eastern subcatchments might also be affected by 
the Indian Monsoon. These facts contribute to the both diverging lapse rates and confirm the 
better pronounced altitude effect of the northern catchments. 

4.2.2.1.3 Seasonality 

In the data of Gunt river samples variations over the time (Figure 27 and Figure 28) can be 
observed which is caused by contributions of the tributaries to the total stream flow varying 
over the year. In winter the stream flow of the Gunt river is dominated by evaporation af-
fected water from the high plains flowing through the natural landslide dam that is also 
partly released artificially for production of electrical power. In late autumn and winter, 
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when the total runoff reaches its minimum, the isotopic composition of the river Gunt water 
converges at the lake Yashilkul’s δ2H and δ18O values (Figure 27).  

 
Figure 27: Mean seasonal variation of the isotopic signal of the Gunt river near the town Khorog. Purple dia-

monds = main stream water samples; blue diamonds = lake Yashilkul samples from 08/2011; Numbers 
= month of the year; black bold line = GMWL. 

In late spring and summer, when the melting period is taking place, the δ2H and δ18O values 
are going to reflect the Local River Water Line’s values. In Figure 27 we detect a difference in 
the melting process. Point 7 indicates a melt of more enriched solid water than the points 4–
6. The hysteresis in the Gunt river samples can be explained by different evaporation rates 
in the Yashilkul water as explained below in more detail. So, in our catchment the lake Yash-
ilkul and the high plains are very important for the runoff contribution over the whole year 
but most important in the winter time.  

We see in the isotope values that the runoff of the tributaries must be diminished during the 
low flow period in winter (points 1–2). This is consistent with field observations. Due to the 
continental and altitude effect the downstream tributaries are isotopically heavier in com-
parison to the high plain waters. When the snowmelt starts (points 3–7), isotopically en-
riched snow from the downstream catchments is melted and mixed in the Gunt river with 
the isotopically depleted water from the high eastern plateau. The highest δ2H and δ18O val-
ues can be found in the month July, which shows also the highest discharge rates (see Figure 
4). This means that we have a maximum of runoff in the tributaries. At the end of the melting 
period (points 8–12) the surface runoff of the tributaries decreases and at the same time the 
relative portion of lake- or plateau water increases. The mixing of isotopically enriched wa-
ter of the tributaries with isotopically depleted water from the eastern catchment becomes 
apparent in Figure 21. With increasing flow length of the Gunt river we notice an enrichment 
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of δ2H and δ18O in the river water is observed, which is caused by the admixture of the in-
flowing water of the tributaries. 

Equation 12 shows the regression line for the Gunt river with a poor correlation coefficient. 
This is a result of the large scatter of the Gunt river data on the δ2H-δ18O plot due to seasonal 
variations in the runoff contributions of the different tributaries.  

Not only the Gunt river’s isotope ratios show a seasonal effect but also the tributaries vary in 
their isotopic signal with maximum values in the summer (June–August) and minimum in 
the winter months (December–February) (Figure 28).  

 
Figure 28: Seasonal variations of δ2H over the year of each two exemplary northern (green squares; green lines) 

and southern tributaries (blue squares; blue lines) as well as the Main Stream (purple diamonds; pur-
ple line). 

This seasonal effect in river systems is commonly associated with seasonal variations of sta-
ble isotopes in precipitation (Mook 2005; Koeniger et al. 2009; Lachniet and Patterson 
2009). Seasonal variations in the Gunt river’s hydrograph indicate that our drainage basin is 
controlled by melt water from precipitation from the recent winter or even preceding from 
glacier melt. Thus the suggested undulating trend in the isotopic composition of the stream 
water cannot be caused by the each month’s precipitation but could be explained through 
melting processes (Stichler et al. 1986; Taylor et al. 2001; Taylor et al. 2002). With beginning 
of the melting period, the melt water is depleted in 2H and 18O. Throughout the melting pe-
riod the isotopically enriched snow melts and generates relatively higher δ2H and δ18O val-
ues. The seasonality in the isotope values correlates with the seasonality in the runoff data 
of the main stream that show also a discharge maximum in the summer months (June–Au-
gust).  
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4.3 Conclusions to the assessment of stable isotopes (δ18O and δ2H) in water 

The derived results show that isotope measurements are a very helpful tool to investigate 
remote areas.  

Most of the precipitation samples and river waters showed δ2H and δ18O values that are typ-
ical for high altitude regions. The stable isotope values in river water showed regional differ-
ences as well as seasonal effects. The regional variations in the isotope patterns result from 
differences in the catchment altitude and the precipitation distribution in the catchment. 

Seasonal differences in the isotope values are caused by melting processes. The main stream 
Gunt is clearly affected by water arising from the high plateau and the lake Yashilkul.  

Additionally, the d-values are mostly above ten, indicating that the Gunt catchment is a 
snow-dominated catchment which receives its precipitation mainly through western and 
south-western winds coming from the Atlantic Ocean, the Mediterranean Sea and the Per-
sian Gulf. An influence of the Indian Monsoon cannot be denied. The data evaluation of air 
mass trajectories from the Western Mediterranean to the Western Pamir shows a maximum 
moisture contribution during March and April. 
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5 Hydrochemistry of river water 
The hydrochemical composition of a water body depends on the geological formation 
through which it flows or its petrographic composition, the vegetation of the catchment and 
on the atmospheric input (Meybeck 1987; Schneider et al. 2003). Mason et al. (1985) also 
mention the type and quantity of precipitation and the relief as influencing factors on the 
chemistry. During weathering processes reactions between water and rock take place, which 
result into a change of water chemistry in regard to e.g. major ions and trace elements. Riv-
ers are fed directly from surface runoff on the one hand, and from groundwater via infiltra-
tion processes on the other. Thus, there are other sources and sinks, such as substances 
washed away on the surface or infiltrated by percolating water, as well as anthropogenically 
infiltrated substances with different water mobility characteristics (Greifenhagen 2000). 
Due to the very low population density in the study area, the latter are not expected.  

In the master thesis of Brehme (2014), the influences of the natural conditions on the river 
water composition were investigated for a limited data set from the Gunt catchment area by 
means of factor analysis and main component analysis. This chapter presents an evaluation 
of the hydrochemical parameters of the entire data set of river waters at selected locations 
(Figure 29). For the evaluation of the hydrochemical analyses with regard to relationships to 
natural conditions, the results of the geo-characteristics from Brehme (2014) were adopted.  

 

 
Figure 29: Location of sampling locations that were used for hydrochemical analysis. 

5.1 Results of hydrochemical analysis 

The data set shows that the cation distribution in the whole catchment is very divers (Ap-
pendix Table 5). The total sodium concentrations vary between 0.02 meq/L and 0.64 meq/L, 
with an arithmetic mean of 0.21 meq/L and a median of 0.16 meq/L (Figure 31). Most of the 
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sodium values are around 0.05 meq/L. However, a second grouping around-values between 
about 0.28 meq/L and 0.48 meq/L is also noticeable.  

The potassium concentrations are between 0.01 meq/L and 0.54 meq/L with a clear maxi-
mum in the histogram at values of around 0.04 meq/L (Figure 30).  

Calcium is one of the main constituents in the study area and shows concentrations between 
0.22 meq/L and 2.46 meq/L (Figure 32). There are two maxima in the distribution: one high 
pronounced maximum around 0.8 meq/L and one less pronounced one at values of around 
1.5 meq/L.  

The total magnesium values vary between 0.01 meq/L and 0.58 meq/L with maxima at 
0.06 meq/L, 0.18 meq/L and 0.42 meq/L (Figure 33).  

 
Figure 30: Histogram of K-concentrations; red 

line=expected normal distribution.  

 
Figure 31: Histogram of Na-concentrations; red 

line=expected normal distribution. 

 
Figure 32: Histogram of Ca-concentrations; red 

line=expected normal distribution. 

 
Figure 33: Histogram of Mg-concentrations; red 

line=expected normal distribution. 

The chloride concentrations of the waters range between 0.001 meq/L and 0.89 meq/L, with 
a very high frequency of 0.02 meq/L (Figure 34). The distribution itself is accordingly 
strongly right-skewed.  
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The histogram of the sulphate data set also shows a right-skewed distribution with values 
between 0.02 meq/L and 1.17 meq/L and a maximum frequency of 0.10 meq/L as well as a 
tendency towards a two-capped distribution (Figure 35).  

Bicarbonate is the most dominant anion of the Gunt waters and fluctuates in its calculated 
HCO3 concentrations between 0.18 meq/L and 2.41 meq/L and show peaks of about 
0.7 meq/L and 2.0 meq/L in the distribution (Figure 36).  

 
Figure 34: Histogram of Cl-concentrations; red 

line=expected normal distribution. 

 
Figure 35: Histogram of SO4-concentrations; red 

line=expected normal distribution. 

 
Figure 36: Histogram of HCO3-concentrations; red line=expected normal distribution. 

The electrical conductivities of the water vary at most between 19 and 400 µS/cm, the me-
dian is 143 µS/cm. The box plots – differentiated by water type – show clear differences in 
the distribution of values (Figure 37). The measured values of the main stream (g) cover a 
range of 250 µS/cm. The significantly higher fluctuation range of circa 400 µS/cm can be de-
tected for the southern tributaries, whose median are 161 µS/cm. The lowest fluctuation 
range in the EC values can be found for the northern tributaries with a median value of 
116 µS/cm. 

In the collected data set, the water temperatures fluctuate between a minimum of 0 °C and a 
maximum of 17 °C. The arithmetic mean value is 6.9 °C, the median 7.6 °C. The distribution 
of the water temperatures compared to their origin is quite homogeneous (Figure 39).   

Cl

0.
00

0.
04

0.
08

0.
12

0.
16

0.
20

0.
24

0.
28

0.
32

0.
36

0.
40

0.
44

0.
48

0.
52

0.
56

0.
60

0.
64

0.
68

0.
72

0.
76

0.
80

0.
84

0.
88

Concentration (meq/L)

0

20

40

60

80

100

120

140

160

N
o.

 o
f o

bs
.

SO4

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

0.
35

0.
40

0.
45

0.
50

0.
55

0.
60

0.
65

0.
70

0.
75

0.
80

0.
85

0.
90

0.
95

1.
00

1.
05

1.
10

1.
15

1.
20

Concentration (meq/L)

0

20

40

60

80

100

120

140

N
o.

 o
f o

bs
.

HCO3

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2.
2

2.
3

2.
4

2.
5

Concentration (meq/L)

0

10

20

30

40

50

60

70

80

N
o.

 o
f o

bs
.



Hydrochemistry of river water  47 of 91  

 

Table 2: Descriptive statistics of the hydrochemical parameters. 

 

The pH values in the overall data set vary between 4.5 in the minimum and 8.8 in the maxi-
mum, the arithmetic mean is 7.2 and the median is 7.1. This already shows that the data set 
contains not many outliers, as shown by the box plots of the individual sites (Figure 38). 

Variable 
N 

Arith. 
Mean 

Me-
dian 

Mini-
mum 

Maxi-
mum 

25 %-
Quar-

tile 

75 %-
Quar-

tile 

Vari-
ance 

Std.D
ev. 

Skew-
ness 

Kurto-
sis 

Electric conduc-
tivity (µS/cm) 

805 160.03 
143.0

0 
19.00 400.00 

115.0
0 

205.0
0 

3370.5
1 

58.06 0.61 0.03 

Temperature 
(°C) 

782 6.90 7.60 0.00 17.00 2.90 10.60 17.61 4.20 -0.14 -1.25 

pH 805 7.15 7.11 4.52 8.81 6.80 7.52 0.27 0.52 0.06 0.52 

Cl (meq/L) 806 0.09 0.06 0.00 0.89 0.03 0.11 0.01 0.10 3.70 20.11 

SO4 (meq/L) 806 0.27 0.22 0.02 1.17 0.13 0.35 0.04 0.21 2.05 4.87 

Na (meq/L) 805 0.21 0.16 0.02 0.87 0.06 0.36 0.03 0.16 0.66 -0.54 

K (meq/L) 806 0.07 0.06 0.01 0.54 0.04 0.09 0.00 0.06 3.06 14.05 

Mg (meq/L) 806 0.22 0.19 0.01 0.58 0.10 0.31 0.02 0.13 0.52 -0.76 

Ca (meq/L) 806 1.01 0.91 0.22 2.46 0.66 1.38 0.20 0.44 0.56 -0.41 

HCO3 (meq/L) 806 1.15 1.03 0.18 2.41 0.73 1.60 0.29 0.54 0.45 -0.95 
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Figure 37: EC-distribution of all water samples. g = 

main stream (Gunt), s = southern tributar-
ies, n = northern tributaries. 

 
Figure 38: pH-distribution of all water samples. g = 

main stream (Gunt), s = southern tributar-
ies, n = northern tributaries. 

 
Figure 39: Temperature distribution of all water samples. g = main stream (Gunt), s = southern tributaries, n 

= northern tributaries. 

 

The correlation matrix in Table 3 results from the correlation analysis of all major ions with 
each other. Particularly strong correlations between bicarbonate and magnesium (r = 0.91), 
sodium (r = 0.90) and calcium (r = 0.89) can be seen, whereby these are also strongly corre-
lated with each other. Furthermore, calcium and sulphate (r = 0.83) and chloride and sul-
phate (r = 0.87) correlate with each other. 
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Table 3: Correlation of major ions. Correlation coefficients with p<0.05 are red. 

 
 

The correlation analysis of the natural catchment parameters (Appendix Table 7) against the 
seasonal mean values of the main ion concentrations of the respective catchments are given 
in the correlation matrix contained in Table 4.  
Table 4: Correlation of major ions with catchment parameters. Correlation coefficients with p<0.05 are red. 

 
 

The data indicate a close correlation between the chemical composition of the waters in the 
sub-basins and their proportion of permafrost or glaciation as well as the prevailing slope 
orientations as given in more detail below. Correlation coefficients around r = -0.50 show 
that the waters in areas with large permafrost areas and glacier covers have comparably low 
mean ion concentrations, especially in concentrations of sodium, magnesium and bicar-
bonate. In addition, there is a similar correlation between permafrost cover and glaciation 

Cl 
(meq/L)

SO4 

(meq/L)
Na 

(meq/L)
K (meq/L) Mg 

(meq/L)
Ca 

(meq/L)
HCO3calc 

(meq/L)
EC 

[µS/cm]
T [°C] pH

Cl (meq/L) 1.00 0.87 0.70 0.67 0.38 0.74 0.44 0.76 0.34 0.44
SO4 (meq/L) 0.87 1.00 0.63 0.62 0.57 0.83 0.50 0.81 0.34 0.49
Na (meq/L) 0.70 0.63 1.00 0.69 0.74 0.88 0.90 0.88 0.59 0.85
K (meq/L) 0.67 0.62 0.69 1.00 0.39 0.65 0.54 0.76 0.33 0.49

Mg (meq/L) 0.38 0.57 0.74 0.39 1.00 0.84 0.91 0.72 0.49 0.85
Ca (meq/L) 0.74 0.83 0.88 0.65 0.84 1.00 0.89 0.89 0.57 0.82

HCO3calc (meq/L) 0.44 0.50 0.90 0.54 0.91 0.89 1.00 0.77 0.61 0.91
EC [µS/cm] 0.76 0.81 0.88 0.76 0.72 0.89 0.77 1.00 0.57 0.74

T [°C] 0.34 0.34 0.59 0.33 0.49 0.57 0.61 0.57 1.00 0.65
pH 0.44 0.49 0.85 0.49 0.85 0.82 0.91 0.74 0.65 1.00

Cl (meq/L) SO4 (meq/L) Na (meq/L) K (meq/L) Mg (meq/L) Ca (meq/L) HCO3calc (meq/L) EC [µS/cm] T [°C] pH
Altitudemin (m a.s.l .) -0.26 -0.31 -0.24 -0.10 -0.38 -0.29 -0.24 -0.41 -0.27 -0.39
Altitudemax (m a.s.l .) 0.03 0.23 -0.05 0.06 -0.03 0.10 -0.04 0.12 0.30 -0.12

Altitudemean (m a.s.l .) -0.23 -0.16 -0.47 -0.28 -0.49 -0.38 -0.50 -0.38 -0.09 -0.55
Area (km²) 0.14 0.36 0.35 0.32 0.43 0.42 0.41 0.49 0.49 0.34

Permafrostdiscont (%) -0.22 -0.12 -0.46 -0.29 -0.45 -0.36 -0.49 -0.34 -0.02 -0.52
Permafrostcont (%) -0.17 -0.15 -0.47 -0.21 -0.56 -0.38 -0.52 -0.37 -0.03 -0.55

Glaciation (%) -0.12 -0.16 -0.59 -0.27 -0.64 -0.42 -0.63 -0.54 -0.20 -0.61
Unconsolidated rock (%) -0.20 -0.16 -0.01 0.23 0.00 -0.03 0.08 -0.13 0.09 0.10

Limestone (%) 0.02 0.00 0.24 0.34 0.18 0.17 0.28 0.10 -0.14 0.18
Magmatic rock (%) -0.01 -0.25 -0.04 -0.09 -0.28 -0.26 -0.20 -0.08 0.05 -0.17

Metamorphic rock (%) 0.09 0.29 -0.03 -0.11 0.19 0.19 0.06 0.10 -0.05 0.05
Aspect flat (%) 0.15 0.15 0.53 0.49 0.29 0.32 0.45 0.38 0.28 0.42
Aspect N (%) 0.51 0.31 0.68 0.67 0.35 0.46 0.51 0.54 0.19 0.51

Aspect NO (%) 0.35 0.32 0.13 0.21 -0.06 0.09 -0.09 0.24 0.00 -0.16
Aspect O (%) -0.35 -0.16 -0.56 -0.45 -0.31 -0.37 -0.47 -0.37 -0.26 -0.60

Aspect SO (%) -0.48 -0.44 -0.37 -0.42 -0.20 -0.34 -0.21 -0.34 -0.19 -0.26
Aspect S (%) -0.46 -0.36 -0.25 -0.21 0.00 -0.24 -0.06 -0.25 0.02 0.13

Aspect SW (%) -0.38 -0.16 -0.58 -0.57 -0.19 -0.37 -0.44 -0.49 -0.23 -0.31
Aspect W (%) 0.37 0.37 0.08 -0.01 -0.02 0.24 0.00 0.10 0.18 -0.06

Aspect NW (%) 0.45 0.23 0.54 0.45 0.19 0.40 0.41 0.38 0.22 0.34
Slope 0-1 (°) 0.14 0.15 0.53 0.60 0.38 0.41 0.55 0.40 0.29 0.48
Slope 1-2 (°) 0.01 0.09 0.09 0.35 -0.06 0.09 0.07 0.18 0.39 0.06
Slope 2-3 (°) -0.18 -0.11 -0.22 -0.02 -0.17 -0.20 -0.20 -0.05 0.17 -0.16
Slope 3-4 (°) -0.28 -0.33 -0.37 -0.40 -0.20 -0.37 -0.30 -0.34 -0.22 -0.29
Slope 4-5 (°) -0.10 -0.18 -0.19 -0.38 -0.05 -0.19 -0.15 -0.31 -0.49 -0.16
Slope 5-6 (°) 0.02 -0.04 -0.20 -0.43 -0.09 -0.14 -0.21 -0.25 -0.38 -0.19
Slope >6 (°) 0.12 0.10 -0.21 -0.43 -0.13 -0.10 -0.27 -0.18 -0.27 -0.22

Runoff rate (mm/a) -0.10 -0.13 -0.24 -0.39 -0.19 -0.23 -0.26 -0.31 0.15 -0.11
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with mean pH values. Furthermore, the same linear relationship between the mentioned pa-
rameters and the mean heights of the catchment areas can be observed. The different slope 
orientations are also related to different ion concentrations. Catchments with many flat ar-
eas obviously have higher sodium, potassium and bicarbonate concentrations (r = 0.53, 
r = 0.60 and r = 0.55, respectively). Areas with predominantly north-facing slopes show 
higher concentrations of calcium, sodium, potassium, chloride and bicarbonate, at the same 
time the conductivity of the water and the water temperature are higher. In areas with pre-
dominantly east and south-east oriented slopes the waters show lower chloride, sulphate, 
sodium, potassium and bicarbonate concentrations, in those with predominantly south-west 
oriented slopes lower sodium, potassium and bicarbonate concentrations as well as lower 
conductivities. Significant linear correlations between the lithological units and the ion con-
centrations cannot be demonstrated. 

5.2 Discussion of hydrochemical parameters 

Generally, the hydrochemical composition of the river water samples of the Gunt catchment 
show major ion concentrations that are typical for high altitude regions (Jenkins et al. 1995; 
Żelazny et al. 2011; Li et al. 2018) meaning a general very low total dissolved ion content 
(here EC ≤ 400 µS/cm). Li and Zhang (2008) also cite particularly low ion concentrations as 
an indication of a lack of anthropogenic influence from e.g. agricultural activities and the 
presence of predominantly crystalline rock.  

The cation and anion concentrations of the Gunt catchment reflect values that are typical for 
silicate and crystalline rocks (Mason et al. 1985; Merkel and Sperling (1996); Sigg and 
Stumm 1996). Additionally, the major ion concentrations are in line with findings of Jenkins 
et al. (1995)´who investigated rivers of the Himalaya and Huang et al. (2009) who also ana-
lysed river waters of the Tibetan Highlands.  

According to Li and Zhang (2008) and Huang et al. (2009), the chemical composition of wa-
ter in the Himalayas is predominantly characterized by chemical and physical weathering 
processes of the rocks, whereby according to Sigg and Stumm (1996) the physical weather-
ing clearly predominates in general and above all in plateau areas. Gibbs (1970) names the 
geological subsoil, precipitation and evaporation effects as the main factors influencing the 
chemical composition of the water. According to his explanations, the ion composition of wa-
ters with dominant calcium and bicarbonate concentrations has its origin predominantly in 
the chemical weathering of rocks.  

The descriptive analysis of all hydrochemical parameters shows a very inhomogeneous data 
distribution. Especially the fluctuations in Ca and HCO3 as well as SO4 concentrations reflect 
spatial and seasonal variations. The multi-modal distribution of some parameters indicates 
an overlap of various distribution types. This is a result of spatial and temporal variations in 
ion concentrations. The right skewed distribution of K and Cl (Figure 30 und Figure 34) con-
centrations is an indication for generally low ion concentrations in the waters and the occa-
sional occurrence of higher mineralisation. Nevertheless, the composition of major ions in 
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the study area are less varying, which is an indication of very continuous entries, due to con-
tinuous weathering or dissolution of the mineral phases like feldspars, micas (e.g. biotite) or 
amphibolites (e.g. hornblende) in the occurring rock.  

The electrical conductivities of the waters in the catchment area of the Gunt vary between 
100 µS/cm and 200 µS/cm, respectively, and are representative of high mountain regions. 
Huang et al. (2009) and Jenkins et al. (1995) show similar values for rivers in the Himalaya. 
The distribution of the electrical conductivities shows that especially the northern tributar-
ies are less enriched compared to the main stream. This is due to the fact that these northern 
areas are characterised by pronounced glacier cover and high relief. The low mineralisation 
shows that the receiving waters are mainly fed by melt water and surface runoff. The small 
fluctuations of the tributary values are an indication that relatively constant processes take 
place. The higher enrichment of the main stream is due to the fact that it i) is characterised 
by the high mineralised water from the lake Yashilkul and ii) represents a kind of mixed 
sample from all catchment areas. The large fluctuations in its values in turn provide indica-
tions of the spatial and/or temporal variability of the inflows. 

According to Furtak and Langguth (1967), the mean values of the main ions can be differen-
tiated in seven water types, or chemical facies. When presenting hydrochemical data accord-
ing to Piper (1944) (Figure 40) using water types according to Furtak and Langguth 
(1967)or Kralik et al. (2005), most of the data is plotted for the alkaline earth-carbonate wa-
ter type (type 1). According to Kralik et al. (2005), this is typical for a fast turnover when 
considering groundwater and frequently occurs in crystalline mountains and in areas with 
increased flow velocities, which makes the results plausible. In addition, tendencies towards 
the groundwater type 2 (alkaline earth carbonate-sulphatic) can be detected for some river 
waters of the southern tributaries. Type 2 is characteristic for slower circulations and thus 
more exchange processes. Some river waters also show tendencies towards groundwater 
type 4 (alkaline earth – alkaline – carbonate water). It is typical in flowing waters from crys-
talline areas and is caused by a relatively frequent shift from water type 1 and 2 to water 
type 4, which occurs in the low-mineralized crystalline waters through the addition of little 
sodium and potassium. Usually the addition of sodium and potassium is explained by human 
activities or the admixture of alkaline waters from water type 7, e.g. NaCl-rich alkaline-
choridic waters. In the Gunt catchment there are also some hot springs, e.g. the hot springs 
in Djelondi. The hydrochemical analysis of the waters from the hot springs showed that they 
are higher mineralized (EC~477 µS/cm) and belong to water type 7 with a higher SO4 com-
ponent (alkaline-sulphatic water type). Therefore, it can be concluded that the southern trib-
utaries tending to water type 4 might be influenced by waters emerging from hot-springs.  
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Figure 40: Piper Plot of all water samples. 

Summarizing, the main stream does not show strong variations in the hydrochemical com-
position along its flow path (Figure 41). The tributaries neither show very distinctive ma-
jor ion compositions in their waters. 

 
Figure 41: Schöller plot representing the major ion distribution of all sampling locations at the main stream. 

0.01

0.10

1.00

Ca Mg Na K HCO3 SO4 Cl

Co
nc

en
tr

at
io

n 
(m

eq
/L

)

Major ion

010 030

041 060

090 140

170 210

241 270



Hydrochemistry of river water  53 of 91  

 

Therefore, the catchment is obviously characterised by a relatively homogeneous geogenic 
composition, which is reflected in the river waters. Abundant mineral phases of the ingen-
ious and magmatic rocks in the investigation area like mainly quartz, mica, and feldspars are 
characterized by low dissolubility (low solubility products). The spatial differences between 
between northern and southern tributaries and the main stream can be seen only in the 
grade of minerlisation. The main stream shows higher ion loads that the tributaries (Figure 
42). 

 
Figure 42: Schöller plot representing the mean major ion distribution of the main stream, the northern and 

southern tributaries, respectively. 

The correlation analysis between the major ions highlights strong relationships between the 
dominant ions in the stream water. This is an indication that the major source of cations to 
surface waters is from chemical weathering. The strong correlations between bicarbonate 
and calcium and magnesium are a clear indication that these originate from the weathering 
of carbonates. The correlation between calcium and chloride ions, respectively, and sulfate 
ions indicates evaporite weathering, the correlation between sodium and bicarbonate indi-
cates silicate weathering (Li and Zhang 2008; Zhu et al. 2012; Varol et al. 2013). 

Correlation analyses (Table 4) have shown a negative linear correlation between the glacier 
coverage of a catchment area and the ion concentrations of its waters. This shows that the 
receiving waters in areas with significant glacier occurrence are predominantly fed by little 
mineralized meltwater. 

Since a large part of the areas in the study area are affected by permafrost, it is supposed 
that the occurrence of permafrost has an impact on the mineralization of river water in the 
Gunt catchment. Permafrost should limit water-rock-interaction processes and lead to lower 
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mineralisations. Therefore, this correlation is important with regard to identify areas of pos-
sibly high interactions between groundwater and rock. The fact that there is a negative lin-
ear relationship between the permafrost cover of a catchment area and the ion concentra-
tions of its waters shows that such a strong water-rock-interaction does not occur. On the 
other hand, it is an indication for the rivers in this area are primarily fed by little mineralized 
meltwater or precipitation water. Hayashi et al. (2004) also show that in areas with continu-
ous permafrost no infiltration into the soil or the rock can take place, precipitation and melt-
water therefore enter the receiving waters as surface runoff. Areas with discontinuous per-
mafrost are of particular importance for indications of water-rock-interactions, because 
there are areas that are not frozen and are therefore theoretically available for infiltration 
processes. However, the statistical analyses did not provide clear evidence for a major influ-
ence of discontinuous permafrost on the hydrochemical footprint, since the parameters of 
continuous and discontinuous permafrost basically showed the same relationships to all 
other properties.  

If it is assumed that the chemical composition of the water is mainly influenced by the geo-
logical formations through which it flows, catchment areas with high limestone deposits or 
predominantly metamorphic rock should also show correspondingly different major ion 
concentrations in the water. Thus, differences should occur in the chemistry of the eastern 
areas, which have larger upcoming limestone and marble deposits, and the hydrochemical 
composition of the western areas with particularly high metamorphic proportions. How-
ever, the correlation analyses showed no correlation between the chemical composition of 
the waters and the geological units of the areas. This is a clear indication that in the studied 
catchment areas are only little exchange processes with the bedrock, that there is high flow 
energy and that the rivers are mainly fed by surface runoff from precipitation and melt wa-
ter. The fact that the waters in the entire catchment area of the Gunt are dominated by cal-
cium and bicarbonate is due to the "simpler" structures of the sedimentary rocks in the east-
ern area compared to the crystalline rocks in the west. Zhu et al. (2012) also note that due to 
different weathering resistances in crystalline areas water may occur, which is characterized 
by carbonate weathering. The hydrochemical composition of the hot spring waters in 
Djelondi can be explained by their, in comparison to the surface waters, longer transit time 
(see Table 6) and higher water temperatures, which intensify water-rock-interaction and 
support dilution of silicate minerals. 

In general, temporal variations in the concentrations of major ions of the surface waters 
could be detected (Figure 43). The monthly fluctuations in ion concentrations at all sites are 
very similar over the course of the year. This shows that there are no clear regional influenc-
ing factors. Strong and suddenly decreasing ion concentrations from April onwards can be 
associated with the onset of snowmelt, which leads to corresponding dilution effects. The 
fact that this continuous depletion continues until its peak in July is due to the fact that the 
glacier melts after the snow melts. A further reason is the fact that with increasing tempera-
tures, higher and higher areas are affected by the melting process. According to Huang et al. 
(2009), exactly this depletion in the first part of the dry period is also evidence that the ions 
dissolved in the water originate primarily from rock weathering. According to Zhu et al. 
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(2012), the fact that precipitation favors chemical weathering also explains lower ion con-
centrations and fewer fluctuations during the dry period.  

 
Figure 43: Temporal evolution of mean major ion concentrations in the Gunt catchment. Sample set was too 

small for statistically robust evaluation for 09/2011, 01/2013, 03/2013. 

From August onwards the concentrations gradually increase again, which is due to arid con-
ditions combined with appropriate enrichment. If one assumes that the upper soil layers of 
the permafrost areas, in particular the discontinuous areas are now also available for infil-
tration processes, the increase in concentration can also be explained by corresponding 
groundwater inflows. Since, apart from the extreme west, the precipitation in the study area 
is relatively low and falls due to decreasing temperatures primarily as snow. Therefore, the 
increase in ion concentrations continues until next spring. Due to the high intensity and con-
tinuous increase of this effect and considering the fact that homogeneous permafrost areas 
are present again after a certain time, a further theory is applied: Bagard et al. (2011) and 
Beylich and Laute (2012) describe a circulation of higher mineralized deep groundwater in 
areas with high permafrost or glacier occurrence in winter, which infiltrates into the receiv-
ing waters in areas below the permafrost boundary and accordingly explains the higher con-
centrations in winter. However, the occurrence of deeper groundwater reservoirs is not yet 
investigated. 

5.3 Conclusions to the evaluation of hydrochemical parameters in river water 

Hydrochemical parameters showed that there is a geogenic basic composition of water in 
the entire catchment area, which is hardly influenced regionally, but rather seasonally by 
various factors. The temporal variations can be explained by time-dependent variations in 
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runoff relevant parameters. The Gunt catchment is dominated in summer by snow and glac-
ier melt, which is characterized by low major ion concentrations. In contrast, in winter high 
mineralized water from the subsurface feeds the rivers.  

The classification using a Piper diagram showed that the less mineralized waters all corre-
spond to the same watertype, the calcium carbonate type. In addition to the dominant wa-
tertype, evaporitically and silicatically enriched waters occur in form of hot springs.   
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6 Water-rock interactions in the Gunt catchment area3 
The hydrochemical system of a catchment is usually described by analyzing the distribution 
of major ions all over the catchment area as it was presented in chapter 7. But also, minor 
elements or trace minerals can be used to describe processes having an influence on the hy-
drogeochemical design of a river catchment. Lithium (Li) is a rare metal that is naturally part 
of biological systems and geological cycles. It plays an important role in lots of different 
fields: medicine, pharmacology, energy, nuclear science, ecology, but lithium is also used as 
tracer in geo- and cosmochemical studies. The radius of Li+ is small (0.78A) and similar to 
that of Mg2+ (0.72A) (Huh et al. 1998). This leads to a different behavior than that of other 
large alkali ions (K, Rb, and Cs) with larger ionic radius (Tang et al. 2007) so that lithium can 
substitute Mg in secondary clays formed by weathering (Froelich and Misra 2014). However, 
in geoscientific studies the focus is more on lithium isotopes than on the element lithium it-
self. Lithium has two stable isotopes: Li6 and Li7 with natural abundances of 7.5 % and 
92.5 % respectively (Millot and Négrel 2007; Tang et al. 2007). This large relative mass dif-
ference causes large isotopic fractionations during (hydro)geochemical processes, especially 
in rock-water-systems (Tomascak 2004; Millot and Négrel 2007; Tang et al. 2007). Li iso-
topic ratios span different ranges in geological reservoirs and aquatic systems (Figure 44). 
Due to that, lithium isotopes have recently been introduced as innovative tool for geo- and 
hydrosciences. They are often used in environmental sciences to describe continental 
weathering processes (Huh et al. 1998, 2001; Millot et al. 2010b; Wanner et al. 2014; Pogge 
von Strandmann et al. 2017), for detecting geothermal and thermo-mineral water resources 
(Fouillac and Michard 1981; Chan et al. 1993; Millot and Négrel 2007), and in geological 
studies focusing on crust-mantle cycling (Seitz and Woodland 2000; Woodland et al. 2004; 
Elliott et al. 2004; Elliott et al. 2006; Tomascak et al. 2016). Lithium isotopes have been con-
firmed as a good tracer of water-rock-interactions (Négrel et al. 2010; Lemarchand et al. 
2010; Henchiri et al. 2014). However, studies using lithium isotopes to describe water flow 
paths or to link the isotopic signature to water transit times, are rare (Pogge von Strand-
mann et al. 2014; Liu et al. 2015b; Wanner et al. 2017).  

                                                           
3 Parts of this work were published as Meier et al. 2017. 
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Figure 44: Lithium isotopic signatures of different reservoirs (Millot 2013). 

In contrast to other geochemical and isotopic signatures (e.g. 87Sr/86Sr), the lithium isotopic 
composition (δ7Li) of surface and groundwater in river basins is not only controlled by mix-
ing of lithology and input signatures like e.g. from precipitation (Huh et al. 2001; Penniston-
Dorland et al. 2017). The lithium concentrations and δ7Li values of water samples are a con-
sequence of dissolution of lithium during weathering and the incorporation of lithium into 
secondary minerals (Huh et al. 1998; Tomascak 2004; Tang et al. 2007). During weathering, 
the heavier isotope 7Li is preferred to go into solution whilst the lighter isotope 6Li remains 
in the solid phase (Huh et al. 1998; Rudnick et al. 2004; Tang et al. 2007). Taylor and Urey 
(1938) already investigated the greater affinity of 6Li to the stationary phase. Huh et al. ex-
plained this process as follows: “Bonds containing the lighter isotope have higher vibrational 
energy and during a chemical reaction (e.g. weathering), molecules bearing the lighter iso-
topes will react more readily, enriching the reaction product in the lighter isotope.” (Huh et 
al. (2001, p. 196)). The dissolution of basalt rocks takes place without any fractionation (Huh 
et al. 2001; Kısakűrek et al. 2005; Pogge von Strandmann et al. 2006; Pogge von Strandmann 
et al. 2014), while dissolution of granitic rocks can cause fractionation (Pistiner and Hender-
son 2003; Millot et al. 2010b). The occurrence and extent of fractionation due to the precipi-
tation of secondary minerals has been confirmed in several laboratory experiments (Pistiner 
and Henderson 2003; Wunder et al. 2006; Millot et al. 2010a). At the catchment level, how-
ever, the hydrological conditions and flow processes that control the enriched lithium iso-
tope signatures observed in many catchment areas are still insufficiently known. The highest 
Li isotopic fractionation between river water and rock was found in in topographically high, 
recently glaciated and relatively less weathered regions, e.g. Himalaya (Bohlin and Bickle 
2019), Andes (Teng et al. 2017) or Rocky and Mackenzie Mountains (Millot et al. 2010b).  

This chapter focusses on lithium isotope systematics on a large scale by studying the pro-
cesses of lithium isotope fractionation and linking these processes with flow paths and 
transit times. Figure 45 gives an overview over the locations of the water samples that were 
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used for lithium isotope analysis. All lithium and strontium data of water samples is re-
ported in (Table 5). 

 
Figure 45: Locations of sampling stations for lithium isotope analysis. 

6.1 Results of lithium isotopes 

A wide range of δ7Li values in water (from +4.3 ‰ in thermal water to + 28.2 ‰ in glacial 
and +36.4 ‰ in surface runoff) was found (Figure 47). The δ7Li values are in the range of 
the global average for river waters of 23 ‰ (Huh et al. 1998; Misra and Froelich 2012). In 
general, the δ7Li values are similar to values reported from alpine rivers, e.g. in the Himala-
yan (from +10.2 ‰ to +25.0 ‰) (Kısakűrek et al. 2005) and the Mackenzie Basin in Canada 
(from +9.3 ‰ to 29.0 ‰) (Millot et al. 2010b) and a granitic catchment in the Vosges Moun-
tains in France (from +5.3 ‰ to +19.6 ‰) (Lemarchand et al. 2010).  

The lithium concentrations are in the range of 0.08 µmol/L to 32.42 µmol/L (n = 69). The 
Gunt river samples are in the range of 0.31 µmol/L to 4.30 µmol/L (n = 11), the northern 
tributaries 0.31 µmol/Ll to 4.28 µmol/L (n = 15), the southern tributaries 0.29 µmol/L to 
6.15 µmol/L (n = 14), the cold springs 0.18 µmol/L to 9.34 µmol/L (n = 13), wells 1.64 
µmol/L to 2.74 µmol/L (n = 2), hot springs 3.46 µmol/L to 32.42 µmol/L (n = 7) and lake wa-
ter 2.63 µmol/L (n = 1).  

Lithium isotopic compositions of the rivers flowing from the northern edge into the main 
stream range from +7.6 ‰ to +36.4 ‰ (n = 15), the rivers of the southern sub-basins vary 
between +5.6 ‰ and +22.2 ‰ (n = 15), the Gunt River has a range from +9.4 ‰ to 
+14.0 ‰ (n = 11). The lowest δ7Li values are represented by thermal water samples 
(+4.3 ‰ to +8.4 ‰, n = 7). The wide range of δ7Li values (+6.2 ‰ to +27.0 ‰, n = 13) of 
cold springs can be divided into two groups, the first group is defined by samples with high 
δ7Li values (+19.8 ‰ to +27.0 ‰) and very low Li concentrations, the second group shows 
medium to low δ7Li values (+6.2 ‰ to +10.9 ‰) and higher Li mineralization.  
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Table 5: Hydrochemical and isotope data for water samples in the Gunt River catchment. 

 

  

 

 

Water type Sample ID Date (MM/YYYY) Latitude 
(°dec N)

Longitude 
(°dec E)

Altitude 
(m a.s.l.) δ7Li (‰) 1σ 87Sr/86Sr 2σ Li (µmol/L) Na(µmol/L) Sr (µmol/L) fLi transit time 

(years)

Cold Spring 08/13-FT-043 08/2013 37.53677 71.65669 2447 22.8 0.1 0.71253 0.000014 0.6 177.5 0.8 0.5 0.3
Cold Spring 08/13-FT-044 08/2013 37.54603 71.68494 2430 19.8 0.7 0.71277 0.000017 0.2 149.2 1.0 0.2 1.0
Cold Spring 08/13-FT-045 08/2013 37.67589 71.83632 2580 8.6 0.9 0.71573 0.000019 7.1 487.2 1.6 2.0 16.5
Cold Spring 08/13-FT-231 08/2013 37.70640 72.20388 3024 26.9 0.6 0.71456 0.000014 0.7 111.4 1.0 0.9
Cold Spring 08/13-FT-244 08/2013 37.72536 72.29706 3241 20.04 1.82 0.71475 0.000018 0.27 42.24 1.0 0.9 0.1
Cold Spring 08/13-FT-246 08/2013 37.70785 72.31588 3095 6.2 0.1 0.71286 0.000018 2.3 182.3 1.1 1.7 1.3
Cold Spring 09/13-FT-021 09/2013 37.37196 71.66192 2597 9.2 0.4 0.71189 0.000019 3.9 179.6 2.7 3.0 0.9
Cold Spring 09/13-FT-022 09/2013 37.21067 72.07327 2980 10.88 2.58 0.71237 0.000019 7.92 761.20 4.9 1.4
Cold Spring 09/13-FT-051 09/2013 37.56946 71.71330 2577 21.9 0.3 0.71262 0.000018 0.3 72.6 0.6 0.5
Cold Spring 08/13-FT-382 08/2013 37.79355 73.39228 3900 6.17 1.10 0.71099 0.000017 4.61 556.76 2.4 1.1
Cold Spring 10/11-110 10/2011 37.67256 71.83347 2564 8.31 0.36 0.71560 0.000018 7.35 340.71 1.3 3.0 7.5
Cold Spring 03/13-110 03/2013 37.67256 71.83347 2564 8.11 0.01 9.34 7.5
Cold Spring 09-14-FT-382 09/2014 37.79355 73.39228 3900 9.54 0.21 5.26 565.46 1.28

Main stream 10/11-010 10/2011 37.48900 71.52244 2086 12.03 1.41 0.71430 0.00001 3.76 242.06 1.1 2.1
Main stream 10/11-030 10/2011 37.48312 71.59300 2102 10.77 0.05 0.71347 0.000013 2.87 219.75 1.0 1.8
Main stream 10/11-060 10/2011 37.56253 71.72122 2347 9.39 0.15 0.71341 0.000009 3.08 212.48 1.0 2.0
Main stream 10/11-080 10/2011 37.61490 71.75914 2467 0.71337 0.000016 1.0
Main stream 10/11-090 10/2011 37.63383 71.76953 2479 11.07 1.13 0.71337 0.000017 2.59 239.71 1.0 1.5
Main stream 10/11-140 10/2011 37.69903 71.91923 2648 9.64 0.08 0.71297 0.000018 2.45 252.72 1.1 1.3
Main stream 10/11-170 10/2011 37.72297 71.98008 2729 0.71278 0.000008 231.06 1.0 0.0
Main stream 10/11-210 10/2011 37.74389 72.14961 2934 10.91 0.71 0.71263 0.00001 3.05 268.51 1.1 1.6
Main stream 10/11-240 10/2011 37.71667 72.29867 3083 0.71200 0.000009 276.95 1.1 0.0
Main stream 10/11-270 10/2011 37.70639 72.35984 3131 13.53 0.11 0.71198 0.000007 1.24 294.00 1.2 0.6
Main stream 03/13-010 03/2013 37.48900 71.52244 2086 10.14 0.12 4.28 434.97 1.36
Main stream 06/12-210 06/2012 37.74389 72.14961 2934 10.47 0.08 1.65 189.65 1.20
Main stream 06/12-241 06/2012 37.71667 72.29867 3083 14.00 0.17 0.31 168.33 0.26
Main stream 06/12-270 06/2012 37.70639 72.35984 3131 12.94 0.11 1.29 201.39 0.88
Glacier melt 09/13-FT-305 09/2013 37.40882 72.81888 4716 17.44 0.66 0.71101 0.000017 0.14 4.35 0.3 4.6
Glacier melt 09/13-FT-306 09/2013 37.41198 72.81287 4594 28.18 1.63 0.71130 0.000011 0.78 25.84 0.7 4.2

Well 08/13-FT-351 08/2013 37.70458 72.94510 3760 14.25 1.55 0.71075 0.000019 2.74 900.39 2.9 0.4
Well 08/13-FT-381 08/2013 37.75088 73.26127 3892 16.67 0.28 0.71142 0.000016 1.64 548.06 2.6 0.4 0.2

Hot Spring 08/13-FT-290 08/2013 37.62829 72.54729 3512 4.50 0.92 0.71332 0.000016 23.05 4019.14 1.0 0.8 19.0
Hot Spring 08/13-FT-300 08/2013 37.62769 72.54786 3506 4.34 0.40 0.71330 0.000013 23.05 3958.24 1.0 0.8 50.0
Hot Spring 09/13-FT-023 09/2013 37.29031 72.22307 3184 6.41 0.88 0.71472 0.000018 3.46 1879.08 4.7 0.3
Hot Spring 10/11-290 10/2011 37.62816 72.54681 3512 5.86 0.13 0.71339 0.000088 25.52 3958.98 0.9 0.9
Hot Spring 10/11-300 10/2011 37.62812 72.54597 3506 8.39 0.22 0.71287 0.000009 32.42 4046.76 0.7 1.1
Hot Spring 03/13-290 03/2013 37.62816 72.54681 3512 6.26 0.01 31.55
Hot Spring 03/13-300 03/2013 37.62812 72.54597 3506 6.60 0.15 23.01

Northern tributary 08/13-FT-031 08/2013 37.52499 71.59907 2281 21.67 0.72 0.71142 0.000018 0.55 79.16 0.4 1.0 2.8
Northern tributary 09/13-FT-301 09/2013 37.49365 72.72764 3938 36.35 0.87 0.71165 0.000019 0.13 40.50 0.5 0.4
Northern tributary 10/11-050 10/2011 37.56416 71.72075 2368 18.11 0.08 0.71282 0.000012 0.27 41.10 0.3 0.9
Northern tributary 10/11-120 10/2011 37.69503 71.87072 2632 22.16 0.88 0.71850 0.000022 0.23 31.40 0.4 1.0
Northern tributary 10/11-130 10/2011 37.71169 71.89626 2654 18.90 0.51 0.71678 0.000015 0.14 35.80 0.6 0.5
Northern tributary 10/11-180 10/2011 37.72443 71.97808 2734 19.96 0.17 0.71727 0.000015 0.18 40.71 0.6 0.6
Northern tributary 10/11-190 10/2011 37.74238 72.02067 2787 15.42 0.30 0.71542 0.000017 0.13 42.67 0.6 0.4
Northern tributary 10/11-200 10/2011 37.73610 72.02978 2793 36.21 0.59 0.71184 0.00001 0.10 47.32 0.3 0.3
Northern tributary 10/11-230 10/2011 37.70762 72.20615 3020 20.10 0.60 0.71342 0.000018 0.30 64.55 0.3 0.6
Northern tributary 10/11-260 10/2011 37.70803 72.35799 3169 18.93 0.02 0.71231 0.000008 0.27 64.20 0.5 0.6
Northern tributary 06/12-120 06/2012 37.69503 71.87072 2632 7.63 0.11 0.08 39.58 0.28
Northern tributary 06/12-190 06/2012 37.74238 72.02067 2787 16.78 0.08 0.12 42.19 0.40
Northern tributary 06/12-200 06/2012 37.73610 72.02978 2793 9.04 0.50 0.15 46.98 0.43
Northern tributary 06/12-230 06/2012 37.70762 72.20615 3020 20.22 0.05 0.29 58.72 0.68
Northern tributary 06/12-260 06/2012 37.70803 72.35799 3169 15.44 0.07 0.22 60.03 0.51
Southern tributary 09/13-FT-028 09/2013 37.35390 72.42151 3418 22.22 0.82 0.71313 0.000014 0.75 110.92 0.9 0.9
Southern tributary 09/13-FT-302 09/2013 37.48068 72.78277 4274 15.15 0.48 0.71122 0.000018 0.66 28.23 0.6 3.2
Southern tributary 10/11-020 10/2011 37.47910 71.59096 2119 9.64 1.38 0.71605 0.000011 3.14 275.73 1.4 1.6
Southern tributary 10/11-040 10/2011 37.52754 71.65921 2291 10.13 0.45 0.71730 0.000017 1.47 108.05 0.5 1.9
Southern tributary 10/11-070 10/2011 37.56765 71.72877 2359 11.47 0.06 0.71336 0.000017 1.50 91.04 0.6 2.3
Southern tributary 10/11-100 10/2011 37.63468 71.79994 2570 11.54 0.43 0.71327 0.000017 0.88 70.81 0.3 1.7
Southern tributary 10/11-220 10/2011 37.69837 72.20995 3013 18.47 0.38 0.71402 0.000013 0.29 77.29 0.4 0.5
Southern tributary 10/11-250 10/2011 37.70237 72.34425 3142 12.57 0.40 0.71136 0.00001 0.59 53.07 0.4 1.5
Southern tributary 10/11-280 10/2011 37.70084 72.38910 3155 17.71 0.53 0.71201 0.000017 1.19 287.21 0.9 0.6
Southern tributary 03/13-020 03/2013 37.47910 71.59096 2119 8.18 0.16 6.15 495.87 1.71
Southern tributary 06/12-250 06/2012 37.70237 72.34425 3142 14.64 0.10 1.02 37.41 3.77
Southern tributary 06/12-280 06/2012 37.70084 72.38910 3155 15.19 0.02 0.71 135.28 0.72
Southern tributary 09/14-FT-302 09/2014 37.48068 72.78277 4274 5.63 0.11 0.85 52.20 2.23
Southern tributary 09-14-FT-024 09/2014 37.30929 72.22173 3197 16.62 0.09 1.29 204.44 0.87

Lake 09/14-FT-310 09/2014 37.791286 72.743397 3727 12.17 0.01 2.63 543.71 0.67
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The waters display systematically heavier lithium isotopic compositions relative to the bed-
rock and the suspended particulate matter (SPM). All lithium data of bedrock and SPM sam-
ples is reported in (Table 6). 
Table 6: Lithium isotope data of bedrock and suspended particulate matter in the Gunt catchment. 

 

The range of lithium isotope ratios from water analyses is higher and the water samples are 
also more enriched in 7Li than it is found in analysed SPM samples (from -9.6 ‰ to +0.3 ‰). 
The δ7Li from SPM is not significantly different from the δ7Li of bedrock (from -14.1 ‰ to 
+1.5 ‰). 

In contrast to the water samples, the majority of the analytical values of δ7Li from the geo-
logical environment (n = 15) showed negative values (meanδ7Libedrock = -5.5 ‰, n=14; 

meanδ7LiSPM = -2.5 ‰, n=8). Only one bedrock sample and one SPM sample show positive δ7Li 
values (maxδ7Libedrock = 1.5 ‰, maxδ7LiSPM = 0.3 ‰). The δ7Li values of bedrock and SPM are 
well in line with data published for granitic and granitoid environments (Huh et al. 1998, 
2001; Teng et al. 2009; Froelich and Misra 2014). 

Lithium concentrations in SPM range between 17.8 ppm and 41.1 ppm, which is also in line 
with data published for suspended loads, e.g. Huh et al. (2001). 

Bedrock samples display Li contents ranging between 4 ppm and 134 ppm. These values are 
also typical for granitic and granitoid environments (Shearer et al. 1987). 

6.2 Discussion of lithium isotopes 

6.2.1.1.1 Distribution of lithium isotopes in the Gunt catchment 

The Li isotopic composition of seawater is very homogenous and quite heavy with a global 
average of δ7Li = +31.6±1.6‰ (Lui-Heung and Edmond 1988). In contrast, river waters 

Sample 
type

Sample ID Date 
(MM/YYYY)

Latitude 
(°dec N)

Longitude 
(°dec E)

Altitude 
(m a.s.l .) δ7Li (‰) 1σ Li (ppm) Na(ppm) Description

bedrock 0909 A2 37.82425 73.43569 4018 -6.5 0.3 25.6 bt-granite gneiss
4726 A1 37.63427 73.0796 3876 -7.2 0.4 23.6 11350.4 Kfs-orthogneiss
4726 C1 37.48713 72.74987 4206 -10.9 0.4 33.6 11610.1 bt-granite
4726 H1 37.71780 72.234 3037 -1.7 0.6 29.2 pegmatitic gneiss 
4727 A1 37.71080 71.96935 2728 1.5 0.3 4.5 10089.3 pegmatite
4727 B1 37.70180 71.88482 2625 -2.1 0.6 31.5 8457.2 two-mica orthogneiss
6827 A2 37.39782 71.64978 2383 -2.5 0.2 134.9 granite
6901 A2 37.36733 72.36718 3376 -1.4 0.7 11.5 10571.5 post-migmatitic leucogranites
6901 B1 37.34290 72.56252 3702 -5.3 0.1 36.8 14540.4 rt-sil-gneiss intruded by granitoids and pegmatites
6903 C1 37.73187 72.40135 2241 -7.1 0.01 33.5 10093.0 kfs-granite
6904 E1 37.71355 71.78952 4194 -0.6 0.2 13.4 16098.3 granite
6904 F1 37.70583 71.7888 3827 -14.1 0.3 10.2 12418.7 foliated granite
6904 H1 37.67800 71.8028 -5.5 1.0 4.0 well-foliated quartzite
6904 P2 37.63996 71.74479 3544 -11.8 0.4 18.6 10682.8 granite-gneiss
9917 A1 37.78044 72.87642 3781 -3.9 0.1 42.4 9199.1 hbl-granodiorite

sediment SPM 03 G 03/2013 37.48900 71.52244 2086 -2.9 0.2 37.5 Gunt
SPM 03 P 03/2014 37.70762 72.20615 3020 0.3 0.0 17.8 Patkhur
SPM 03 S 03/2015 37.47910 71.59096 2119 -3.3 0.2 41.1 Shakhdara
SPM 04 G 04/2013 37.48900 71.52244 2086 -0.3 0.0 25.9 Gunt
SPM 04 P 04/2014 37.70762 72.20615 3020 -0.6 0.1 24.2 Patkhur
SPM 04 S 04/2015 37.47910 71.59096 2119 -3.0 0.0 36.0 Shakhdara
SPM 05 G 05/2013 37.48900 71.52244 2086 -1.5 0.2 40.5 Gunt
SPM 05 P 05/2014 37.70762 72.20615 3020 -1.6 0.0 23.9 Patkhur
SPM 05 S 05/2015 37.47910 71.59096 2119 -9.6 0.1 36.7 Shakhdara
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weathering of the continental crust show a large range of δ7Li (from +6 ‰ to +42 ‰) in wa-
ter due to the fractionation between dissolution and secondary minerals during weathering 
processes (Pogge von Strandmann et al. 2014). As shown in a lab experiment by Millot et al. 
(2010a), the dissolution of lithium from rock material in water leads to a fractionation. The 
7Li is preferably leached in comparison to 6Li. During weathering preferentially the heavy 7Li 
migrates into waters and the lighter 6Li is left in the solid weathered residual (Tang et al. 
2007; Misra and Froelich 2012). In tectonically active regions weathering may become 
larger because weathering is rapid in these regions (Huh et al. 2001; Tang et al. 2007; Fro-
elich and Misra 2014). The Li isotopic composition of continental granites and their meta-
morphic equivalents range between -6 ‰ and +14 ‰ (Tomascak et al. 2016).  

In the presented sample set, the SPM samples show δ7Li values similar to the bedrock (Fig-
ure 46) indicating the SPM is a result of physical weathering of the bedrock.  

 
Figure 46: δ7Li in rock samples and Suspended Particulate Matter. 

The SPM samples were taken at three different locations: from the drain of the most glaci-
ated catchment Patkhur, the biggest Gunt-tributary Shakhdara and from the Gunt river itself. 
In Froelich and Misra (2014), lithium isotopic composition of SPM depends on the source of 
the SPM and the duration of dilution. That means, the longer the SPM is in contact with wa-
ter, the lighter the isotopic composition of SPM is and the heavier the isotopic signature of 
the liquid. The three SPM sampling points support this theory. The shortest river Patkhur 
shows the heaviest lithium isotopic composition in SPM (mean δ7Li = -0.65 ‰). The Gunt 
river itself, which is the longest river in the catchment, shows medium isotopic ratios in SPM 
(mean δ7Li = -1.58 ‰). Its longest tributary Shakhdara instead shows the lightest isotope 
ratios (mean δ7Li = -5.31 ‰). This phenomenon is a result of the hydromorphological set-
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ting in the catchment. The Gunt river has lots of small tributaries that contribute to the run-
off and which might show lithium isotopic signatures as heavy as the Patkhur. By mixing the 
heavy δ7Lisignature in SPM of the small tributaries with the light δ7Li signature in SPM of the 
Shakhdara, the result is a medium δ7Li signature in SPM. To strengthen these hypotheses, 
more lithium-analyses of SPM-samples are necessary. 

Generally there is a negative relationship between dissolved Li concentrations and δ7Li in 
the water samples in Figure 47. The river water samples (main stream and some tributaries) 
show a pattern in their δ7Li values with higher values in tributaries from the North and me-
dium enriched δ7Li values in the Southern tributaries. The lowest δ7Li values can be de-
tected in the hot spring samples.  

Subsurface water samples from cold springs can be divided into two groups, one group 
(group I) with high δ7Li values and low Li concentrations and the other group (group II) 
with low δ7Li values and high Li concentrations, respectively. Group (I) sampling points are 
mainly located in the northern sub-basin area, while Group (II) samples were taken in the 
southern part of the Gunt catchment area or nearby the Gunt river (Figure 47).  

 
Figure 47: Evolvement of δ7Li in water in respect to bedrock and suspended particulate matter. 

It can be supposed that the differences in the δ7Li values between the northern and southern 
tributaries are due to different mean catchment area sizes, flow length (Appendix Figure 2) 
and thus different transit times in the catchment as well as different weathering properties. 
The subcatchments at the northern border with higher δ7Li values are related to smaller 
catchment areas (areamean=26 km²) and shorter flow paths (flow lengthmean=17 km) with at 
the same time shorter flow times. Southern subcatchments show contradictory characteris-
tics (areamean=104 km²; flow lengthmean=55 km) (Appendix Figure 2). They, instead, show 
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lower δ7Li values than the northern tributaries and have higher Li concentrations. There-
fore, it is concluded, that the southern tributaries are characterized by longer transit times 
than the northern tributaries. However, the Li concentration in the southern catchments is 
lower than the concentration of the Gunt river itself and obviously lower than the Li concen-
tration of the hot springs. Further, the δ7Li values of the Gunt river and the hot springs are 
lower than the δ7Li values of the tributaries. Consequently, it indicates that, as expected, the 
transit times of the Gunt river is longer than the transit times of the tributaries and the 
transit times of the hot springs are the longest. Measurements of 3H in the water samples 
support this interpretation. Water samples of the hot springs show 3H values below 0.5 TU 
while river water samples show higher 3H values indicating longer transit times or higher 
mean residence times for the hot springs than for the river water. 

The Li isotope pattern of the subcatchments includes additional information: the higher the 
degree of glaciation in the catchment, the higher is the δ7Li value. Already major ion evalua-
tion showed the positive relationship between the percentage of glaciation of a catchment 
and the level of mineralization. The subcatchments at the northern border with higher δ7Li 
values show a mean area of glaciation of 10.6 km², the southern subcatchments 5.4km², re-
spectively (Appendix Figure 2). This can be explained by (i) the finger print of the glacial 
meltwater, which shows high δ7Li values and low Li concentrations and by (ii) the smaller 
rate of water rock interaction (WRI) related to shorter flow path of the river. 

The same interpretation of the lithium isotope values of the tributaries is applicable to the 
cold springs as well. Due to the geomorphological situation in the Gunt catchment it can be 
assumed that the hydrogeological catchments have a similar course to the hydrological 
catchments. Therefore, the catchment areas of Group (I) should be significantly smaller than 
those of Group (II). Smaller catchment areas with the same morphology and porosity should 
have shorter transit times, so that lower water-rock interaction can be assumed for smaller 
catchment areas. This becomes apparent in comparing the transit times of the springs: cold 
springs at the northern flank of the catchment are characterized by small RTs and springs in 
the southern part show higher RTs.  

6.2.1.1.2 Reactive transport modelling using lithium isotopes 

For assessing the controls on evolution of Li isotope ratios along a flow path a model can be 
used. That model should incorporate simple formulations of the main processes. In this 
study we modified and then applied a reactive transport model after Pogge von Strandmann 
et al. (2014) (Equation 17) by integration estimated RT (𝜏𝜏) (Equation 18 and Equation 19). 
In the model of Pogge von Strandmann et al. (2014) the following processes have a major in-
fluence on the lithium isotopic composition in water: 

• Advective transport 
• The dissolution rate of rocks, where ions are dissolved from the rock and released 

into the water. The weathering rate is mineral-specific and can be described in a 
first-order rate constant. 

• The precipitation rate of lithium, where lithium is removed from the water according 
to a first order rate constant. This value depends on the phase in which the element 
will be incorporated.  
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Adsorption and desorption. Each is also controlled by first order rate constants. 
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Equation 17: Evolution of 7Li/6Li along the flow path according to Pogge von Strandmann et al. (2014). 𝛼𝛼𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ= 
fractionation during weathering, 𝛼𝛼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝=fractionation during precipitation of secondary minerals, 
𝑟𝑟=index for rock, 𝑄𝑄=precipitation rate, 𝑥𝑥=distance, 𝜈𝜈=flow velocity, 𝑆𝑆𝑆𝑆=index for steaty state, 𝑤𝑤=index 
for water, 0=index for initial.  

Where x can be substituted by the RT (𝜏𝜏) in years: 
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Equation 18: Adaptation of Equation 17 by consideration of RT (Equation 19). 

Where (𝜏𝜏) is given by: 

 𝜏𝜏 =  𝑥𝑥
𝜈𝜈
 

Equation 19: Simple estimation of RT. 

The derivation of these values and the implementation into the final equation are published 
in Pogge von Strandmann et al. (2014), the values used for modeling the lithium isotopic sig-
nature of water samples in the Gunt catchment are presented in Appendix Table 9.  

The model calculates the development of the lithium isotope signatures and the lithium con-
centrations along the flow path of groundwater or river water, respectively. Therefore, the 
δ7Li and the Li concentration are dependent on the distance a water package has covered 
from its entrance to the water body up to the sampling point. The length of the flow path or 
distance can be substituted by the transit time of a water package if the flow velocity is 
known. 

 The advective velocity is supposed to be fast (1*10-4 m/s) depending on the coarse material 
(sand to gravel) the water has to pass through. This is in line with the findings presented in 
Pohl et al. (2015).  

Assuming steady state conditions in the (ground)water the lithium isotopic composition in 
the water will only be affected by the bedrock the water is flowing through. If the physico-
chemical conditions in the water change, the concentration of lithium changes exponentially 
(Pogge von Strandmann et al. 2014).  
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The model, therefore, requests two input parameters that have to be generated from field 
samples: the lithium isotope ratio and the lithium concentration of each of the water source 
and the bedrock the water is flowing through. 

As input values representing the water source the measured-values of glacier ice and precip-
itation are used, because it is assumed that nearby precipitation one main contributor to the 
hydrological system is glacier melt water (Appendix Table 9). 
Table 7: Isotope ratios for bedrock samples in the Gunt River basin, and their Li concentrations used in the reac-

tive transport model. Class 1 represents the minimum δ7Li value of bedrock, class 2 the maximum, 
class 3 the mean value and class 4 represents the special location Djelondi (bedrock sample ID 4726-
C1), where the hot springs emerge. 

Class ID δ7Li 

(‰) 

CLi 

(ppm) 

Class 1 Min -14.1 10.2 

Class 2 Max 1.5 4.5 

Class 3 Mean -5.5 22.7 

Class 4 4726-C1 -10.9 33.6 

 

Due to the fact that the large Gunt River catchment is characterized by about four to five lith-
ological types (Brehme 2014; Pohl et al. 2015) a variety of 15 rock samples throughout the 
catchment were selected for lithium (isotope) analysis (Table 6). Out of these 15 isotopic 
signatures four model inputs were chosen: the minimum value, the maximum value, the 
mean value and an isotopic signature representing the surrounding bedrock of the particu-
lar case of the hot springs in Djelondi (Table 7). 

In Figure 48 the modelled curves for the four assumed lithological classes are plotted. The 
highest δ7Li values for each lithological class can be found up to the time point of around 2 
years. After an expected transit time of 2 years, the δ7Li values decrease (class 2) or tend to 
reach stable status (classes 1, 3 and 4). It is obvious that at the time point of around 10 years 
in all classes a steady state is reached. 

At nine sampling locations transit times of different water samples are determined (Table 
5). The estimated transit time vs. δ7Li -values of the mentioned samples (n = 9) is added. All 
the observed-values are in the range of the modelled curves. Therefore, it can be assumed 
that the input parameters of the model are in the correct range. As Figure 48 shows, the 
sample set can be distinguished into two groups (A) and (B). Group A is characterized by 
short transit times and high δ7Li values of more than +15 ‰. The best model fit for group 
(A) can be found by using the highest δ7Li value of bedrock (+1.5 ‰). Group (B) shows 
lower δ7Li values (<+10 ‰) and represents the classes of the lithological δ7LiClass_3 value of -
5.5 ‰ and of the δ7LiClass_4 value of -10 ‰. For group (A) transit times of ≤2 years and for 
group (B) transit times of ≥10 years up to at least 50 years can be postulated.  
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Figure 48: δ7Li ratios as a function of flow distance overlain by model results for four modelled classes. The clas-

ses represent the range of lithium isotopic signatures of the bedrock. Class 1 = minimum, class 2 = 
maximum, class 3 = mean, class 4 = special value of location 4726-C1 (hot springs Djelondi). 

The results of the reactive transport modelling show, that water samples with high Li con-
centration and low δ7Li (≤+8 ‰) values must have reached a chemical and isotopic equilib-
rium state in accordance with local geochemical conditions due to comparably long transit 
times and persistent water-rock interactions in the subsurface. That means hot spring-sam-
ples and the Gunt river samples are at steady-state. If the presented lithium isotope values 
are set in relation to the transit time, it can be found that steady state conditions are reached 
at a time point of around ten years and is not influenced by the lithological class. The steady 
state of the Li concentration and Li isotopic ratio depends on W/Q ratios, the porosity (n) 
and the fractionation factor (α).  

Enriched δ7Li signatures are caused by flow paths with relatively short transit times far be-
low ten years. The high δ7Li values are a result of combination of high weathering-precipita-
tion-rates (W/Q) of primary minerals (bedrock) with low weathering-precipitation-rates of 
secondary minerals sections. The isotopic process that takes places during weathering and 
precipitation of minerals can be described in an exponential relation, also called Rayleigh 
fractionation, resulting in an increase in δ7Li values. Additionally, a huge variety in lithium 
isotopes in dissolved lithium is found indicating weathering as highly dynamic process. The 
high δ7Li values and low Li concentrations of the northern catchments are well in the range 
of reported data by Kısakűrek et al. (2005), Millot et al. (2010a), Pogge von Strandmann et 
al. (2014), which linked their findings to strong silicate weathering. 

By interpreting the lithium isotope data, final conclusions comprises the following facts: (I) 
the northern subcatchments are characterized by short transit times (RT) of ≤2 years; (II) 
the Gunt river and hot springs show RT ≥10 years and (III) most of the southern tributaries 
range between 2 years and 10 years RT. Due to the fact that the cold springs are behaving 
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like the tributaries and any contribution of an unknown groundwater source was not detect-
able, it can be constituted that (IV) no unknown groundwater source plays any important 
role in generation of runoff in the Gunt catchment. 

A combination of lithium isotopes and strontium isotopes (Figure 49) in the water samples 
does not show any correlation. Where strontium is an indicator for carbonate weathering 
and rock dissolution processes without fractionation (Faure 1986), the water analyses of the 
tributaries, Gunt, springs and glacier range between 0.710 and 0.719 of 87Sr/86Sr without 
any systematically pattern related to their origin. 

Consequently, most riverine Li derives from silicate lithologies of the Precambrian meta-
morphites and Mesozoic and palaeogenic granite intrusions and there is no carbonate 
weathering control on the Li isotopic composition (Huh et al. 1998; Kısakűrek et al. 2005; 
Millot et al. 2010b). So, the concentration of Li in the dissolved load of the rivers is con-
trolled by silicate weathering. 

 
Figure 49: Sr-isotopic signature vs. Li-isotopic signature of water samples. 
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Figure 50: Li-isotopic composition in the water samples as a function of Li/Na ratio. 

Liu et al. (2015b) discussed a negative correlation between δ7Li und molar Li/Na-ratio as an 
indicator for high chemical weathering. Na and Li are alkali metals that are mobile during 
water rock interaction. Na stays mobile after dissolution while Li is likely to be incorporated 
into secondary minerals. Since there is no clear correlation of the whole dataset when com-
bining molar Li/Na ratio with δ7Li (Figure 50), it can be concluded that not the whole catch-
ment is characterized by strong chemical weathering but rather by dissolution of primary 
minerals of the igneous rocks. Looking instead only on the southern tributaries, the Gunt 
river and the hot spring samples, these samples tend to show a negative relationship be-
tween δ7Li and the Li/Na ratio. Therefore, for these samples it can be assumed that chemical 
weathering takes place. Additionally the Li/Na ratio can be used as an index of Li mobility 
(Millot et al. 2010b). The fraction of Li remaining in solution relative to Na can be defined af-
ter Millot et al. (2010b) as follows:  

fLi =  
(Li/Na)dissolved
(Li/Na)bedrock

 

Equation 20 

By comparing the Li/Na ratio of the dissolved load to the Li/Na-ratio of the bedrock the re-
sult shows, if chemical weathering is congruent (fLi = 1) or if dissolution, which is thought to 
be incongruent, (fLi≠1) plays the main role (Table 5). The reincorporation of Li into second-
ary phases leads to Li/Na-ratios<1, fLi>1 instead shows a preferential leaching of Li com-
pared to Na. The calculated mean fLi in the Gunt catchment (Li/Nadissolved_mean water : Li/Nabed-

rock_mean bedrockvalue) is 1.3. This indicates that the reincorporation of Li into secondary minerals 
is not the most important process in the whole Gunt catchment, but also cannot be excluded. 
The Gunt catchment is dominated by physical weathering and mineral dissolution with pref-
erential leaching of Li. By combining the isotopic composition of dissolved lithium with the 
fLi (Figure 51), the data shows two clusters (a) and (b). In cluster (b) a remarkably correla-
tion (r² = 0.61) is detectable. This correlation can be explained by two endmembers. 
Endmember 1 is characterized by high δ7Li values and a high fLi, which represents low or no 
incorporation of Li in secondary minerals. This is fully comprehensible, because this end-
member consists of samples from juvenile glacier melt water. End-member 2 is character-
ized by low δ7Li values and a low fLi, represented by the hot springs’ samples. The fLi below 1 
is an indication for proceeding weathering, where Li is incorporated into e.g. secondary min-
erals. However, e.g. Froelich and Misra (2014) showed that the lighter 6Li is preferred to be 
incorporated. So finally, when Li is incorporated into secondary minerals, the clay shows 
lower δ7Li signatures and the remaining water shows higher δ7Li values. Therefore, integra-
tion of lithium into secondary minerals cannot explain the isotopic signature of end-member 
2. Evidently the Li isotopic signature of endmember 2 is a result of dissolution of lithium 
from the bedrock material. During dissolution, the Li concentration in the solution is rising 
and the Li isotopic signature of the dissolved lithium is declining (Millot et al. 2010a). 
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Figure 51: Lithium isotopic composition in the dissolved load as a function of fLi. 

Cluster (a) instead comprises low Li concentrations and high δ7Li. This can be explained ei-
ther by mineral dissolution or the incorporation of 6Li on Fe-oxyhydroxide surfaces, typical 
arising from weathering of Fe-minerals from the ingenious rocks and metamorphic rocks 
(e.g. amphibolite, biotite, garnet) (Wimpenny et al. 2010). Mn and Fe deposits are often 
found in the river bedloads in the Gunt catchment, e.g. at the surfaces of rocks and boulders. 
By application of PHREEQC (Parkhurst and Appelo 1999; Merkel et al. 2005), saturation in-
dices (SI) were calculated for the weathering products goethite (clay mineral group) and 
hematite (Appendix Table 6). All water samples are oversaturated in those two mineral spe-
cies, which is not correlated with the δ7Li in all water samples. This confirms the assump-
tion, that δ7Li is not controlled by mineral-specific fractionation. 

6.3 Conclusions to lithium isotopes and water-rock-interaction 

Lithium and its isotopes are usually used as proxies for silicate weathering and only in a few 
case studies the connection between the lithium isotope system and transit times was inves-
tigated. However, the main causes for the behavior of lithium isotopes in natural environ-
ments are not fully known. Lithium concentrations and lithium isotope compositions in vari-
ous water reservoirs (rivers, groundwater, thermal water, lakes), in solid rocks and sus-
pended solids (SPM) were analyzed. High lithium isotope signatures in the water samples 
and low lithium isotope values for the solid rock and the SPM were measured. The most im-
portant mechanism for producing 7Li-enriched waters is leaching of silicate rocks along the 
flow path of the groundwater and surface water in the catchment area. The dissolution of 
lithium leads to higher lithium concentrations in the water phase whereas δ7Lidissolved de-
creases. 
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A relationship between the Li isotope composition and the residence time (RT) of water 
samples in the exemplary catchment area was found. With increasing flow length and there-
fore increasing RT an increasing water-rock interaction (WRI) is supported. This is charac-
terized by lithium isotope fractionation, which takes place during the chemical weathering 
and dissolution of lithium of the bedrock material. Therefore, samples with low lithium con-
centration and high δ7Li values have small RT with low WRI, samples with high Li concentra-
tions and low δ7Li values have higher RT and higher WRI. The δ7Li signatures of the water 
samples depend on the δ7Li signature of the bed rock material. A steady state is reached be-
tween dissolution of bedrock and precipitation of secondary minerals at least for the main 
stream and the hot springs. 

To get more robust information on linking lithium isotopes with transit time estimation, 
more research on the potential of using lithium isotopes for age dating is necessary. For that, 
a combination of multiple age tracers is suggested. 
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7 Summary 
The Pamir Mountains in Tajikistan are part of a semi- to cold-arid mountain region in Cen-
tral Asia. Its snow and glacier deposits are the source of one of the largest Central Asian riv-
ers - the Amu Darya. The development of the further availability of this important fresh wa-
ter resource depending on factors such as climate change is in the focus of water manage-
ment discussions. For this, the actual hydrological condition of the high-alpine catchment of 
the Gunt river is defined exemplary for the Pamir. By application of hydrochemical tracers 
(major ions and physico-chemical parameters) and isotope hydrological methods (δ2H, 3H, 
δ18O, δ7Li, 87Sr/86Sr, noble gases), basic hydrological processes are identified and described. 

The following emphases build the framework of the dissertation: 

 Subproject 1 - Characterization of precipitation and river water by using oxygen and 
hydrogen isotopes 

The origin of precipitation and evolution of river water have been investigated with oxygen 
and hydrogen isotopes in those waters. 

The investigation of the stable isotope composition of the river waters shows very low δ18O 
and δ2H values that means that they are strongly depleted with respect to 18O and 2H. Such 
values are typical for high mountain regions. However regional inhomogeneity in the catch-
ment causes also a wide range of isotope ratios: due to increasing distance from the source 
of precipitation and the increasing height of the catchment area towards the west, waters 
with heavier isotope signatures are more likely in the western part of the catchment area 
and towards east a further decrease of δ18O and δ2H values is detectable. The northern 
catchments show higher δ18O and δ2H values than the southern catchments, which is mainly 
reasoned by the distribution of precipitation in the catchment area: the northern subcatch-
ments are on the windward side of the mountains, that means the side facing the weather of 
the mountains, and thus receive more precipitation than the southern subcatchments. Con-
sequently, more enriched rainwater remains in the northern catchment areas than in the 
southern catchment areas. Furthermore, the isotopic composition of the main stream is pri-
marily characterized by the isotopy of Lake Yashilkul, which contains enriched water due to 
strong evaporation. With increasing flow length of the Gunt, the enriched water mixes with 
the isotopically depleted water of the subcatchments. As the flow length of the main stream 
increases, its isotope ratios become smaller. In addition to the regional effects in the water 
isotopes, seasonal effects are also important: In winter the water is characterized by particu-
larly low δ18O and δ2H isotope values. These values increase in the course of the year and 
reach their maximum in summer. The low values come from the base runoff, which is char-
acterized by low δ18O and δ2H values and must be therefore generated at a high altitude. In 
spring and summer, water more enriched with heavier isotopes is added to the runoff, 
caused by the melting of snowfields and glaciers. In addition to those higher δ18O and δ2H 
values, these meltwaters are also characterized by a comparatively higher d-excess, which is 
typical for precipitation coming from arid regions and thus indicates re-evaporation effects. 
Furthermore, the high d-excess values in the river waters and in the precipitation also indi-
cate that the precipitation is mainly transported into the catchment area by sources where 
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re-evaporation plays an important role like south-westerly winds. The sources of precipita-
tion lie in the Atlantic Ocean, the Mediterranean Sea, the Caspian Sea and the Persian Gulf. 
This is confirmed by a backtracking model (HYSPLIT) based on the modelling of air mass 
flows. The monsoonal influence could neither be confirmed nor denied by the stable iso-
topes. In order to better understand its influence, more detailed studies are necessary.  

 Subproject 2 - Assessment of the hydrochemical system using descriptive statistical 
analysis methods 

To describe the hydrochemical system in the Gunt catchment, water samples were analyzed 
for their major ion concentrations and physicochemical parameters (pH, T, EC). To evaluate 
the analytical results, descriptive statistical analysis methods were applied, e.g. frequency 
distribution, box plots, correlations. 

The hydrochemical investigation of the river waters shows that the basic composition is 
mainly caused by the local geology. Calcium bicarbonate waters dominate the catchment 
area. In the course of the year, fluctuations occur in the strength of the mineralization of the 
waters, whereby the basic chemical composition remains constant and the river waters 
show highest dissolved contents in winter month. With the onset of snow and of glacier 
melting, less mineralized water is added to the comparably high mineralized water, so that 
the outflow increases but the mineralization decreases. There are additional local entries of 
evaporitic and silicate waters, mostly from hot springs.  

Correlation analyses have shown that the strength of the mineralization of the water is 
clearly related to increased permafrost and glacier cover. In addition, the size of the sub-
catchments plays a role in the level of mineralization, meaning that catchments with a larger 
area show also higher concentrations of major anions and cations. Higher elevated catch-
ments also have a higher permafrost and glacier cover, which delays the interaction of sur-
face water with the bedrock and can therefore cause higher mineral concentrations at low 
altitudes.  

Northern and southern subcatchments are clearly distinguishable in grades of mineraliza-
tion in the river waters on the basis of different characteristics of catchments: generally, the 
northern subbasins have lower mineralization grades than the southern ones. In comparison 
with the northern subcatchments, southern ones comprise (i) a larger area and thus allow a 
stronger interaction between water and rock on a longer flow path, (ii) are flatter and cause 
a slower flow velocity of the rivers and also allow a stronger water-rock-interaction, (iii) are 
less glaciated than the northern catchment areas, which has a positive effect on the minerali-
zation of river waters in this case.  

The highest ion concentrations are found in the river Gunt itself, because it receives already 
higher mineralized water from the lake Yashilkul. Additionally, higher mineralization in the 
Gunt is caused by more intensive water rock interaction in comparison to its tributaries due 
to its bigger size, higher water input and flow length.  

 Subproject 3 - Characterization of water-rock interactions with lithium isotopes with 
respect to residence times (RT) 
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Shallow groundwater resources and water-rock interactions are investigated by using lith-
ium isotopes. The lithium isotope ratios are set into relation to transit times by modification 
and application of the reactive transport model of Pogge von Strandmann et al. (2014). 

The lithium isotope ratios of water are primarily influenced by the geological conditions in 
the catchment area. The most important mechanism in the Gunt river waters to obtain 7Li 
enriched water is to dissolve the silicate rock along the flow path rather than the process of 
incorporation of 6Li in secondary minerals.  

The transit time of the water has an influence on the evolution of the lithium isotopic com-
position in water. The longer the transit time, the lower the δ7Li values. The RT of the tribu-
taries in our catchment area is determined in particular by the size of the subcatchments. 
This is reasoned by the comparatively homogeneous geological and geomorphological basic 
conditions of the subcatchments and the coarse superficial material. By using a reactive 
transport model it is shown that the lithium isotopy in our exemplary catchment area ap-
pears to depend on the transit time of the water and that approximate estimates of the 
transit times can be made by knowing the δ7Li values in water and rock. 

This multi-tracer approach allows to get a detailed picture on the flow regime and chemical 
evolution of the river water of two to three circles of season and gives the important fact 
that chemical weathering is not that strong as physical weathering is. This leads to the con-
clusion that the catchment area of the Gunt is a geomorphologically young catchment area, 
which reacts quickly due to its climatically, geological and geomorphological conditions. 
There are clear regional and seasonal variations in all investigated parameters. Due to the 
hydrochemical and isotopic analysis of river water and the geomorphological characteristics 
the catchment area can be clearly subdivided into northern catchment areas, southern 
catchment areas and the eastern plateau, which is mainly characterized by the lake Yashilkul 
and the main river Gunt collecting all signals. In the δ18O and δ2H values and in the major an-
ions and major cations, a clear annual cycle is recognizable. This shows that snow melting 
and glacier melting are the dominant processes for runoff formation and that runoff is less 
strongly fed by large groundwater deposits. Mean transit times of <2 years at exemplary 
cold springs and in wells in the steep northern subcatchments result in high δ7Li values. The 
southern subbasins and the Gunt river itself show lower δ7Li values which can be explained 
by the longer transit time between 2 and 10 years. The hot spring samples showed the low-
est δ7Li signature and 3H values <0.5 TU indicating long transit times of up to 50 years. The 
calculated results reflect the natural conditions of the above-mentioned influence of perma-
frost and slope gradient and therefore low retention of meltwater in deeper aquifers.  

The glaciers in the catchment area of the Gunt are also affected by strong melting processes. 
This in turn would mean that the investigated catchment is very sensitive to any changes of 
water input from the available current glacier decreases and the current meteorological cir-
culations containing poor precipitation from the Atlantic, the Mediterranean, the Caspian 
Sea and the Persian Gulf and it also would be affected by increasing water scarcity in the 
next decades.  
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8 Outlook 
This study gives an overview about the general hydrological situation and hydrochemical 
processes that take place in the Gunt catchment as part of the Pamir Mountains. For further 
understanding of short term and long-term changes through impact of climate change and 
human activities in the Pamir Mountains or even the whole Third Pole Environment, contin-
uative investigations based on the following research questions are necessary: 

 The influence of the Indian summer monsoon in the Pamir is still under discussion 
and needs to be further investigated. This could be carried out by high resolution 
isotope measurements of precipitation at diverse meteorological stations on various 
altitudes in the Pamirs based on the assumption that precipitation transported via 
monsoonal drifts can be distinguished by enriched δ18O and δ2H isotope ratios.  

 The influence of the different wind systems on the whole Pamir region is not com-
pletely understood. Will climate change have an impact on the meteorological circu-
lations and therefore on the availability of precipitation in the Pamir mountains? 
The information generated for the Gunt catchment must be extended to the whole 
Pamir Mountains. This can be done by collecting and analyzing precipitation and the 
application of remote sensing data and modelling instruments.  

 The amount of annual groundwater recharge in the Pamirs and the occurrence of 
deeper groundwater reservoirs in the Eastern Pamir Mountains is unknown. Is glac-
ier melt or snow melt the dominant contributor to runoff? If glaciers are the most 
important inputs for groundwater recharge, what are the future consequences of 
this melt for the region’s water system? Does melting permafrost end up in ground-
water recharge?  

 The evolution and transit times of thermal water and the vulnerability of this re-
source is an open question. What are the sources of thermal water – infiltrating melt 
water from snow, glaciers or melting permafrost? Are there links between the oc-
currence of hot springs and tectonic processes? Groundwater age dating and hydro-
chemical methods would provide information about the flow path. 

 The application of lithium isotopes for derivation of the strength of water-rock inter-
action and rough transit time estimation needs much further and deeper investiga-
tion, especially in multi lithology regions. Therefore, it is necessary to apply lithium 
isotope measurements in further catchments. Additionally, it is indispensable to use 
“conventional” age dating parameters to estimate mean residence times (MRT). 
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10 Appendix 
Appendix Table 1: Overview about location, sampling rhythm, sampling period of all water samples that were 

collected in the Gunt catchment. 

 

Location number name Latitude (°dec N) Longitude (°dec E) Altitude (m a.s.l .) Sampling interval Sampling period Number of samples Water type

010 Gunt 37.488998 71.522440 2086 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 main stream

020 Shakdara 37.479097 71.590958 2119 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from south

021 Tusion 37.371956 71.661920 2597 once fieldtrip 08/2013 1 cold spring
022 Sejd 37.210668 72.073271 2980 once fieldtrip 08/2013 1 cold spring
023 Kök 37.290308 72.223074 3184 once fieldtrip 08/2013 1 hot spring

024

Shakhdara - 1 km 
downstream 

Nimos 37.309291 72.221727 3197 twice
fieldtrip 08/2013, 

09/2014 2 tributary from south
025 Nimos 37.318953 72.223556 3232 once fieldtrip 08/2013 1 tributary from north
026 Shoshboard 37.352598 72.279145 3256 once fieldtrip 08/2013 1 tributary from north

027

1. northern 
tributary to 
Shakhdara 37.381183 72.349193 3410 once fieldtrip 08/2013 1 tributary from north

028
Shakhdara - near 

Javshangoz 37.353898 72.421511 3418 once fieldtrip 08/2013 1 tributary from south
029 Drumdara 37.213667 72.069617 2972 once fieldtrip 08/2013 1 tributary from north

0210

Shakhdara - 
upstream from 

Shohirizm 37.187711 72.004561 2866 once fieldtrip 08/2013 1 tributary from south

030
Gunt - near Pamir 

Energy 37.483121 71.593002 2102 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 main stream

031 Bidurd 37.536774 71.656691 2281 three times
fieldtrip 03/2013, 
08/2013, 09/2014 3 tributary from north

032 Outflow in gallery 37.516806 71.591597 2252 once fieldtrip 09/2014 1 cold spring

040=510 Bogevdara 37.527538 71.659213 2291 monthly
fieldtrip 08/2011, 
10/2011-11/2014 21 tributary from south

041 Gunt 37.532833 71.657444 2273 monthly 11/2011-11/2014 34 main stream
042=500 Zjemjetdara 37.531897 71.655217 2295 monthly 04/2013-11/2014 12 tributary from north

043
Bogev - debris 

cone 37.536774 71.656691 2447 once fieldtrip 08/2013 1 cold spring
044 Manem 37.546034 71.684943 2430 once fieldtrip 08/2013 1 cold spring

045
Navabad - 
upstream 37.675889 71.836321 2580 once fieldtrip 08/2013 1 cold spring

050 Barsemdara 37.564161 71.720747 2368 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from north

051 Barsem 37.569462 71.713297 2577 once fieldtrip 08/2013 1 cold spring
060 Gunt 37.562528 71.721222 2347 monthly 10/2011-11/2014 36 main stream

070 Shirindara 37.567649 71.728767 2359 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from south

080
Tang - Reservoir 

from Pamir Energy 37.614902 71.759137 2467 monthly
fieldtrip 08/2011, 
10/2011-02/2013 18 main stream

090 Gunt 37.633831 71.769528 2479 monthly 10/2011-11/2014 35 main stream
091 Gunt 37.644333 71.792611 2510 once 11/2011 1 main stream

100 Rivakdara 37.634681 71.799942 2570 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from south

101=520 Big Mundara 37.663778 71.820516 2580 monthly 06/2013-11/2014 9 tributary from north
102=530 Gunt 37.671211 71.832382 2577 monthly 04/2013-11/2014 19 main stream

110
Groundwater 

Navabad 37.672563 71.833468 2564 monthly
08/2011-11/2014, 
fieldtrip 08/2013 38 well

111=540 Debastadara 37.681285 71.846126 2601 monthly
fieldtrip 08/2011, 
10/2011-11/2014 20 tributary from north

112=550 Gunt 37.679689 71.849369 2585 monthly 04/2013-11/2014 19 main stream

120 Vibistdara (West) 37.695025 71.870723 2632 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from north

121=560 Gunt 37.701943 71.886032 2615 monthly 04/2013-11/2014 19 main stream

130 Vibistdara (East) 37.711694 71.896260 2654 monthly
fieldtrip 08/2011, 
10/2011-11/2014 33 tributary from north

140 Gunt 37.699028 71.919231 2648 monthly 10/2011-11/2014 36 main stream

150 near Dehmiyona 37.697823 71.926077 2680 monthly
fieldtrip 08/2011, 
10/2011-09/2014 28 tributary from south

151 x 37.713781 71.954323 2783 once fieldtrip 08/2011 1 tributary from south

160 Vushdara 37.714678 71.963297 2716 monthly
fieldtrip 08/2011, 
10/2011-11/2014 36 tributary from south

170 Gunt 37.722972 71.980083 2729 monthly 10/2011-11/2014 36 main stream

180 Shubordara 37.724433 71.978075 2734 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from north

190 Shitamdara 37.742381 72.020672 2787 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from north

200 Zuvordara 37.736097 72.029778 2793 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from north

201 Werdara 37.736967 72.081486 2916 once fieldtrip 08/2011 1 tributary from south
210 Gunt 37.743889 72.149611 2934 monthly 10/2011-11/2014 36 main stream

211=590 Charthemdara 37.715397 72.166028 2947 monthly
fieldtrip 08/2011, 
10/2011-11/2014 20 tributary from south

212 x 37.697528 72.185992 3003 once fieldtrip 08/2011 1 tributary from south

220 Oqmamaddara 37.698367 72.209950 3013 monthly
fieldtrip 08/2011, 
10/2011-11/2014 30 tributary from south
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230 Patkhurdara 37.707619 72.206150 3020 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from north

231
Patkhur - swampy 

spring 37.706398 72.203881 3024 once fieldtrip 08/2013 1 cold spring

232
Patkhur - spring 

from tube 37.706398 72.203881 3024 once fieldtrip 08/2013 1 cold spring
240 Gunt 37.716667 72.298667 3083 once 10/2011 1 main stream
241 Gunt 37.707639 72.349750 3121 monthly 11/2011-11/2014 35 main stream

242
Sardem hil lside, 

small creek 37.727558 72.299436 3320 once fieldtrip 08/2013 1 tributary from north

243
Sardem hil lside, 

small creek 37.725395 72.297411 3246 once fieldtrip 08/2013 1 tributary from north
244 Sardem hil lside 37.725357 72.297056 3241 once fieldtrip 08/2013 1 cold spring

245
Sardem hil lside, 

creek 37.721843 72.296623 3163 once fieldtrip 08/2013 1 tributary from north

246
Sardem - river 

plain 37.707851 72.315883 3095 once fieldtrip 08/2013 1 cold spring

250 Varshedzdara 37.702373 72.344249 3142 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from south

260 Shazuddara 37.708025 72.357994 3169 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 tributary from north

270 Gunt 37.706386 72.359842 3131 monthly
fieldtrip 08/2011, 
10/2011-11/2014 37 main stream

280 Toguzbulok 37.700839 72.389097 3155 monthly
fieldtrip 08/2011, 
10/2011-11/2014 36 tributary from south

281 Juz Okmaylok 37.640486 72.533978 3465 twice
fieldtrip 08/2011, 

09/2014 2 tributary from north
282=600 Dushakdara 37.700168 72.397032 3189 monthly 04/2013-11/2014 19 tributary from south

290 Dzelondi - tube 37.628158 72.546814 3512 monthly

fieldtrip 08/2011, 
10/2011-09/2014, 
fieldtrip 08/2013 33 hot spring

300
Dzelondi - in 

building 37.628119 72.545968 3506 monthly

fieldtrip 08/2011, 
10/2011-09/2014, 
fieldtrip 08/2013 36 hot spring

301
northern tributary - 

Okkuldara(?) 37.493646 72.727636 3938 once fieldtrip 08/2013 1 tributary from north

302 Koitezek-River 37.480678 72.782775 4274 twice
fieldtrip 08/2013, 

09/2014 2 tributary from south

303
Glaciertour 

Koitezek 37.436173 72.802661 4462 once fieldtrip 08/2013 1 tributary from south

304
Glaciertour 

Koitezek 37.419802 72.811128 4539 once fieldtrip 08/2013 1 tributary from south
305 Glacier 2 - runoff 37.40882190 72.81888330 4716 once fieldtrip 08/2013 1 glacier melt
306 Glacier 1 - mouth 37.41197840 72.81287490 4594 once fieldtrip 08/2013 1 glacier melt

307
Glaciertour - 
debris cone 37.409840 72.808243 4653 once fieldtrip 08/2013 1 cold spring

308
Glaciertour - 

wetland 37.420770 72.810182 4535 once fieldtrip 08/2013 1 cold spring

310
Outflow of 

Yashikul 37.791286 72.743397 3727 twice
fieldtrip 08/2011, 

09/2014 2 plateau area

311
Tributary to 

Yashikul 37.783676 72.778658 3749 once fieldtrip 08/2011 1 plateau area

320
Tributary to 

Yashikul 37.782841 72.784545 3746 once fieldtrip 08/2011 1 plateau area

330
Tributary to 

Yashikul 37.767294 72.836464 3805 once fieldtrip 08/2011 1 plateau area

340
Hot spring near 

Yashikul 37.731056 72.890828 3791 once fieldtrip 08/2011 1 hot spring

350 Outlet Bulunkul 37.740537 72.984063 3728 twice
fieldtrip 08/2011, 

09/2014 2 plateau area
351 Well Bulunkul 37.750884 73.261271 3892 once fieldtrip 08/2013 1 well

360
Inflow (Alichur) to 

Yashikul 37.770001 72.974523 3727 once fieldtrip 08/2011 1 plateau area
370 Geysir 37.743163 73.068783 3782 once fieldtrip 08/2011 1 hot spring
380 Alichur 37.748222 73.251724 3878 once fieldtrip 08/2011 1 plateau area

381 Well Alichur 37.750884 73.261271 3892 twice
fieldtrip 03/2013, 

08/2013 2 well

382 Akbalik 37.793546 73.392275 3900 three times
fieldtrip 03/2013, 
08/2013, 09/2014 3 well

383 Well Murghab 38.168729 73.965022 3609 once fieldtrip 03/2013 1 well

384
Gunt before 

Alichur 37.748222 73.251724 3878 once fieldtrip 03/2013 1 main stream
385 Gunt near Alichur 37.748222 73.251724 3878 once fieldtrip 03/2013 1 main stream

386
Refreezing near 

Alichur 37.748222 73.251724 3878 once fieldtrip 03/2013 1 refreezing
387 Akbalik source 37.793469 73.392292 3900 once fieldtrip 09/2014 1 cold spring
390 Narsan (Arteser) 37.197657 71.546920 2605 once fieldtrip 08/2011 1 well
400 Garm Chashma 37.203637 71.537207 2568 once fieldtrip 08/2011 1 hot spring
15a muddy water 37.697596 71.926185 2680 once fieldtrip 08/2011 1 tributary from south

A Khorog 37.488998 71.52244 2086
monthly or event 
based 01/2012-10/2014 99 meteostation

B Navabad 37.672563 71.833468 2564
monthly or event 
based 01/2012-10/2014 81 meteostation

C Bulunkul 37.7045784 72.9451011 3760
monthly or event 
based 11/2012-09/2014 35 meteostation

D Dzavjangoz 37.4 72.4 3438
monthly or event 
based 06/2013-08/2014 11 meteostation



Appendix III 

Appendix Figure 1: Map showing all sampling locations including each location number. Coordinates and sampling period are listed in appendix table 1. 



Appendix IV 

Appendix Figure 2: Comparison of catchment characteristics distinguished between northern and southern sub-
catchments. 

Appendix Table 2: List of monthly integrated and 
event-based precipitation samples and their 
δ18O and δ2H isotope values from two sta-
tions in the Western Pamir mountains. This 
data was also used by Meier et al. (2015a) 
and Meier et al. (2015b). 

Annex_Table_2.pdf

only available in attached digital file

Appendix Table 3: List of GNIP stations and additional 
literature whose monthly isotope data was 
used for the calculation of averages Annex_Table_3.pdf

only available in attached digital file



Appendix V 

Appendix Table 4: List of surface water samples and 
their δ18O and δ2H isotope values. 

Annex_Table_4.pdf

only available in attached digital file

Appendix Table 5: List of surface water samples and 
their major anion and major cation concen-
trations.  

Annex_Table_5.pdf

only available in attached digital file

Appendix Table 6: Saturation indices (SI) of surface 
water samples. Annex_Table_6.pdf

only available in attached digital file

.



Appendix VI 

Appendix Table 7: Input parameters for correlation analysis between major ions and catchment parameters. 

Appendix Table 8: Correlation of major ions and catchment parameters with each other. Correlation coefficients with p<0.05 are red 

Location 
number

Water type Altitudemin

(m a.s.l .)
Altitudemax

(m a.s.l .)
Altitudemean

(m a.s.l .)
Area (km²) Permafrost

discont (%)
Permafrost

cont (%)
Glaciation 

(%)
Unconsoli
dated rock 

(%)

Limestone 
(%)

Magmatic 
rock (%)

Metamorphic 
rock (%)

Aspect flat 
(%)

Aspect N 
(%)

Aspect NO 
(%)

Aspect O 
(%)

Aspect SO 
(%)

Aspect S 
(%)

Aspect SW 
(%)

Aspect W 
(%)

Aspect NW 
(%)

Slope 0-1 
(°)

Slope 1-2 
(°)

Slope 2-3 
(°)

Slope 3-4 
(°)

Slope 4-5 
(°)

Slope 5-6 
(°)

Slope >6 
(°)

Runoff 
rate 

(mm/a)

Cl (meq/L) SO4

(meq/L)
Na (meq/L) K (meq/L) Mg 

(meq/L)
Ca (meq/L) HCO3calc 

(meq/L)
EC [µS/cm] T [°C] pH

010 main stream 2060 4300 2746.4 32.6 5.7 0.0 0.0 32.2 0.0 7.5 60.3 0.4 21.3 6.5 3.1 10.5 30.6 13.3 5.3 8.8 13.4 12.7 18.2 20.3 15.9 9.0 10.4 434.0 0.1 0.4 0.3 0.1 0.3 1.3 1.5 194.5 7.3 7.5
020 southern tributary 2092 6676 4168.0 4180.9 81.1 44.2 4.1 25.9 0.0 15.4 59.4 0.2 13.3 13.5 12.6 11.7 12.2 12.5 11.9 12.0 13.3 24.9 23.9 18.2 10.3 4.8 4.5 268.0 0.2 0.8 0.3 0.1 0.4 1.8 1.7 253.2 7.6 7.4
030 main stream 2090 5033 3784.2 272.8 60.6 27.3 1.1 23.7 0.0 45.6 30.7 0.2 16.8 15.1 9.4 10.0 13.7 14.8 10.0 9.9 7.5 16.8 23.3 23.8 15.1 7.5 6.0 434.0 0.1 0.3 0.3 0.1 0.3 1.1 1.4 173.7 7.7 7.3
041 main stream 2272 4640 3014.9 37.3 12.0 1.2 0.0 13.3 0.0 17.1 69.6 0.2 14.4 3.9 7.8 26.8 18.7 8.6 8.3 11.3 7.9 12.8 20.9 22.4 17.4 9.4 9.2 434.0 0.1 0.3 0.3 0.1 0.3 1.1 1.4 172.6 6.6 7.2
050 northern tributary 2365 4951 3932.9 28.3 66.2 36.1 4.4 13.5 0.0 24.6 61.8 0.0 9.2 18.0 16.7 17.0 22.0 14.0 2.4 0.7 4.7 12.9 18.5 20.2 16.8 12.0 14.9 434.0 0.0 0.1 0.1 0.1 0.1 0.5 0.5 148.0 6.8 6.9
060 main stream 2322 5209 3675.0 80.0 50.6 26.0 0.9 18.5 0.0 24.2 57.3 0.1 9.4 12.3 12.7 18.0 17.3 11.9 7.3 11.0 5.7 10.4 14.5 19.3 18.4 12.8 18.9 434.0 0.1 0.3 0.3 0.1 0.3 1.2 1.4 170.4 7.2 7.3
070 southern tributary 2363 5305 4075.6 188.1 76.3 41.2 3.1 28.7 0.0 57.1 14.2 0.2 19.1 12.8 5.0 6.0 17.2 19.6 10.0 10.2 7.1 17.6 23.1 23.5 15.5 7.7 5.5 516.0 0.0 0.1 0.1 0.1 0.1 0.5 0.6 130.4 6.6 7.0
090 main stream 2455 5448 4117.5 523.1 75.6 50.1 7.4 26.3 0.0 50.6 23.1 0.2 16.7 12.6 8.9 11.6 15.8 13.4 9.2 11.6 9.1 17.2 20.0 20.5 15.5 9.0 8.8 434.0 0.1 0.3 0.3 0.1 0.3 1.2 1.5 179.3 7.3 7.3
120 northern tributary 2621 5296 4076.9 24.1 72.0 38.7 10.4 31.8 0.0 13.4 54.9 0.1 5.0 13.6 17.3 15.7 17.3 20.2 7.9 2.9 2.6 9.7 17.3 22.3 19.2 12.2 16.8 434.0 0.0 0.2 0.0 0.1 0.1 0.7 0.6 119.0 5.6 7.0
130 northern tributary 2651 5027 4039.7 22.1 74.7 35.5 6.8 21.4 0.0 15.2 63.3 0.0 3.0 8.6 16.9 15.5 17.2 22.9 11.0 4.8 1.8 8.3 19.2 25.4 20.5 11.4 13.3 434.0 0.0 0.2 0.0 0.0 0.2 0.7 0.9 119.2 6.5 7.0
140 main stream 2638 5319 3546.6 50.3 39.4 16.4 3.1 22.7 0.0 24.0 53.2 0.2 19.2 11.0 10.2 10.3 10.0 7.5 13.0 18.5 8.5 8.5 12.2 20.2 19.4 13.7 17.6 434.0 0.1 0.3 0.3 0.1 0.3 1.3 1.6 177.5 7.1 7.2
160 southern tributary 2692 5406 4236.1 29.9 81.3 56.1 16.4 18.3 0.0 28.6 53.1 0.2 19.9 19.9 9.4 3.3 3.1 12.6 15.7 15.8 4.8 13.5 15.3 17.7 16.6 12.5 19.7 434.0 0.3 0.8 0.3 0.1 0.2 1.5 0.9 206.3 6.9 7.1
170 main stream 2701 5417 3804.8 135.9 54.0 29.9 3.5 27.9 0.0 17.9 53.6 0.3 17.2 12.3 7.4 12.6 17.5 9.4 8.6 14.8 10.7 13.4 16.8 20.0 17.4 10.6 11.0 434.0 0.1 0.3 0.3 0.1 0.3 1.2 1.5 170.3 7.1 7.3
180 northern tributary 2737 5332 4210.8 41.7 84.0 48.7 10.7 29.6 0.0 20.6 49.9 0.1 7.3 13.8 12.8 13.8 19.0 18.8 8.6 5.7 4.3 14.5 20.6 20.4 16.7 11.0 12.5 434.0 0.0 0.2 0.1 0.1 0.3 0.8 0.9 123.0 6.5 7.0
190 northern tributary 2797 5379 4289.8 58.0 84.9 55.8 12.2 20.4 0.0 34.6 45.0 0.1 6.7 10.7 13.5 14.4 16.1 19.9 10.3 8.2 4.6 15.0 18.8 19.7 16.1 11.0 14.7 434.0 0.0 0.2 0.0 0.0 0.2 0.8 0.9 116.3 6.7 7.1
200 northern tributary 2836 5525 4282.3 63.0 81.9 54.9 17.4 31.5 0.8 16.7 51.0 0.1 6.7 5.0 8.3 19.7 21.0 13.9 11.4 13.9 6.8 17.8 18.6 18.8 15.6 9.9 12.4 434.0 0.0 0.1 0.1 0.0 0.1 0.6 0.7 124.1 6.8 7.1
210 main stream 2900 5597 4020.0 253.7 64.2 40.1 6.9 30.5 1.3 39.1 27.8 0.3 18.4 15.6 10.5 10.2 12.1 10.3 9.3 13.4 12.5 15.2 19.3 22.0 16.4 8.4 6.2 393.0 0.1 0.3 0.3 0.1 0.3 1.2 1.5 182.0 7.5 7.3
230 northern tributary 3003 6003 4503.6 204.9 90.0 70.7 27.3 37.4 0.8 16.8 44.6 0.1 10.1 9.0 11.4 14.7 18.0 14.4 10.4 11.9 11.2 20.6 17.7 17.8 14.2 8.8 9.6 885.0 0.0 0.1 0.1 0.1 0.1 0.7 0.7 102.5 7.4 7.0
241 main stream 3097 4497 3434.6 12.1 21.8 1.6 0.0 34.6 22.4 10.5 32.5 0.8 33.9 14.0 2.1 5.1 13.9 8.1 4.5 17.7 29.9 14.1 9.0 13.6 18.7 10.3 4.4 131.0 0.1 0.3 0.3 0.1 0.3 1.3 1.6 175.6 6.3 7.3
250 southern tributary 3130 5651 4561.6 70.2 94.6 71.4 16.0 30.6 1.4 61.5 6.5 0.3 17.9 15.1 13.2 15.5 6.0 4.0 9.2 18.8 9.8 19.4 22.1 20.9 14.1 7.1 6.6 131.0 0.1 0.1 0.1 0.1 0.0 0.5 0.5 133.1 6.1 6.8
260 northern tributary 3131 5448 4508.5 95.3 94.0 71.5 15.1 31.1 4.5 23.3 41.1 0.1 7.1 12.4 14.3 14.6 16.2 17.0 11.0 7.4 9.5 20.2 21.9 21.9 14.5 6.9 5.1 131.0 0.1 0.2 0.1 0.1 0.1 0.9 0.9 120.9 6.5 6.9
270 main stream 3107 5769 4389.0 6190.3 98.5 55.6 3.3 42.9 7.9 25.5 22.9 1.2 14.3 13.2 10.9 12.4 13.4 12.2 10.4 12.0 25.7 25.5 20.7 15.3 7.9 3.1 1.9 83.0 0.1 0.3 0.3 0.1 0.3 1.3 1.6 188.1 7.8 7.3
280 southern tributary 3172 5690 4429.7 1148.0 94.5 65.8 4.1 30.7 1.4 40.0 27.6 1.0 15.0 12.5 10.2 11.4 13.2 12.5 11.1 13.0 16.2 24.0 23.3 19.3 10.8 4.3 2.1 251.0 0.1 0.2 0.3 0.1 0.1 0.9 1.1 164.5 6.9 7.2

Altitudemin

(m a.s.l .)
Altitudemax

(m a.s.l .)
Altitudemean

(m a.s.l .)
Area (km²) Permafrostdiscont

(%)
Permafrostcont 

(%)
Glaciation

 (%)
Unconsolidated rock

 (%)
Limestone

 (%)
Magmatic rock

 (%)
Metamorphic rock

 (%)
Aspect flat

 (%)
Aspect N

 (%)
Aspect NO 

(%)
Aspect O 

(%)
Aspect SO

 (%)
Aspect S

 (%)
Aspect SW

 (%)
Aspect W

 (%)
Aspect NW

 (%)
Slope 0-1

 (°)
Slope 1-2

 (°)
Slope 2-3

 (°)
Slope 3-4

 (°)
Slope 4-5

 (°)
Slope 5-6

 (°)
Slope >6

 (°)
Cl

 (meq/L)
SO4

 (meq/L)
Na

 (meq/L)
K

 (meq/L)
Mg

 (meq/L)
Ca 

(meq/L)
HCO3calc
 (meq/L)

Runoff rate
 (mm/a)

EC 
[µS/cm]

T 
[°C]

pH

Altitudemin (m a.s.l .) 1.00 0.25 0.60 0.07 0.50 0.57 0.49 0.54 0.46 0.09 -0.45 0.41 0.01 0.13 0.12 -0.09 -0.38 -0.15 0.20 0.32 0.39 0.33 -0.14 -0.38 -0.21 -0.22 -0.27 -0.26 -0.31 -0.24 -0.10 -0.38 -0.29 -0.24 -0.34 -0.41 -0.27 -0.39
Altitudemax (m a.s.l .) 0.25 1.00 0.75 0.53 0.75 0.72 0.45 0.28 -0.25 0.22 -0.24 0.05 -0.28 0.22 0.37 -0.05 -0.46 -0.02 0.57 0.19 0.02 0.65 0.41 -0.18 -0.61 -0.45 -0.23 0.03 0.23 -0.05 0.06 -0.03 0.10 -0.04 -0.01 0.12 0.30 -0.12

Altitudemean (m a.s.l .) 0.60 0.75 1.00 0.25 0.98 0.96 0.68 0.32 -0.10 0.40 -0.46 0.01 -0.42 0.37 0.52 -0.08 -0.46 0.25 0.47 -0.02 -0.10 0.56 0.39 -0.07 -0.46 -0.34 -0.18 -0.23 -0.16 -0.47 -0.28 -0.49 -0.38 -0.50 -0.10 -0.38 -0.09 -0.55
Area (km²) 0.07 0.53 0.25 1.00 0.32 0.20 -0.19 0.40 0.17 -0.05 -0.18 0.60 0.01 0.10 0.06 -0.08 -0.18 -0.09 0.20 0.08 0.53 0.66 0.32 -0.43 -0.79 -0.68 -0.49 0.14 0.36 0.35 0.32 0.43 0.42 0.41 -0.43 0.49 0.49 0.34

Permafrostdiscont (%) 0.50 0.75 0.98 0.32 1.00 0.95 0.62 0.29 -0.20 0.41 -0.43 0.02 -0.49 0.36 0.55 -0.07 -0.40 0.34 0.48 -0.12 -0.15 0.58 0.49 -0.01 -0.52 -0.38 -0.18 -0.22 -0.12 -0.46 -0.29 -0.45 -0.36 -0.49 -0.09 -0.34 -0.02 -0.52
Permafrostcont (%) 0.57 0.72 0.96 0.20 0.95 1.00 0.75 0.31 -0.22 0.41 -0.43 -0.01 -0.44 0.28 0.48 -0.02 -0.37 0.21 0.48 -0.02 -0.15 0.60 0.46 -0.05 -0.52 -0.38 -0.17 -0.17 -0.15 -0.47 -0.21 -0.56 -0.38 -0.52 -0.04 -0.37 -0.03 -0.55

Glaciation (%) 0.49 0.45 0.68 -0.19 0.62 0.75 1.00 0.25 -0.18 0.05 -0.10 -0.34 -0.40 0.01 0.35 0.09 -0.20 0.18 0.40 0.03 -0.29 0.22 0.07 -0.08 -0.09 0.06 0.18 -0.12 -0.16 -0.59 -0.27 -0.64 -0.42 -0.63 0.34 -0.54 -0.20 -0.61
Unconsolidated rock (%) 0.54 0.28 0.32 0.40 0.29 0.31 0.25 1.00 0.43 -0.04 -0.52 0.56 0.18 -0.06 -0.24 -0.29 0.04 -0.03 0.04 0.23 0.61 0.53 0.06 -0.39 -0.48 -0.54 -0.56 -0.20 -0.16 -0.01 0.23 0.00 -0.03 0.08 -0.22 -0.13 0.09 0.10

Limestone (%) 0.46 -0.25 -0.10 0.17 -0.20 -0.22 -0.18 0.43 1.00 -0.22 -0.28 0.57 0.57 0.12 -0.40 -0.33 -0.12 -0.27 -0.30 0.32 0.81 0.15 -0.47 -0.63 -0.04 -0.16 -0.41 0.02 0.00 0.24 0.34 0.18 0.17 0.28 -0.52 0.10 -0.14 0.18
Magmatic rock (%) 0.09 0.22 0.40 -0.05 0.41 0.41 0.05 -0.04 -0.22 1.00 -0.80 0.07 0.16 0.39 0.00 -0.24 -0.46 -0.12 0.20 0.23 -0.12 0.30 0.46 0.30 -0.26 -0.31 -0.29 -0.01 -0.25 -0.04 -0.09 -0.28 -0.26 -0.20 -0.12 -0.08 0.05 -0.17

Metamorphic rock (%) -0.45 -0.24 -0.46 -0.18 -0.43 -0.43 -0.10 -0.52 -0.28 -0.80 1.00 -0.46 -0.38 -0.35 0.22 0.42 0.42 0.20 -0.10 -0.39 -0.39 -0.53 -0.29 0.08 0.44 0.55 0.61 0.09 0.29 -0.03 -0.11 0.19 0.19 0.06 0.34 0.10 -0.05 0.05
Aspect flat (%) 0.41 0.05 0.01 0.60 0.02 -0.01 -0.34 0.56 0.57 0.07 -0.46 1.00 0.53 0.12 -0.41 -0.36 -0.19 -0.36 -0.02 0.39 0.86 0.52 -0.01 -0.56 -0.59 -0.62 -0.63 0.15 0.15 0.53 0.49 0.29 0.32 0.45 -0.54 0.38 0.28 0.42
Aspect N (%) 0.01 -0.28 -0.42 0.01 -0.49 -0.44 -0.40 0.18 0.57 0.16 -0.38 0.53 1.00 0.23 -0.80 -0.62 -0.26 -0.64 -0.15 0.67 0.66 0.06 -0.36 -0.42 -0.04 -0.13 -0.34 0.51 0.31 0.68 0.67 0.35 0.46 0.51 -0.27 0.54 0.19 0.51

Aspect NO (%) 0.13 0.22 0.37 0.10 0.36 0.28 0.01 -0.06 0.12 0.39 -0.35 0.12 0.23 1.00 0.24 -0.58 -0.58 -0.08 0.02 0.01 0.04 0.10 -0.04 -0.16 -0.12 0.01 0.02 0.35 0.32 0.13 0.21 -0.06 0.09 -0.09 -0.26 0.24 0.00 -0.16
Aspect O (%) 0.12 0.37 0.52 0.06 0.55 0.48 0.35 -0.24 -0.40 0.00 0.22 -0.41 -0.80 0.24 1.00 0.41 -0.14 0.40 0.11 -0.56 -0.54 -0.08 0.24 0.33 0.04 0.14 0.32 -0.35 -0.16 -0.56 -0.45 -0.31 -0.37 -0.47 0.02 -0.37 -0.26 -0.60

Aspect SO (%) -0.09 -0.05 -0.08 -0.08 -0.07 -0.02 0.09 -0.29 -0.33 -0.24 0.42 -0.36 -0.62 -0.58 0.41 1.00 0.39 0.01 -0.22 -0.33 -0.35 -0.11 0.21 0.27 0.10 0.09 0.16 -0.48 -0.44 -0.37 -0.42 -0.20 -0.34 -0.21 0.12 -0.34 -0.19 -0.26
Aspect S (%) -0.38 -0.46 -0.46 -0.18 -0.40 -0.37 -0.20 0.04 -0.12 -0.46 0.42 -0.19 -0.26 -0.58 -0.14 0.39 1.00 0.36 -0.61 -0.57 -0.10 -0.21 0.04 0.17 0.17 0.11 0.06 -0.46 -0.36 -0.25 -0.21 0.00 -0.24 -0.06 0.32 -0.25 0.02 0.13

Aspect SW (%) -0.15 -0.02 0.25 -0.09 0.34 0.21 0.18 -0.03 -0.27 -0.12 0.20 -0.36 -0.64 -0.08 0.40 0.01 0.36 1.00 0.08 -0.77 -0.49 -0.13 0.27 0.43 0.15 0.13 0.19 -0.38 -0.16 -0.58 -0.57 -0.19 -0.37 -0.44 0.32 -0.49 -0.23 -0.31
Aspect W (%) 0.20 0.57 0.47 0.20 0.48 0.48 0.40 0.04 -0.30 0.20 -0.10 -0.02 -0.15 0.02 0.11 -0.22 -0.61 0.08 1.00 0.38 -0.19 0.26 0.21 0.06 -0.24 -0.15 0.05 0.37 0.37 0.08 -0.01 -0.02 0.24 0.00 0.05 0.10 0.18 -0.06

Aspect NW (%) 0.32 0.19 -0.02 0.08 -0.12 -0.02 0.03 0.23 0.32 0.23 -0.39 0.39 0.67 0.01 -0.56 -0.33 -0.57 -0.77 0.38 1.00 0.48 0.21 -0.30 -0.45 -0.16 -0.15 -0.21 0.45 0.23 0.54 0.45 0.19 0.40 0.41 -0.22 0.38 0.22 0.34
Slope 0-1 (°) 0.39 0.02 -0.10 0.53 -0.15 -0.15 -0.29 0.61 0.81 -0.12 -0.39 0.86 0.66 0.04 -0.54 -0.35 -0.10 -0.49 -0.19 0.48 1.00 0.49 -0.20 -0.71 -0.48 -0.55 -0.67 0.14 0.15 0.53 0.60 0.38 0.41 0.55 -0.52 0.40 0.29 0.48
Slope 1-2 (°) 0.33 0.65 0.56 0.66 0.58 0.60 0.22 0.53 0.15 0.30 -0.53 0.52 0.06 0.10 -0.08 -0.11 -0.21 -0.13 0.26 0.21 0.49 1.00 0.60 -0.36 -0.95 -0.91 -0.77 0.01 0.09 0.09 0.35 -0.06 0.09 0.07 -0.33 0.18 0.39 0.06
Slope 2-3 (°) -0.14 0.41 0.39 0.32 0.49 0.46 0.07 0.06 -0.47 0.46 -0.29 -0.01 -0.36 -0.04 0.24 0.21 0.04 0.27 0.21 -0.30 -0.20 0.60 1.00 0.47 -0.60 -0.69 -0.52 -0.18 -0.11 -0.22 -0.02 -0.17 -0.20 -0.20 -0.10 -0.05 0.17 -0.16
Slope 3-4 (°) -0.38 -0.18 -0.07 -0.43 -0.01 -0.05 -0.08 -0.39 -0.63 0.30 0.08 -0.56 -0.42 -0.16 0.33 0.27 0.17 0.43 0.06 -0.45 -0.71 -0.36 0.47 1.00 0.37 0.14 0.12 -0.28 -0.33 -0.37 -0.40 -0.20 -0.37 -0.30 0.26 -0.34 -0.22 -0.29
Slope 4-5 (°) -0.21 -0.61 -0.46 -0.79 -0.52 -0.52 -0.09 -0.48 -0.04 -0.26 0.44 -0.59 -0.04 -0.12 0.04 0.10 0.17 0.15 -0.24 -0.16 -0.48 -0.95 -0.60 0.37 1.00 0.90 0.68 -0.10 -0.18 -0.19 -0.38 -0.05 -0.19 -0.15 0.35 -0.31 -0.49 -0.16
Slope 5-6 (°) -0.22 -0.45 -0.34 -0.68 -0.38 -0.38 0.06 -0.54 -0.16 -0.31 0.55 -0.62 -0.13 0.01 0.14 0.09 0.11 0.13 -0.15 -0.15 -0.55 -0.91 -0.69 0.14 0.90 1.00 0.91 0.02 -0.04 -0.20 -0.43 -0.09 -0.14 -0.21 0.44 -0.25 -0.38 -0.19
Slope >6 (°) -0.27 -0.23 -0.18 -0.49 -0.18 -0.17 0.18 -0.56 -0.41 -0.29 0.61 -0.63 -0.34 0.02 0.32 0.16 0.06 0.19 0.05 -0.21 -0.67 -0.77 -0.52 0.12 0.68 0.91 1.00 0.12 0.10 -0.21 -0.43 -0.13 -0.10 -0.27 0.47 -0.18 -0.27 -0.22
Cl (meq/L) -0.26 0.03 -0.23 0.14 -0.22 -0.17 -0.12 -0.20 0.02 -0.01 0.09 0.15 0.51 0.35 -0.35 -0.48 -0.46 -0.38 0.37 0.45 0.14 0.01 -0.18 -0.28 -0.10 0.02 0.12 1.00 0.87 0.70 0.67 0.38 0.74 0.44 -0.10 0.76 0.34 0.44

SO4 (meq/L) -0.31 0.23 -0.16 0.36 -0.12 -0.15 -0.16 -0.16 0.00 -0.25 0.29 0.15 0.31 0.32 -0.16 -0.44 -0.36 -0.16 0.37 0.23 0.15 0.09 -0.11 -0.33 -0.18 -0.04 0.10 0.87 1.00 0.63 0.62 0.57 0.83 0.50 -0.13 0.81 0.34 0.49
Na (meq/L) -0.24 -0.05 -0.47 0.35 -0.46 -0.47 -0.59 -0.01 0.24 -0.04 -0.03 0.53 0.68 0.13 -0.56 -0.37 -0.25 -0.58 0.08 0.54 0.53 0.09 -0.22 -0.37 -0.19 -0.20 -0.21 0.70 0.63 1.00 0.69 0.74 0.88 0.90 -0.24 0.88 0.59 0.85
K (meq/L) -0.10 0.06 -0.28 0.32 -0.29 -0.21 -0.27 0.23 0.34 -0.09 -0.11 0.49 0.67 0.21 -0.45 -0.42 -0.21 -0.57 -0.01 0.45 0.60 0.35 -0.02 -0.40 -0.38 -0.43 -0.43 0.67 0.62 0.69 1.00 0.39 0.65 0.54 -0.39 0.76 0.33 0.49

Mg (meq/L) -0.38 -0.03 -0.49 0.43 -0.45 -0.56 -0.64 0.00 0.18 -0.28 0.19 0.29 0.35 -0.06 -0.31 -0.20 0.00 -0.19 -0.02 0.19 0.38 -0.06 -0.17 -0.20 -0.05 -0.09 -0.13 0.38 0.57 0.74 0.39 1.00 0.84 0.91 -0.19 0.72 0.49 0.85
Ca (meq/L) -0.29 0.10 -0.38 0.42 -0.36 -0.38 -0.42 -0.03 0.17 -0.26 0.19 0.32 0.46 0.09 -0.37 -0.34 -0.24 -0.37 0.24 0.40 0.41 0.09 -0.20 -0.37 -0.19 -0.14 -0.10 0.74 0.83 0.88 0.65 0.84 1.00 0.89 -0.23 0.89 0.57 0.82

HCO3calc (meq/L) -0.24 -0.04 -0.50 0.41 -0.49 -0.52 -0.63 0.08 0.28 -0.20 0.06 0.45 0.51 -0.09 -0.47 -0.21 -0.06 -0.44 0.00 0.41 0.55 0.07 -0.20 -0.30 -0.15 -0.21 -0.27 0.44 0.50 0.90 0.54 0.91 0.89 1.00 -0.26 0.77 0.61 0.91
Runoff rate (mm/a) -0.34 -0.01 -0.10 -0.43 -0.09 -0.04 0.34 -0.22 -0.52 -0.12 0.34 -0.54 -0.27 -0.26 0.02 0.12 0.32 0.32 0.05 -0.22 -0.52 -0.33 -0.10 0.26 0.35 0.44 0.47 -0.10 -0.13 -0.24 -0.39 -0.19 -0.23 -0.26 1.00 -0.31 0.15 -0.11

EC [µS/cm] -0.41 0.12 -0.38 0.49 -0.34 -0.37 -0.54 -0.13 0.10 -0.08 0.10 0.38 0.54 0.24 -0.37 -0.34 -0.25 -0.49 0.10 0.38 0.40 0.18 -0.05 -0.34 -0.31 -0.25 -0.18 0.76 0.81 0.88 0.76 0.72 0.89 0.77 -0.31 1.00 0.57 0.74
T [°C] -0.27 0.30 -0.09 0.49 -0.02 -0.03 -0.20 0.09 -0.14 0.05 -0.05 0.28 0.19 0.00 -0.26 -0.19 0.02 -0.23 0.18 0.22 0.29 0.39 0.17 -0.22 -0.49 -0.38 -0.27 0.34 0.34 0.59 0.33 0.49 0.57 0.61 0.15 0.57 1.00 0.65

pH -0.39 -0.12 -0.55 0.34 -0.52 -0.55 -0.61 0.10 0.18 -0.17 0.05 0.42 0.51 -0.16 -0.60 -0.26 0.13 -0.31 -0.06 0.34 0.48 0.06 -0.16 -0.29 -0.16 -0.19 -0.22 0.44 0.49 0.85 0.49 0.85 0.82 0.91 -0.11 0.74 0.65 1.00
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Appendix Table 9: Input values used in the reactive transport model after Pogge von Strandmann et al. (2014); 
initial Li concentrations and Li isotope values are from this study 

Input parameters for the model 

Porosity (n) 0.2 

Density rock (ρr) 2700 kg/m³ 

Density water (ρw) 1000 kg/m³ 

Advective flow velocity (ν) 1.0٠10-4 m/s 

Li concentration in rock ( [ 𝐿𝐿𝐿𝐿 
6 ] 

 
𝑟𝑟
 ) Depending on lithological 

class 

δ7Li rock (� 𝐿𝐿𝐿𝐿 
7

𝐿𝐿𝐿𝐿 6
�
𝑟𝑟

 
) Depending on lithological 

class 

Precipitation rate 6Li (6Q)* 1 1/yr 

Weathering rate 6Li (6W)** 6.0٠10-6 1/yr 

W6Li/Q6Li 6.0٠10-6 

Steady state 6Li water [6Liss]* Depending on lithological 
class 

Fractionation factor during precipitation (𝛼𝛼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) 0.985 

Fractionation factor during weathering (𝛼𝛼𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ) 1 

Measured Li concentration in glacier ice ( [ 𝐿𝐿𝐿𝐿 
6 ] 

 
𝑤𝑤
0 ) 0.01 µmol/L 

Measured δ7Li glacier ice (� 𝐿𝐿𝐿𝐿 
7

𝐿𝐿𝐿𝐿 6
�
𝑤𝑤

0
) 

17‰ 

* values are calculated according to the equation in Pogge von Strandmann et al. (2014) 

** estimated from Li loads in the main stream 

  

  



Appendix VIII 

Appendix Table 10: Input parameters for residence time (RT) estimation. 

Sampling location Ne Altitude Recharge
 temperature

3He-T

(Nml/g) (m a.s.l .) (°C) (Nml/g)
031 4He+B:J ± 3.0E-10 1.47E-06 ± 1.5E-08 1.68E-07 2500 4.7 3.97E-15 1.6 ± 0.1 9.3 ± 1.0 2.8 ± 0.5
043 3.54E-08 ± 2.8E-10 1.32E-06 ± 1.3E-08 1.52E-07 2650 3.9 3.53E-16 0.1 ± 0.0 8.9 ± 0.9 0.3 ± 0.1
110 3.02E-07 ± 1.1E-08 2.70E-07 ± 2.7E-09 1.70E-07 2750 4.0 1.44E-14 5.8 ± 0.6 11.2 ± 1.0 7.5 ± 1.2
044 4.42E-08 ± 3.4E-10 1.36E-06 ± 1.4E-08 1.81E-07 2650 4.2 1.52E-15 0.6 ± 0.0 10.3 ± 1.1 1.0 ± 0.2
045 7.85E-07 ± 6.0E-08 1.69E-07 ± 1.7E-09 1.65E-07 2800 4.5 4.33E-14 17.4 ± 2.4 11.5 ± 1.3 16.5 ± 2.8
244 3.59E-08 ± 2.8E-10 1.39E-06 ± 1.4E-08 1.59E-07 3450 3.0 2.50E-16 0.1 ± 0.0 12.1 ± 1.4 0.1 ± 0.1
246 4.17E-08 ± 3.2E-10 1.21E-06 ± 1.2E-08 1.52E-07 3300 4.4 2.32E-15 0.9 ± 0.1 12.1 ± 1.2 1.3 ± 0.2
300 2.80E-06 ± 2.9E-07 1.74E-07 ± 1.7E-09 1.05E-07 4000 2.5 3.19E-13 128.4 ± 20.9 0.3 ± 0.3 > 50
290 5.41E-08 ± 4.2E-10 1.02E-06 ± 1.0E-08 1.60E-07 3750 4.2 2.80E-15 1.1 ± 0.1 0.6 ± 0.3 19.0 ± 9.9
381 3.50E-08 ± 2.8E-10 1.38E-06 ± 1.4E-08 1.51E-07 4100 2.0 3.68E-16 0.1 ± 0.0 14.0 ± 1.4 0.2 ± 0.0
021 3.88E-08 ± 3.0E-10 1.38E-06 ± 1.4E-08 1.64E-07 2800 5.0 1.31E-15 0.5 ± 0.0 10.6 ± 0.3 0.9 ± 0.1

For separation of the He-components 3He/4He = 5e-8 was assumed for radiogenic helium.

4He 3He/4He 3He-T Tritium Tritium-3He Age

(Nml/g) (TU) (TU) (years)
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Date Latitude Longitude Altitude δ 18O δ 2H d-excess
rain 


amount


°dec N °dec E m.a.s.l. ‰ VSMOW ‰ VSMOW ‰ VSMOW mm


2012-01 37.489 71.52244 2086 -18.7 -135.6 13.6 -


2012-02 37.489 71.52244 2086 -19.1 -141.2 11.3 -


2012-03 37.489 71.52244 2086 -8.8 -48 22.2 -


2012-04 37.489 71.52244 2086 -5.9 -38.1 9.4 -


2012-06 37.489 71.52244 2086 -9.9 -70.3 9 -


2012-07 37.489 71.52244 2086 -2 -7.9 -24.2 -


2012-08 37.489 71.52244 2086 -2.8 -5 -27.4 -


2012-12 37.489 71.52244 2086 -24.4 -185.1 9.9 22.2


2013-01 37.489 71.52244 2086 -19.3 -142.1 12.6 25


2013-02 37.489 71.52244 2086 -17.9 -130.3 12.7 17


2012-02 37.67256 71.83347 2564 -18.4 -134.3 13.2 -


2012-03 37.67256 71.83347 2564 -11.1 -72 16.6 -


2012-04 37.67256 71.83347 2564 -11 -75.2 12.9 -


2012-05 37.67256 71.83347 2564 -6.1 -38.1 10.3 -


2012-10 37.67256 71.83347 2564 -15.6 -112.4 12 3.1


2012-11 37.67256 71.83347 2564 -20 -145 15 19.6


2012-12 37.67256 71.83347 2564 -24.1 -181 11.7 51.5


2013-01 37.67256 71.83347 2564 -20.5 -153.2 11.1 33.2


2013-02 37.67256 71.83347 2564 -21.7 -163.6 9.6 50.6


3/8/2013 37.489 71.52244 2086 -12.2 -82.8 14.6 0.8


3/9/2013 37.489 71.52244 2086 -6.8 -41.2 13.3 1.9


3/11/2013 37.489 71.52244 2086 -16.7 -125.2 8.4 2


3/12/2013 37.489 71.52244 2086 -8.5 -59.1 8.9 0.7


3/13/2013 37.489 71.52244 2086 -11.2 -79.1 10.1 4.3


3/17/2013 37.489 71.52244 2086 -19.3 -146.9 7.4 0.5


3/18/2013 37.489 71.52244 2086 -8.2 -47.2 18.1 14.6


3/18/2013 37.489 71.52244 2086 -11.3 -76.5 13.9 14.6


3/19/2013 37.489 71.52244 2086 -5.7 -26.1 19.6 1


3/19/2013 37.489 71.52244 2086 -7.2 -35.5 22.1 1


3/20/2013 37.489 71.52244 2086 -7.2 -44.6 12.7 0.5


3/21/2013 37.489 71.52244 2086 -7.6 -61.9 -1.2 0.4


3/25/2013 37.489 71.52244 2086 -8.7 -75.2 -5.7 0.6


4/7/2013 37.489 71.52244 2086 -2.9 0.4 23.2 0.1


4/9/2013 37.489 71.52244 2086 -7.8 -55.8 6.6 2.2


4/16/2013 37.489 71.52244 2086 0.6 -10.4 -15.3 0.1


4/20/2013 37.489 71.52244 2086 -4.4 -33.5 2 1.8


11/4/2013 37.489 71.52244 2086 -14 -99.5 12.4 0.7


11/5/2013 37.489 71.52244 2086 -14 -99.6 12.8 3.5


11/5/2013 37.489 71.52244 2086 -14.3 -109.2 5.1 3.5


Monthly samples


Event samples


Appendix Table 2: List of monthly integrated and event based precipitation samples and 


their 18O and 2H isotope values from two stations in the Western Pamir mountains. This 


data was also used by Meier et al. (2015a) and Meier et al. (2015b)







11/6/2013 37.489 71.52244 2086 -18.2 -144.2 1.6 2.1


11/6/2013 37.489 71.52244 2086 -15.9 -121.3 5.7 2.1


11/25/2013 37.489 71.52244 2086 -14.2 -111.9 1.6 0.1


12/5/2013 37.489 71.52244 2086 -18.5 -142.6 5.1 0.1


12/6/2013 37.489 71.52244 2086 -18.3 -136.1 10.3 0.1


12/7/2013 37.489 71.52244 2086 -19.5 -148.2 8.2 0.1


12/7/2013 37.489 71.52244 2086 -20.5 -157.2 6.9 0.1


12/8/2013 37.489 71.52244 2086 -18.5 -141.8 6.3 0.1


12/9/2013 37.489 71.52244 2086 -18.7 -137.3 12 0.1


12/16/2013 37.489 71.52244 2086 -9.7 -68.9 8.7 0.1


1/3/2014 37.489 71.52244 2086 -18.4 -132.9 14.3 1.1


1/4/2014 37.489 71.52244 2086 -19.1 -141.9 11.3 0.4


1/5/2014 37.489 71.52244 2086 -17.1 -114.6 21.9 0.6


1/8/2014 37.489 71.52244 2086 -30.6 -242 3.1 1.2


1/9/2014 37.489 71.52244 2086 -29.9 -233.2 5.8 0.9


1/25/2014 37.489 71.52244 2086 -21.9 -169.4 5.5 1.4


1/25/2014 37.489 71.52244 2086 -26 -210.6 -2.9 1.4


1/26/2014 37.489 71.52244 2086 -23.2 -175.8 10.1 1.1


1/26/2014 37.489 71.52244 2086 -20.9 -155.8 11.2 1.1


1/28/2014 37.489 71.52244 2086 -17.3 -144.4 -6 1.7


1/28/2014 37.489 71.52244 2086 -22 -167.2 9.1 1.7


1/30/2014 37.489 71.52244 2086 -16.9 -122.6 12.5 1.1


1/30/2014 37.489 71.52244 2086 -15.9 -127 -0.2 1.1


1/31/2014 37.489 71.52244 2086 -12.1 -80.2 16.4 1


2/5/2014 37.489 71.52244 2086 -25 -196.4 3.7 0.4


2/20/2014 37.489 71.52244 2086 -20.4 -156.7 6.8 1.4


2/25/2014 37.489 71.52244 2086 -13.5 -98.9 9.4 0.2


5/11/2013 37.67256 71.83347 2564 -5.4 -24.5 18.6 0.7


5/13/2013 37.67256 71.83347 2564 -4.5 -29.6 6.8 0.1


5/19/2013 37.67256 71.83347 2564 6.6 47.1 -5.9 0.5


5/20/2013 37.67256 71.83347 2564 1.2 29.7 19.9 1.8


5/24/2013 37.67256 71.83347 2564 -0.6 4.8 9.2 1.7


1/4/2014 37.67256 71.83347 2564 -19.7 -136.5 21.1 1.5


1/5/2014 37.67256 71.83347 2564 -19 -130.2 21.6 1.3


1/9/2014 37.67256 71.83347 2564 -30.1 -237.1 3.5 1.2


1/13/2014 37.67256 71.83347 2564 -15.1 -121 0.1 1


1/23/2014 37.67256 71.83347 2564 -18.2 -143.8 2.2 0.3


1/25/2014 37.67256 71.83347 2564 -25.7 -199.7 6.1 10.3


1/26/2014 37.67256 71.83347 2564 -21.5 -157.5 14.5 5.5


1/27/2014 37.67256 71.83347 2564 -16.1 -122.7 6 0.8


1/28/2014 37.67256 71.83347 2564 -22.8 -172.7 9.8 2.1


1/30/2014 37.67256 71.83347 2564 -17.3 -124.5 14 10.1


1/31/2014 37.67256 71.83347 2564 -12.5 -80.4 20 6.8


2/2/2014 37.67256 71.83347 2564 -23.2 -182.9 2.8 0.2


2/4/2014 37.67256 71.83347 2564 -23.9 -184.9 6.4 1.8


2/5/2014 37.67256 71.83347 2564 -28 -225.4 -1.8 5.6


2/7/2014 37.67256 71.83347 2564 -19.8 -169 -10.7 0.6


2/14/2014 37.67256 71.83347 2564 -14.3 -109.7 4.5 0.1


2/19/2014 37.67256 71.83347 2564 -22 -172.8 3 2.6


2/20/2014 37.67256 71.83347 2564 -20.9 -160.4 6.6 4.4







2/24/2014 37.67256 71.83347 2564 -14.7 -118.5 -0.7 0.9


2/25/2014 37.67256 71.83347 2564 -11.9 -88.3 6.7 1.1


3/3/2014 37.67256 71.83347 2564 -24.2 -187.1 6.5 0.1


3/7/2014 37.67256 71.83347 2564 -19.4 -147.4 8.2 2.7


3/8/2014 37.67256 71.83347 2564 -21.3 -163.9 6.6 9.8


3/15/2014 37.67256 71.83347 2564 -17.7 -136.3 5.5 8.1


3/16/2014 37.67256 71.83347 2564 -15.4 -118.6 4.6 2.7


3/16/2014 37.67256 71.83347 2564 -9.6 -102.7 -25.5 2.7


3/17/2014 37.67256 71.83347 2564 -11.5 -96.9 -4.8 1.4


4/4/2014 37.67256 71.83347 2564 -16.7 -129.4 4.3 3.7


4/6/2014 37.67256 71.83347 2564 -16.3 -120.1 10 7.2


4/7/2014 37.67256 71.83347 2564 -10.9 -84.1 3.4 0.1


4/8/2014 37.67256 71.83347 2564 -21.8 -188.5 -14.2 0.1


4/11/2014 37.67256 71.83347 2564 -11.5 -76.9 15.1 11


4/12/2014 37.67256 71.83347 2564 -13.3 -93.3 13.4 23.2


4/17/2014 37.67256 71.83347 2564 -15.3 -118.9 3.5 0.8


4/26/2014 37.67256 71.83347 2564 -9.4 -67 7.9 0.6


4/29/2014 37.67256 71.83347 2564 -3.7 -9.7 20.2 7.8


4/30/2014 37.67256 71.83347 2564 -3.1 -5.7 19.4 3.6








site name country LAT LON
sampling 


begin
sampling end source regional class


Almeria Aeropuerto ES 36.85 -2.3833 1/1/2000 12/31/2010 GNIP W Mediterranean


Murcia ES 38 -1.1667 1/1/2000 12/31/2010 GNIP W Mediterranean


Valencia ES 39.4667 -0.3833 1/1/2000 12/31/2010 GNIP W Mediterranean


Tortosa ES 40.8126 0.5161 1/1/2000 12/31/2010 GNIP W Mediterranean


Barcelona ES 41.38 2.12 1/1/1971 12/31/1992 GNIP W Mediterranean


Barcelona Universidad ES 41.38 2.12 1/1/1997 12/31/1998 GNIP W Mediterranean


Riells ES 41.7787 2.5047 1/1/2010 12/31/2015 GNIP W Mediterranean


Palma De Mallorca ES 39.55 2.6167 1/1/2000 12/31/2010 GNIP W Mediterranean


Gerona Aeropuerto ES 41.9 2.75 1/1/2000 12/31/2010 GNIP W Mediterranean


Algiers-CN DZ 36.78 3.0522 1/1/1998 12/31/2006 GNIP W Mediterranean


Algiers University DZ 36.72 3.18 4/1/2001 11/30/2001 GNIP W Mediterranean


Montpellier FR 43.57 3.95 1/1/1997 12/31/1998 GNIP W Mediterranean


Avignon FR 43.95 4.82 1/1/1997 12/31/2013 GNIP W Mediterranean


Gardanne FR 43.45 5.45 1/1/1997 12/31/1998 GNIP W Mediterranean


Draix FR 44.1333 6.3333 1/1/2004 12/31/2013 GNIP W Mediterranean


Monaco MC 43.7324 7.4236 1/1/1999 12/31/2015 GNIP W Mediterranean


Capo Caccia IT 40.5667 8.1667 1/1/2001 12/31/2002 GNIP W Mediterranean


Genoa (Sestri) IT 44.42 8.85 1/1/1961 12/31/2002 GNIP W Mediterranean


Cagliari-Elmas IT 39.25 9.0667 1/1/2001 12/31/2002 GNIP W Mediterranean


Tunis (Carthage) TN 36.83 10.23 1/1/1967 12/31/2006 GNIP W Mediterranean


Pisa (Central) IT 43.71 10.4 1/1/1992 12/31/2002 GNIP W Mediterranean


Sfax TN 34.7167 10.6833 1/1/1992 12/31/2015 GNIP W Mediterranean


Rome-Dst IT 41.9 12.5 1/1/1998 12/31/2003 GNIP W Mediterranean


Fogliano IT 41.3833 12.9167 1/1/1998 12/31/2002 GNIP W Mediterranean


Zannone Island IT 40.9667 13.05 1/1/1998 12/31/2002 GNIP W Mediterranean


Palermo IT 38.1 13.3 1/1/1976 12/31/2004 GNIP W Mediterranean


Marina De Ragusa IT 36.7861 14.5544 1/1/1999 12/31/2001 GNIP W Mediterranean


Ragusa IT 36.9275 14.7256 1/1/1999 12/31/2001 GNIP W Mediterranean


Siracusa IT 37.1028 15.2978 1/1/1999 12/31/2001 GNIP W Mediterranean


Methoni GR 36.83 21.72 1/1/1963 12/31/1971 GNIP E Mediterranean


Patras GR 38.28 21.79 1/1/2000 12/31/2015 GNIP E Mediterranean


Thessaloniki GR 40.67 22.96 1/1/2000 12/31/2003 GNIP E Mediterranean


Athens-Thission GR 37.97 23.72 1/1/2000 12/31/2015 GNIP E Mediterranean


Athens (Hellinikon Airport) GR 37.9 23.73 1/1/1960 12/31/1991 GNIP E Mediterranean


Athens-Pendeli GR 38.0501 23.8667 1/1/2001 12/31/2015 GNIP E Mediterranean


Limnos GR 39.88 25.07 1/1/1968 12/31/1971 GNIP E Mediterranean


Heraklion (Crete) GR 35.33 25.18 1/1/1960 12/31/1987 GNIP E Mediterranean


Alexandropolis GR 40.85 25.88 1/1/1967 12/31/1971 GNIP E Mediterranean


Sidi Barrani EG 31.62 25.95 1/1/1978 12/31/2003 GNIP E Mediterranean


Izmir TR 38.4306 27.1511 1/1/2008 12/31/2015 GNIP E Mediterranean


Marsa-Matruh EG 31.33 27.2167 1/1/1968 12/31/2003 GNIP E Mediterranean


Rhodes (Maritsai) GR 36.38 28.1 1/1/1963 12/31/1987 GNIP E Mediterranean


Ras Eltine EG 31.2 29.85 1/1/2001 12/31/2001 GNIP E Mediterranean


Alexandria EG 31.1833 29.95 1/1/1961 12/31/2004 GNIP E Mediterranean


Antalya TR 36.88 30.7 1/1/1963 12/31/2015 GNIP E Mediterranean


Nicosia CY 35.15 33.28 1/1/1963 12/31/1976 GNIP E Mediterranean


El-Arish EG 31.08 33.83 6/1/1979 12/31/2003 GNIP E Mediterranean


Rafah EG 31.2833 34.2333 1/1/2000 12/31/2003 GNIP E Mediterranean


Erdemli (Icel) TR 36.61 34.3105 1/1/1991 12/31/1993 GNIP E Mediterranean


Bet Dagan IL 31.9973 34.8162 1/1/1960 12/31/2001 GNIP E Mediterranean


Tyr LB 33.2733 35.1939 1/1/2003 12/31/2006 GNIP E Mediterranean


Adana TR 36.98 35.3 1/1/1963 12/31/2015 GNIP E Mediterranean


Beyrouth LB 33.8719 35.5097 1/1/2003 12/31/2006 GNIP E Mediterranean


Tripoli LB 34.4367 35.8497 1/1/2003 12/31/2006 GNIP E Mediterranean


Tartous SY 34.88 35.88 1/1/1989 12/31/1993 GNIP E Mediterranean


Beer Sheva IL 31.23 34.78 1/1/1963 12/31/1978 GNIP Levant


Aqaba JO 29.55 34.9 1/1/2002 12/31/2002 GNIP Levant


Durrah JO 29.3554 34.9603 1/1/1968 12/31/1969 GNIP Levant


Har Kna'An (Tirat Yael) IL 32.97 35.5 1/1/1961 12/31/1991 GNIP Levant


Yohmor LB 33.3103 35.5169 1/1/2003 12/31/2004 GNIP Levant


Aramta LB 33.465 35.575 1/1/2003 12/31/2006 GNIP Levant


Shoubak JO 30.27 35.58 1/1/1965 12/31/2003 GNIP Levant


Bhamdoun LB 33.8083 35.6511 1/1/2003 12/31/2006 GNIP Levant


Ras Muneef JO 32.3667 35.75 1/1/1985 12/31/2004 GNIP Levant


Rabba JO 31.2 35.75 1/1/1965 1/31/2002 GNIP Levant


Al Baqaa JO 32.0919 35.7769 1/1/1990 3/31/1998 GNIP Levant


Walla JO 31.72 35.7833 1/1/1987 2/29/2000 GNIP Levant


Kounietra SY 33.1167 35.825 1/1/1989 12/31/1990 GNIP Levant


Sama JO 32.6437 35.835 1/1/1968 12/31/1969 GNIP Levant


Amman-Waj JO 31.9576 35.8483 1/1/1985 12/31/2003 GNIP Levant


Appendix Table 3: List of GNIP stations and additional literature whose monthly isotope data was used for the calculation of averages







Irbid JO 32.53 35.85 1/1/1965 12/31/2002 GNIP Levant


Yarmouk University JO 32.55 35.85 12/1/1989 12/31/2003 GNIP Levant


Ernah SY 33.3625 35.8764 1/1/1991 12/31/1993 GNIP Levant


Deir Alla JO 32.1833 35.8833 12/1/1989 12/31/2003 GNIP Levant


Bekaa LB 33.8333 35.9 1/1/2003 12/31/2006 GNIP Levant


Swelleh JO 32 35.9 1/1/2002 12/31/2003 GNIP Levant


Amman Airport JO 31.98 35.93 1/1/1965 12/31/1969 GNIP Levant


Queen Alia Airport JO 31.6667 35.9833 1/1/1990 12/31/2003 GNIP Levant


Suwaqa JO 31.3697 36.0892 1/1/1968 12/31/1969 GNIP Levant


Bloudan SY 33.725 36.1303 1/1/1989 12/31/1993 GNIP Levant


Al-Jafr JO 30.3375 36.1462 1/1/1967 12/31/1969 GNIP Levant


Bab-Janet SY 35.5722 36.1897 1/1/1992 12/31/1993 GNIP Levant


Umn-El-Jemal JO 32.3055 36.2447 1/1/1968 12/31/1969 GNIP Levant


Izraa JO 32.4222 36.2569 1/1/1989 12/31/1993 Abou Zakhem and Hafez (2010) Levant


Damascus SY 33.42 36.52 1/1/1989 12/31/1993 GNIP Levant


Suwieda SY 32.7056 36.57 1/1/1989 12/31/1993 GNIP Levant


Idleb SY 35.9392 36.6067 1/1/1992 12/31/1993 GNIP Levant


Bayir JO 30.7619 36.6769 1/1/1968 12/31/1968 GNIP Levant


Homs SY 34.75 36.7167 1/1/1989 12/31/1993 GNIP Levant


Azraq JO 31.85 36.8167 1/1/1967 12/31/2003 GNIP Levant


H-5 Safawi JO 32.1991 37.1026 1/1/1968 12/31/1969 GNIP Levant


Aleppo SY 36.1833 37.2167 1/1/1989 12/31/1992 GNIP Levant


Jarablous SY 36.8222 38.0125 1/1/1991 12/31/1993 GNIP Levant


H-4 Rwashed JO 32.5025 38.1945 1/1/1968 12/31/1969 GNIP Levant


Palmyra SY 34.55 38.3 1/1/1989 12/31/1993 GNIP Levant


Trebil IQ 33.4011 38.8498 12/1/2011 3/31/2012 Ali et al. (2015) Levant


Raqqa SY 35.8972 39.3417 1/1/1991 12/31/1992 GNIP Levant


Diyarbakir TR 37.9011 40.2036 1/1/1966 12/31/2015 GNIP Levant


Haditha IQ 34.1472 42.4005 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Greer IQ 34.237 42.5662 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Mosul IQ 36.3263 43.131 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Anbar IQ 33.4295 43.1669 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Salah-Adin IQ 34.9304 43.4945 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Erbil IQ 36.1753 44.0004 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Karbala IQ 32.6154 44.1703 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Baghdad Airport IQ 33.2625 44.2346 12/1/2011 3/31/2012 Ali et al. (2014) Middle East


Baghdad Karkh IQ 33.3268 44.2829 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Kirkuk IQ 35.4736 44.384 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Baghdad Rasafa IQ 33.3963 44.3911 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Diyala IQ 33.7418 44.6412 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Bazian IQ 35.595 45.13 12/1/2009 5/25/2010 Hamamin and Ali (2013) Middle East


Diwaniyah IQ 32.0727 45.2291 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Kut IQ 32.4982 45.8266 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Nasiriya IQ 31.0429 46.2733 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Sulaimaniya IQ 35.4006 46.5041 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Amarah IQ 31.8307 47.1507 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Basrah IQ 30.5293 47.9395 12/1/2011 3/31/2012 Ali et al. (2015) Middle East


Teheran IR 35.68 51.32 1/1/1960 12/31/1987 GNIP Middle East


Teheran East IR 35.74 51.58 1/1/2000 12/31/2004 GNIP Middle East


Shahrood IR 36.37 54.89 6/1/2009 11/30/2013 Kazemi et al. (2014) Middle East


Bahrain BH 26.27 50.62 1/1/1961 12/31/2013 GNIP Persian Gulf


Karachi PK 24.9 67.13 1/1/1961 12/31/1975 GNIP N India


Jammu (Indian Controlled Kashmir) IN 32.6925 74.8461 1/1/2003 12/31/2006 GNIP N India


New Delhi IN 28.58 77.2 1/1/1960 12/31/2012 GNIP N India


Roorkee IN 29.8678 77.8939 1/1/2003 12/31/2006 GNIP N India


Rishikesh IN 30.1122 78.3025 1/1/2005 12/31/2006 GNIP N India


Sagar IN 23.8261 78.7625 1/1/2003 12/31/2006 GNIP N India


Nainital IN 29.4 79.46 1/1/1995 12/31/1995 GNIP N India


Lucknow IN 26.8747 80.9389 1/1/2003 12/31/2004 GNIP N India


Allahabad IN 25.45 81.7333 1/1/1980 12/31/1980 GNIP N India


Patna IN 25.5736 85.0703 1/1/2003 12/31/2005 GNIP N India


Kolkata IN 22.7978 88.3717 1/1/2004 12/31/2006 GNIP N India


Kabul (Karizimir) AF 34.57 69.2133 1/1/1962 12/31/1991 GNIP Kabul & Kashmir


Kashmir IN 34.0892 74.6758 6/1/2013 5/31/2014 Jeelani et al. (2017) Kabul & Kashmir


Saratov RU 51.5667 46.0333 1/1/1980 12/31/1990 GNIP Caspian Sea


Astrakhan RU 46.25 48.03 1/1/1980 12/31/2000 GNIP Caspian Sea


Kirov RU 58.65 49.6167 1/1/1980 12/31/2000 GNIP Polar


Perm RU 58.01 56.18 1/1/1973 12/31/1990 GNIP Polar


Khanty-Mansiysk RU 60.9667 69.0667 1/1/1996 12/31/2000 GNIP Polar


Omsk RU 55.01 73.38 1/1/1973 12/31/1990 GNIP Polar


Barabinsk RU 55.3333 78.3667 1/1/1996 12/31/2000 GNIP Polar


Novosibirsk RU 55.03 82.9 1/1/1969 12/31/1990 GNIP Polar


Khorugh TJ 37.489 71.5224 12/1/2011 2/28/2013 (Meier et al., 2015a; Meier et al., 2015b) Western Pamir


Navabad TJ 37.6726 71.8335 1/1/2012 2/28/2013 (Meier et al., 2015a; Meier et al., 2015b) Western Pamir








Appendix Table 4: List of surface water samples and their ẟ18O and ẟ2H isotope values.


Water type
Location 


number
Sample-ID


Latitude 


(°dec)


Longitude 


(°dec)


altitude (m 


a.s.l.)
Month Year d


18O (‰) d
2H (‰)


d excess 


(‰)


Main Stream 010 08/11-010 37.48900 71.52244 2086 8 2011 -16.1 -116.4 12.5


Main Stream 010 10/11-010 37.48900 71.52244 2086 10 2011 -15.8 -115.8 10.9


Main Stream 010 11/11-010 37.48900 71.52244 2086 11 2011 -16.2 -116.9 12.8


Main Stream 010 12/11-010 37.48900 71.52244 2086 12 2011 -16.1 -117.3 11.1


Main Stream 010 01/12-010 37.48900 71.52244 2086 1 2012 -16.1 -119.6 9.5


Main Stream 010 02/12-010 37.48900 71.52244 2086 2 2012 -15.9 -118.4 9.0


Main Stream 010 03/12-010 37.48900 71.52244 2086 3 2012 -15.7 -117.6 8.2


Main Stream 010 04/12-010 37.48900 71.52244 2086 4 2012 -15.6 -116.3 8.6


Main Stream 010 05/12-010 37.48900 71.52244 2086 5 2012 -15.8 -116.2 10.3


Main Stream 010 06/12-010 37.48900 71.52244 2086 6 2012 -15.9 -113.5 13.3


Main Stream 010 07/12-010 37.48900 71.52244 2086 7 2012 -15.8 -111.7 14.8


Main Stream 010 08/12-010 37.48900 71.52244 2086 8 2012 -15.6 -111.5 13.0


Main Stream 010 09/12-010 37.48900 71.52244 2086 9 2012 -16.1 -112.3 16.2


Main Stream 010 10/12-010 37.48900 71.52244 2086 10 2012 -15.8 -113.9 12.5


Main Stream 010 11/12-010 37.48900 71.52244 2086 11 2012 -16.2 -115.8 13.9


Main Stream 010 12/12-010 37.48900 71.52244 2086 12 2012 -15.7 -115.7 8.6


Main Stream 010 01/13-010 37.48900 71.52244 2086 1 2013 -15.8 -117.2 8.6


Main Stream 010 02/13-010 37.48900 71.52244 2086 2 2013 -15.8 -116.2 9.9


Main Stream 010 03/13-010 37.48900 71.52244 2086 3 2013 -15.6 -115.7 9.1


Main Stream 010 04/13-010 37.48900 71.52244 2086 4 2013 -15.8 -115.5 10.8


Main Stream 010 05/13-010 37.48900 71.52244 2086 5 2013 -16.0 -114.7 13.1


Main Stream 010 06/13-010 37.48900 71.52244 2086 6 2013 -15.9 -113.7 13.2


Main Stream 010 07/13-010 37.48900 71.52244 2086 7 2013 -15.9 -114.2 13.3


Main Stream 010 08/13-010 37.48900 71.52244 2086 8 2013 -16.0 -114.2 14.2


Main Stream 010 09/13-010 37.48900 71.52244 2086 9 2013 -15.6 -113.0 11.6


Main Stream 010 10/13-010 37.48900 71.52244 2086 10 2013 -15.9 -114.0 13.0


Main Stream 010 11/13-010 37.48900 71.52244 2086 11 2013 -15.8 -115.1 11.5


Main Stream 010 12/13-010 37.48900 71.52244 2086 12 2013 -15.4 -115.1 8.1


Main Stream 010 01/14-010 37.48900 71.52244 2086 1 2014 -15.6 -115.7 9.1


Main Stream 010 02/14-010 37.48900 71.52244 2086 2 2014 -15.4 -116.0 7.6


Main Stream 010 04/14-010 37.48900 71.52244 2086 4 2014 -15.5 -115.4 8.8


Main Stream 010 05/14-010 37.48900 71.52244 2086 5 2014 -15.6 -115.4 9.4


Main Stream 010 06/14-010 37.48900 71.52244 2086 6 2014 -15.4 -110.0 12.8


Main Stream 010 07/14-010 37.48900 71.52244 2086 7 2014 -15.7 -113.2 12.4


Main Stream 010 08/14-010 37.48900 71.52244 2086 8 2014 -15.9 -115.2 12.4


Main Stream 010 09/14-010 37.48900 71.52244 2086 9 2014 -15.8 -115.1 11.5


Main Stream 030 08/11-030 37.48312 71.59300 2102 8 2011 -16.3 -117.9 12.3


Main Stream 030 10/11-030 37.48312 71.59300 2102 10 2011 -16.2 -118.1 11.6


Main Stream 030 11/11-030 37.48312 71.59300 2102 11 2011 -16.3 -119.2 11.1


Main Stream 030 12/11-030 37.48312 71.59300 2102 12 2011 -16.2 -119.1 10.7


Main Stream 030 01/12-030 37.48312 71.59300 2102 1 2012 -16.2 -120.6 9.0


Main Stream 030 02/12-030 37.48312 71.59300 2102 2 2012 -16.0 -120.5 7.2


Main Stream 030 03/12-030 37.48312 71.59300 2102 3 2012 -15.9 -119.7 7.2


Main Stream 030 04/12-030 37.48312 71.59300 2102 4 2012 -15.8 -119.2 7.4


Main Stream 030 05/12-030 37.48312 71.59300 2102 5 2012 -16.0 -116.9 11.0


Main Stream 030 06/12-030 37.48312 71.59300 2102 6 2012 -16.0 -116.0 12.1


Main Stream 030 07/12-030 37.48312 71.59300 2102 7 2012 -16.0 -113.8 14.5


Main Stream 030 08/12-030 37.48312 71.59300 2102 8 2012 -15.9 -114.1 12.8


Main Stream 030 09/12-030 37.48312 71.59300 2102 9 2012 -16.3 -114.2 16.3


Main Stream 030 10/12-030 37.48312 71.59300 2102 10 2012 -16.1 -117.1 11.8


Main Stream 030 11/12-030 37.48312 71.59300 2102 11 2012 -15.9 -117.1 10.0


Main Stream 030 12/12-030 37.48312 71.59300 2102 12 2012 -16.0 -118.0 7.4


Main Stream 030 01/13-030 37.48312 71.59300 2102 1 2013 -15.9 -118.2 7.4


Main Stream 030 02/13-030 37.48312 71.59300 2102 2 2013 -15.8 -118.2 8.4


Main Stream 030 03/13-030 37.48312 71.59300 2102 3 2013 -15.8 -117.9 8.5


Main Stream 030 04/13-030 37.48312 71.59300 2102 4 2013 -15.7 -117.6 8.2


Main Stream 030 05/13-030 37.48312 71.59300 2102 5 2013 -16.2 -117.2 12.4


Main Stream 030 06/13-030 37.48312 71.59300 2102 6 2013 -16.2 -116.6 13.0


Main Stream 030 07/13-030 37.48312 71.59300 2102 7 2013 -15.5 -113.4 10.3


Main Stream 030 08/13-030 37.48312 71.59300 2102 8 2013 -16.2 -116.2 13.0


Main Stream 030 09/13-030 37.48312 71.59300 2102 9 2013 -15.9 -115.5 12.1


Main Stream 030 10/13-030 37.48312 71.59300 2102 10 2013 -16.0 -116.5 11.7


Main Stream 030 11/13-030 37.48312 71.59300 2102 11 2013 -16.0 -116.3 11.8


Main Stream 030 12/13-030 37.48312 71.59300 2102 12 2013 -15.5 -116.7 7.4


Main Stream 030 01/14-030 37.48312 71.59300 2102 1 2014 -15.9 -116.9 10.3


Main Stream 030 02/14-030 37.48312 71.59300 2102 2 2014 -15.5 -117.5 6.2


Main Stream 030 03/14-030 37.48312 71.59300 2102 3 2014 -15.6 -117.0 8.1


Main Stream 030 04/14-030 37.48312 71.59300 2102 4 2014 -15.8 -115.7 10.4


Main Stream 030 05/14-030 37.48312 71.59300 2102 5 2014 -15.9 -118.1 9.1


Main Stream 030 06/14-030 37.48312 71.59300 2102 6 2014 -15.8 -113.3 12.8







Main Stream 030 07/14-030 37.48312 71.59300 2102 7 2014 -16.0 -115.0 12.7


Main Stream 030 08/14-030 37.48312 71.59300 2102 8 2014 -16.2 -117.7 12.3


Main Stream 030 09/14-030 37.48312 71.59300 2102 9 2014 -16.0 -116.5 11.2


Main Stream 041 11/11-041 37.53283 71.65744 2273 11 2011 -16.5 -120.0 12.1


Main Stream 041 12/11-041 37.53283 71.65744 2273 12 2011 -16.4 -120.6 10.3


Main Stream 041 01/12-041 37.53283 71.65744 2273 1 2012 -16.3 -120.4 10.0


Main Stream 041 02/12-041 37.53283 71.65744 2273 2 2012 -15.9 -121.4 6.1


Main Stream 041 03/12-041 37.53283 71.65744 2273 3 2012 -15.9 -120.5 6.9


Main Stream 041 04/12-041 37.53283 71.65744 2273 4 2012 -15.8 -119.8 6.5


Main Stream 041 05/12-041 37.53283 71.65744 2273 5 2012 -16.1 -117.5 11.3


Main Stream 041 06/12-041 37.53283 71.65744 2273 6 2012 -16.1 -117.0 11.9


Main Stream 041 07/12-041 37.53283 71.65744 2273 7 2012 -16.1 -114.9 13.9


Main Stream 041 08/12-041 37.53283 71.65744 2273 8 2012 -15.9 -114.7 12.4


Main Stream 041 09/12-041 37.53283 71.65744 2273 9 2012 -16.5 -114.8 17.0


Main Stream 041 10/12-041 37.53283 71.65744 2273 10 2012 -16.2 -117.6 11.9


Main Stream 041 11/12-041 37.53283 71.65744 2273 11 2012 -16.1 -117.9 10.8


Main Stream 041 12/12-041 37.53283 71.65744 2273 12 2012 -15.9 -119.1 6.5


Main Stream 041 02/13-041 37.53283 71.65744 2273 2 2013 -15.8 -118.6 7.8


Main Stream 041 06/13-041 37.53283 71.65744 2273 6 2013 -15.6 -109.9 15.0


Main Stream 041 07/13-041 37.53283 71.65744 2273 7 2013 -15.1 -106.2 14.5


Main Stream 041 08/13-041 37.53283 71.65744 2273 8 2013 -16.0 -116.4 11.7


Main Stream 041 09/13-041 37.53283 71.65744 2273 9 2013 -15.8 -115.0 11.3


Main Stream 041 10/13-041 37.53283 71.65744 2273 10 2013 -16.1 -117.0 12.1


Main Stream 041 11/13-041 37.53283 71.65744 2273 11 2013 -16.1 -117.4 11.2


Main Stream 041 12/13-041 37.53283 71.65744 2273 12 2013 -15.7 -118.0 7.6


Main Stream 041 02/14-041 37.53283 71.65744 2273 2 2014 -15.4 -117.8 5.3


Main Stream 041 03/14-041 37.53283 71.65744 2273 3 2014 -15.7 -117.7 8.2


Main Stream 041 04/14-041 37.53283 71.65744 2273 4 2014 -15.9 -117.2 10.1


Main Stream 041 05/14-041 37.53283 71.65744 2273 5 2014 -16.0 -119.2 8.5


Main Stream 041 06/14-041 37.53283 71.65744 2273 6 2014 -15.9 -114.2 12.8


Main Stream 041 07/14-041 37.53283 71.65744 2273 7 2014 -16.0 -116.0 12.3


Main Stream 041 08/14-041 37.53283 71.65744 2273 8 2014 -16.3 -118.2 12.2


Main Stream 041 09/14-041 37.53283 71.65744 2273 9 2014 -16.1 -117.1 11.6


Main Stream 060 10/11-060 37.56253 71.72122 2347 10 2011 -16.1 -118.1 10.9


Main Stream 060 11/11-060 37.56253 71.72122 2347 11 2011 -16.5 -120.0 12.0


Main Stream 060 12/11-060 37.56253 71.72122 2347 12 2011 -16.3 -120.8 9.6


Main Stream 060 01/12-060 37.56253 71.72122 2347 1 2012 -16.2 -121.3 8.2


Main Stream 060 02/12-060 37.56253 71.72122 2347 2 2012 -16.0 -121.6 6.1


Main Stream 060 03/12-060 37.56253 71.72122 2347 3 2012 -16.0 -120.4 7.3


Main Stream 060 04/12-060 37.56253 71.72122 2347 4 2012 -15.9 -118.7 8.5


Main Stream 060 05/12-060 37.56253 71.72122 2347 5 2012 -16.0 -117.5 10.8


Main Stream 060 06/12-060 37.56253 71.72122 2347 6 2012 -16.1 -116.7 12.5


Main Stream 060 07/12-060 37.56253 71.72122 2347 7 2012 -16.2 -114.7 14.9


Main Stream 060 08/12-060 37.56253 71.72122 2347 8 2012 -15.8 -114.9 11.8


Main Stream 060 09/12-060 37.56253 71.72122 2347 9 2012 -16.4 -114.9 16.7


Main Stream 060 10/12-060 37.56253 71.72122 2347 10 2012 -16.1 -117.9 10.7


Main Stream 060 11/12-060 37.56253 71.72122 2347 11 2012 -16.1 -118.1 10.8


Main Stream 060 12/12-060 37.56253 71.72122 2347 12 2012 -15.9 -119.1 8.5


Main Stream 060 02/13-060 37.56253 71.72122 2347 2 2013 -15.8 -119.0 7.3


Main Stream 060 04/13-060 37.56253 71.72122 2347 4 2013 -16.0 -119.1 8.9


Main Stream 060 06/13-060 37.56253 71.72122 2347 6 2013 -16.1 -117.4 11.7


Main Stream 060 07/13-060 37.56253 71.72122 2347 7 2013 -16.2 -116.3 13.5


Main Stream 060 08/13-060 37.56253 71.72122 2347 8 2013 -16.0 -116.7 11.4


Main Stream 060 09/13-060 37.56253 71.72122 2347 9 2013 -16.1 -115.4 13.2


Main Stream 060 10/13-060 37.56253 71.72122 2347 10 2013 -16.1 -117.0 11.4


Main Stream 060 11/13-060 37.56253 71.72122 2347 11 2013 -16.0 -117.6 10.3


Main Stream 060 12/13-060 37.56253 71.72122 2347 12 2013 -15.8 -117.8 8.4


Main Stream 060 01/14-060 37.56253 71.72122 2347 1 2014 -15.7 -116.6 9.0


Main Stream 060 02/14-060 37.56253 71.72122 2347 2 2014 -15.6 -118.1 6.4


Main Stream 060 03/14-060 37.56253 71.72122 2347 3 2014 -15.8 -117.6 8.7


Main Stream 060 04/14-060 37.56253 71.72122 2347 4 2014 -16.0 -117.6 10.5


Main Stream 060 05/14-060 37.56253 71.72122 2347 5 2014 -15.9 -119.0 8.2


Main Stream 060 06/14-060 37.56253 71.72122 2347 6 2014 -15.9 -114.6 12.4


Main Stream 060 07/14-060 37.56253 71.72122 2347 7 2014 -15.9 -116.0 11.3


Main Stream 060 08/14-060 37.56253 71.72122 2347 8 2014 -16.3 -118.3 12.3


Main Stream 060 09/14-060 37.56253 71.72122 2347 9 2014 -16.1 -117.0 11.5


Main Stream 080 08/11-080 37.61490 71.75914 2467 8 2011 -16.1 -115.8 12.7


Main Stream 080 10/11-080 37.61490 71.75914 2467 10 2011 -16.3 -119.3 10.8


Main Stream 080 11/11-080 37.61490 71.75914 2467 11 2011 -16.6 -120.6 11.9


Main Stream 080 12/11-080 37.61490 71.75914 2467 12 2011 -16.4 -121.5 9.9


Main Stream 080 01/12-080 37.61490 71.75914 2467 1 2012 -16.2 -122.0 7.9


Main Stream 080 02/12-080 37.61490 71.75914 2467 2 2012 -16.2 -121.7 7.8


Main Stream 080 03/12-080 37.61490 71.75914 2467 3 2012 -15.9 -120.7 6.8


Main Stream 080 04/12-080 37.61490 71.75914 2467 4 2012 -16.0 -120.7 7.6







Main Stream 080 05/12-080 37.61490 71.75914 2467 5 2012 -16.4 -119.8 11.2


Main Stream 080 06/12-080 37.61490 71.75914 2467 6 2012 -16.4 -119.1 11.9


Main Stream 080 07/12-080 37.61490 71.75914 2467 7 2012 -16.3 -115.9 14.8


Main Stream 080 08/12-080 37.61490 71.75914 2467 8 2012 -16.0 -115.8 12.0


Main Stream 080 10/12-080 37.61490 71.75914 2467 10 2012 -16.2 -118.1 11.8


Main Stream 080 11/12-080 37.61490 71.75914 2467 11 2012 -16.0 -118.6 9.5


Main Stream 080 12/12-080 37.61490 71.75914 2467 12 2012 -16.0 -119.4 7.6


Main Stream 080 02/13-080 37.61490 71.75914 2467 2 2013 -15.8 -118.3 8.0


Main Stream 090 10/11-090 37.63383 71.76953 2479 10 2011 -16.2 -119.5 10.0


Main Stream 090 12/11-090 37.63383 71.76953 2479 12 2011 -16.4 -121.5 9.8


Main Stream 090 01/12-090 37.63383 71.76953 2479 1 2012 -16.2 -121.9 8.0


Main Stream 090 02/12-090 37.63383 71.76953 2479 2 2012 -16.2 -121.8 7.6


Main Stream 090 03/12-090 37.63383 71.76953 2479 3 2012 -16.1 -121.1 7.4


Main Stream 090 04/12-090 37.63383 71.76953 2479 4 2012 -16.1 -121.4 7.1


Main Stream 090 05/12-090 37.63383 71.76953 2479 5 2012 -16.3 -120.5 9.9


Main Stream 090 06/12-090 37.63383 71.76953 2479 6 2012 -16.4 -118.2 12.6


Main Stream 090 07/12-090 37.63383 71.76953 2479 7 2012 -16.3 -116.0 14.3


Main Stream 090 08/12-090 37.63383 71.76953 2479 8 2012 -16.1 -116.0 12.5


Main Stream 090 09/12-090 37.63383 71.76953 2479 9 2012 -16.7 -115.5 18.0


Main Stream 090 10/12-090 37.63383 71.76953 2479 10 2012 -16.2 -118.4 11.5


Main Stream 090 11/12-090 37.63383 71.76953 2479 11 2012 -16.1 -118.1 10.5


Main Stream 090 12/12-090 37.63383 71.76953 2479 12 2012 -16.1 -119.8 7.1


Main Stream 090 02/13-090 37.63383 71.76953 2479 2 2013 -15.7 -119.3 6.7


Main Stream 090 04/13-090 37.63383 71.76953 2479 4 2013 -15.9 -119.7 7.2


Main Stream 090 06/13-090 37.63383 71.76953 2479 6 2013 -16.4 -118.5 12.5


Main Stream 090 07/13-090 37.63383 71.76953 2479 7 2013 -16.4 -117.5 13.6


Main Stream 090 08/13-090 37.63383 71.76953 2479 8 2013 -16.1 -117.0 12.1


Main Stream 090 09/13-090 37.63383 71.76953 2479 9 2013 -16.1 -116.5 12.6


Main Stream 090 10/13-090 37.63383 71.76953 2479 10 2013 -16.2 -117.6 12.3


Main Stream 090 11/13-090 37.63383 71.76953 2479 11 2013 -16.0 -118.7 8.9


Main Stream 090 12/13-090 37.63383 71.76953 2479 12 2013 -15.9 -118.4 9.2


Main Stream 090 01/14-090 37.63383 71.76953 2479 1 2014 -15.7 -118.6 7.4


Main Stream 090 02/14-090 37.63383 71.76953 2479 2 2014 -15.8 -118.1 8.1


Main Stream 090 03/14-090 37.63383 71.76953 2479 3 2014 -15.6 -119.2 5.4


Main Stream 090 04/14-090 37.63383 71.76953 2479 4 2014 -16.0 -118.1 9.7


Main Stream 090 05/14-090 37.63383 71.76953 2479 5 2014 -15.9 -121.0 6.4


Main Stream 090 06/14-090 37.63383 71.76953 2479 6 2014 -16.2 -116.7 12.6


Main Stream 090 07/14-090 37.63383 71.76953 2479 7 2014 -16.1 -117.0 11.8


Main Stream 090 08/14-090 37.63383 71.76953 2479 8 2014 -16.4 -119.0 12.1


Main Stream 090 09/14-090 37.63383 71.76953 2479 9 2014 -16.2 -117.8 12.1


Main Stream 091 11/11-091 37.64433 71.79261 2510 11 2011 -16.5 -121.3 11.0


Main Stream 102 04/13-102 37.67121 71.83238 2577 4 2013 -16.0 -119.2 9.0


Main Stream 102 06/13-102 37.67121 71.83238 2577 6 2013 -16.5 -118.6 13.1


Main Stream 102 07/13-102 37.67121 71.83238 2577 7 2013 -16.2 -116.3 12.9


Main Stream 102 08/13-102 37.67121 71.83238 2577 8 2013 -16.3 -118.0 12.6


Main Stream 102 09/13-102 37.67121 71.83238 2577 9 2013 -16.1 -116.9 11.7


Main Stream 102 10/13-102 37.67121 71.83238 2577 10 2013 -16.2 -117.1 12.5


Main Stream 102 11/13-102 37.67121 71.83238 2577 11 2013 -16.1 -119.4 9.6


Main Stream 102 12/13-102 37.67121 71.83238 2577 12 2013 -15.8 -118.5 8.2


Main Stream 102 01/14-102 37.67121 71.83238 2577 1 2014 -15.9 -118.0 8.9


Main Stream 102 02/14-102 37.67121 71.83238 2577 2 2014 -15.5 -119.0 4.9


Main Stream 102 03/14-102 37.67121 71.83238 2577 3 2014 -15.5 -119.1 4.5


Main Stream 102 04/14-102 37.67121 71.83238 2577 4 2014 -16.0 -118.6 9.1


Main Stream 102 05/14-102 37.67121 71.83238 2577 5 2014 -15.8 -121.9 4.8


Main Stream 102 06/14-102 37.67121 71.83238 2577 6 2014 -16.3 -118.5 12.0


Main Stream 102 07/14-102 37.67121 71.83238 2577 7 2014 -16.1 -118.4 10.6


Main Stream 102 08/14-102 37.67121 71.83238 2577 8 2014 -16.4 -119.4 11.9


Main Stream 102 09/14-102 37.67121 71.83238 2577 9 2014 -16.2 -118.3 11.5


Main Stream 112 04/13-112 37.67969 71.84937 2585 4 2013 -16.2 -120.9 8.6


Main Stream 112 06/13-112 37.67969 71.84937 2585 6 2013 -16.2 -118.3 11.0


Main Stream 112 07/13-112 37.67969 71.84937 2585 7 2013 -16.4 -118.2 13.1


Main Stream 112 08/13-112 37.67969 71.84937 2585 8 2013 -16.2 -117.8 12.1


Main Stream 112 09/13-112 37.67969 71.84937 2585 9 2013 -16.3 -116.9 13.3


Main Stream 112 10/13-112 37.67969 71.84937 2585 10 2013 -16.3 -118.9 11.7


Main Stream 112 11/13-112 37.67969 71.84937 2585 11 2013 -16.3 -119.6 10.8


Main Stream 112 12/13-112 37.67969 71.84937 2585 12 2013 -15.9 -119.3 7.9


Main Stream 112 01/14-112 37.67969 71.84937 2585 1 2014 -15.8 -118.6 7.8


Main Stream 112 02/14-112 37.67969 71.84937 2585 2 2014 -15.5 -119.2 4.7


Main Stream 112 03/14-112 37.67969 71.84937 2585 3 2014 -15.6 -119.9 4.9


Main Stream 112 04/14-112 37.67969 71.84937 2585 4 2014 -16.3 -120.1 10.4


Main Stream 112 05/14-112 37.67969 71.84937 2585 5 2014 -15.8 -122.2 3.9


Main Stream 112 06/14-112 37.67969 71.84937 2585 6 2014 -16.2 -118.8 11.1


Main Stream 112 07/14-112 37.67969 71.84937 2585 7 2014 -16.3 -118.6 11.6


Main Stream 112 08/14-112 37.67969 71.84937 2585 8 2014 -16.4 -119.8 11.8







Main Stream 112 09/14-112 37.67969 71.84937 2585 9 2014 -16.3 -119.1 11.4


Main Stream 121 04/13-121 37.70194 71.88603 2615 4 2013 -16.0 -121.0 7.2


Main Stream 121 06/13-121 37.70194 71.88603 2615 6 2013 -16.6 -119.7 12.7


Main Stream 121 07/13-121 37.70194 71.88603 2615 7 2013 -16.3 -118.9 11.8


Main Stream 121 08/13-121 37.70194 71.88603 2615 8 2013 -16.2 -118.0 11.9


Main Stream 121 09/13-121 37.70194 71.88603 2615 9 2013 -16.3 -117.1 13.0


Main Stream 121 10/13-121 37.70194 71.88603 2615 10 2013 -16.3 -118.8 11.9


Main Stream 121 12/13-121 37.70194 71.88603 2615 12 2013 -16.2 -119.5 9.9


Main Stream 121 01/14-121 37.70194 71.88603 2615 1 2014 -15.8 -118.5 7.9


Main Stream 121 02/14-121 37.70194 71.88603 2615 2 2014 -15.6 -119.7 5.1


Main Stream 121 03/14-121 37.70194 71.88603 2615 3 2014 -15.5 -120.4 3.9


Main Stream 121 04/14-121 37.70194 71.88603 2615 4 2014 -15.1 -115.6 5.5


Main Stream 121 05/14-121 37.70194 71.88603 2615 5 2014 -15.9 -122.4 4.6


Main Stream 121 06/14-121 37.70194 71.88603 2615 6 2014 -16.3 -118.6 11.7


Main Stream 121 07/14-121 37.70194 71.88603 2615 7 2014 -16.4 -119.0 12.1


Main Stream 121 08/14-121 37.70194 71.88603 2615 8 2014 -16.5 -120.1 11.8


Main Stream 121 09/14-121 37.70194 71.88603 2615 9 2014 -16.3 -119.1 11.2


Main Stream 140 10/11-140 37.69903 71.91923 2648 10 2011 -16.5 -121.2 11.1


Main Stream 140 11/11-140 37.69903 71.91923 2648 11 2011 -16.8 -122.4 12.0


Main Stream 140 12/11-140 37.69903 71.91923 2648 12 2011 -16.4 -122.4 9.0


Main Stream 140 01/12-140 37.69903 71.91923 2648 1 2012 -16.3 -123.5 6.8


Main Stream 140 02/12-140 37.69903 71.91923 2648 2 2012 -16.4 -122.5 8.6


Main Stream 140 03/12-140 37.69903 71.91923 2648 3 2012 -16.0 -122.1 5.9


Main Stream 140 04/12-140 37.69903 71.91923 2648 4 2012 -16.4 -122.3 8.6


Main Stream 140 05/12-140 37.69903 71.91923 2648 5 2012 -16.5 -123.0 9.2


Main Stream 140 06/12-140 37.69903 71.91923 2648 6 2012 -16.6 -121.6 11.2


Main Stream 140 07/12-140 37.69903 71.91923 2648 7 2012 -16.4 -118.0 13.3


Main Stream 140 08/12-140 37.69903 71.91923 2648 8 2012 -16.2 -117.5 11.8


Main Stream 140 10/12-140 37.69903 71.91923 2648 10 2012 -16.8 -120.2 14.3


Main Stream 140 11/12-140 37.69903 71.91923 2648 11 2012 -16.3 -120.2 10.3


Main Stream 140 12/12-140 37.69903 71.91923 2648 12 2012 -16.1 -121.2 15.4


Main Stream 140 02/13-140 37.69903 71.91923 2648 2 2013 -15.9 -119.9 7.3


Main Stream 140 04/13-140 37.69903 71.91923 2648 4 2013 -16.0 -120.8 7.3


Main Stream 140 06/13-140 37.69903 71.91923 2648 6 2013 -16.6 -120.0 12.4


Main Stream 140 07/13-140 37.69903 71.91923 2648 7 2013 -16.5 -119.3 13.0


Main Stream 140 08/13-140 37.69903 71.91923 2648 8 2013 -16.7 -116.0 17.3


Main Stream 140 09/13-140 37.69903 71.91923 2648 9 2013 -16.3 -118.3 12.2


Main Stream 140 10/13-140 37.69903 71.91923 2648 10 2013 -16.3 -119.3 11.2


Main Stream 140 11/13-140 37.69903 71.91923 2648 11 2013 -16.2 -119.8 9.8


Main Stream 140 12/13-140 37.69903 71.91923 2648 12 2013 -16.2 -120.5 9.1


Main Stream 140 01/14-140 37.69903 71.91923 2648 1 2014 -15.8 -118.9 7.3


Main Stream 140 02/14-140 37.69903 71.91923 2648 2 2014 -15.7 -119.8 6.1


Main Stream 140 03/14-140 37.69903 71.91923 2648 3 2014 -15.8 -119.8 6.8


Main Stream 140 04/14-140 37.69903 71.91923 2648 4 2014 -16.2 -120.9 8.7


Main Stream 140 05/14-140 37.69903 71.91923 2648 5 2014 -15.8 -122.7 3.4


Main Stream 140 06/14-140 37.69903 71.91923 2648 6 2014 -16.2 -119.3 10.7


Main Stream 140 07/14-140 37.69903 71.91923 2648 7 2014 -16.4 -118.8 12.7


Main Stream 140 08/14-140 37.69903 71.91923 2648 8 2014 -16.5 -120.2 11.8


Main Stream 140 09/14-140 37.69903 71.91923 2648 9 2014 -16.4 -119.2 11.6


Main Stream 170 10/11-170 37.72297 71.98008 2729 10 2011 -16.6 -122.0 10.9


Main Stream 170 11/11-170 37.72297 71.98008 2729 11 2011 -16.7 -123.5 10.5


Main Stream 170 12/11-170 37.72297 71.98008 2729 12 2011 -16.4 -123.5 8.1


Main Stream 170 01/12-170 37.72297 71.98008 2729 1 2012 -16.3 -122.9 7.2


Main Stream 170 02/12-170 37.72297 71.98008 2729 2 2012 -16.4 -123.6 7.8


Main Stream 170 04/12-170 37.72297 71.98008 2729 4 2012 -16.3 -122.8 7.7


Main Stream 170 05/12-170 37.72297 71.98008 2729 5 2012 -16.7 -124.4 9.0


Main Stream 170 06/12-170 37.72297 71.98008 2729 6 2012 -16.7 -122.4 11.4


Main Stream 170 07/12-170 37.72297 71.98008 2729 7 2012 -16.6 -119.0 14.0


Main Stream 170 08/12-170 37.72297 71.98008 2729 8 2012 -16.3 -117.2 12.9


Main Stream 170 10/12-170 37.72297 71.98008 2729 10 2012 -16.9 -120.8 14.8


Main Stream 170 11/12-170 37.72297 71.98008 2729 11 2012 -16.3 -121.4 8.7


Main Stream 170 12/12-170 37.72297 71.98008 2729 12 2012 -15.9 -121.3 15.9


Main Stream 170 02/13-170 37.72297 71.98008 2729 2 2013 -16.0 -120.2 7.9


Main Stream 170 04/13-170 37.72297 71.98008 2729 4 2013 -15.9 -109.3 18.1


Main Stream 170 06/13-170 37.72297 71.98008 2729 6 2013 -15.6 -116.6 8.1


Main Stream 170 07/13-170 37.72297 71.98008 2729 7 2013 -16.4 -119.8 11.5


Main Stream 170 08/13-170 37.72297 71.98008 2729 8 2013 -16.7 -118.8 15.0


Main Stream 170 09/13-170 37.72297 71.98008 2729 9 2013 -16.2 -118.0 11.6


Main Stream 170 10/13-170 37.72297 71.98008 2729 10 2013 -16.3 -120.0 10.6


Main Stream 170 11/13-170 37.72297 71.98008 2729 11 2013 -16.4 -120.4 10.5


Main Stream 170 12/13-170 37.72297 71.98008 2729 12 2013 -16.0 -119.1 8.8


Main Stream 170 01/14-170 37.72297 71.98008 2729 1 2014 -15.9 -118.9 8.2


Main Stream 170 02/14-170 37.72297 71.98008 2729 2 2014 -15.8 -119.9 6.6


Main Stream 170 03/14-170 37.72297 71.98008 2729 3 2014 -15.7 -120.3 5.6







Main Stream 170 04/14-170 37.72297 71.98008 2729 4 2014 -16.3 -121.2 9.1


Main Stream 170 05/14-170 37.72297 71.98008 2729 5 2014 -16.0 -123.8 4.0


Main Stream 170 06/14-170 37.72297 71.98008 2729 6 2014 -16.4 -120.1 10.9


Main Stream 170 07/14-170 37.72297 71.98008 2729 7 2014 -16.5 -120.0 11.8


Main Stream 170 08/14-170 37.72297 71.98008 2729 8 2014 -16.5 -120.4 12.0


Main Stream 170 09/14-170 37.72297 71.98008 2729 9 2014 -16.3 -120.1 10.3


Main Stream 210 10/11-210 37.74389 72.14961 2934 10 2011 -16.7 -123.2 10.1


Main Stream 210 11/11-210 37.74389 72.14961 2934 11 2011 -16.7 -124.3 9.7


Main Stream 210 12/11-210 37.74389 72.14961 2934 12 2011 -16.4 -123.7 7.3


Main Stream 210 01/12-210 37.74389 72.14961 2934 1 2012 -16.3 -123.7 6.6


Main Stream 210 02/12-210 37.74389 72.14961 2934 2 2012 -16.4 -123.5 7.7


Main Stream 210 03/12-210 37.74389 72.14961 2934 3 2012 -16.2 -122.6 6.9


Main Stream 210 04/12-210 37.74389 72.14961 2934 4 2012 -16.2 -123.0 6.6


Main Stream 210 05/12-210 37.74389 72.14961 2934 5 2012 -16.9 -125.6 9.3


Main Stream 210 06/12-210 37.74389 72.14961 2934 6 2012 -16.9 -123.4 11.9


Main Stream 210 07/12-210 37.74389 72.14961 2934 7 2012 -16.7 -121.0 12.6


Main Stream 210 08/12-210 37.74389 72.14961 2934 8 2012 -16.6 -119.8 13.2


Main Stream 210 09/12-210 37.74389 72.14961 2934 9 2012 -16.5 -119.4 12.5


Main Stream 210 10/12-210 37.74389 72.14961 2934 10 2012 -16.4 -121.9 9.5


Main Stream 210 11/12-210 37.74389 72.14961 2934 11 2012 -16.3 -121.1 9.1


Main Stream 210 12/12-210 37.74389 72.14961 2934 12 2012 -16.1 -121.9 15.0


Main Stream 210 02/13-210 37.74389 72.14961 2934 2 2013 -15.9 -120.7 6.1


Main Stream 210 04/13-210 37.74389 72.14961 2934 4 2013 -16.4 -121.7 9.4


Main Stream 210 06/13-210 37.74389 72.14961 2934 6 2013 -17.1 -121.4 15.5


Main Stream 210 07/13-210 37.74389 72.14961 2934 7 2013 -16.6 -120.8 12.0


Main Stream 210 08/13-210 37.74389 72.14961 2934 8 2013 -16.6 -120.6 12.1


Main Stream 210 09/13-210 37.74389 72.14961 2934 9 2013 -16.3 -119.9 10.6


Main Stream 210 10/13-210 37.74389 72.14961 2934 10 2013 -16.4 -120.6 10.3


Main Stream 210 11/13-210 37.74389 72.14961 2934 11 2013 -16.3 -121.2 9.5


Main Stream 210 12/13-210 37.74389 72.14961 2934 12 2013 -16.1 -120.2 8.6


Main Stream 210 01/14-210 37.74389 72.14961 2934 1 2014 -15.9 -119.1 7.9


Main Stream 210 02/14-210 37.74389 72.14961 2934 2 2014 -16.5 -119.9 11.8


Main Stream 210 03/14-210 37.74389 72.14961 2934 3 2014 -15.9 -120.4 6.6


Main Stream 210 04/14-210 37.74389 72.14961 2934 4 2014 -16.4 -121.2 10.1


Main Stream 210 05/14-210 37.74389 72.14961 2934 5 2014 -16.7 -122.0 11.5


Main Stream 210 06/14-210 37.74389 72.14961 2934 6 2014 -16.5 -122.2 9.9


Main Stream 210 07/14-210 37.74389 72.14961 2934 7 2014 -16.7 -122.6 10.8


Main Stream 210 08/14-210 37.74389 72.14961 2934 8 2014 -16.7 -122.5 11.4


Main Stream 210 09/14-210 37.74389 72.14961 2934 9 2014 -16.5 -121.6 10.6


Main Stream 240 10/11-240 37.71667 72.29867 3083 10 2011 -16.8 -124.7 9.8


Main Stream 241 11/11-241 37.70764 72.34975 3121 11 2011 -16.7 -126.1 7.6


Main Stream 241 12/11-241 37.70764 72.34975 3121 12 2011 -16.4 -124.2 7.0


Main Stream 241 01/12-241 37.70764 72.34975 3121 1 2012 -16.2 -124.1 5.4


Main Stream 241 02/12-241 37.70764 72.34975 3121 2 2012 -16.3 -124.0 6.7


Main Stream 241 03/12-241 37.70764 72.34975 3121 3 2012 -16.1 -123.1 5.6


Main Stream 241 04/12-241 37.70764 72.34975 3121 4 2012 -16.1 -123.9 4.5


Main Stream 241 05/12-241 37.70764 72.34975 3121 5 2012 -16.9 -127.6 7.5


Main Stream 241 06/12-241 37.70764 72.34975 3121 6 2012 -16.9 -125.2 10.2


Main Stream 241 07/12-241 37.70764 72.34975 3121 7 2012 -16.5 -121.5 10.7


Main Stream 241 08/12-241 37.70764 72.34975 3121 8 2012 -16.7 -122.1 11.8


Main Stream 241 09/12-241 37.70764 72.34975 3121 9 2012 -16.5 -122.2 9.6


Main Stream 241 10/12-241 37.70764 72.34975 3121 10 2012 -17.3 -124.3 13.9


Main Stream 241 11/12-241 37.70764 72.34975 3121 11 2012 -17.2 -126.0 11.8


Main Stream 241 12/12-241 37.70764 72.34975 3121 12 2012 -15.9 -120.0 14.8


Main Stream 241 02/13-241 37.70764 72.34975 3121 2 2013 -15.8 -120.2 5.8


Main Stream 241 04/13-241 37.70764 72.34975 3121 4 2013 -16.2 -122.0 7.9


Main Stream 241 06/13-241 37.70764 72.34975 3121 6 2013 -17.4 -122.4 17.0


Main Stream 241 07/13-241 37.70764 72.34975 3121 7 2013 -16.7 -122.4 11.3


Main Stream 241 08/13-241 37.70764 72.34975 3121 8 2013 -16.5 -121.7 10.2


Main Stream 241 09/13-241 37.70764 72.34975 3121 9 2013 -16.5 -121.7 10.2


Main Stream 241 10/13-241 37.70764 72.34975 3121 10 2013 -16.4 -122.5 8.8


Main Stream 241 11/13-241 37.70764 72.34975 3121 11 2013 -15.9 -121.9 5.7


Main Stream 241 12/13-241 37.70764 72.34975 3121 12 2013 -15.9 -120.4 6.4


Main Stream 241 01/14-241 37.70764 72.34975 3121 1 2014 -15.6 -118.6 6.1


Main Stream 241 02/14-241 37.70764 72.34975 3121 2 2014 -16.3 -120.0 10.0


Main Stream 241 03/14-241 37.70764 72.34975 3121 3 2014 -15.5 -119.2 4.9


Main Stream 241 04/14-241 37.70764 72.34975 3121 4 2014 -16.1 -120.3 8.2


Main Stream 241 05/14-241 37.70764 72.34975 3121 5 2014 -16.9 -127.6 7.7


Main Stream 241 06/14-241 37.70764 72.34975 3121 6 2014 -16.7 -123.9 9.6


Main Stream 241 07/14-241 37.70764 72.34975 3121 7 2014 -16.9 -124.9 10.3


Main Stream 241 08/14-241 37.70764 72.34975 3121 8 2014 -16.9 -125.0 10.0


Main Stream 241 09/14-241 37.70764 72.34975 3121 9 2014 -16.6 -123.7 9.1


Main Stream 270 08/11-270 37.70639 72.35984 3131 8 2011 -17.0 -124.1 12.2


Main Stream 270 10/11-270 37.70639 72.35984 3131 10 2011 -16.9 -125.1 10.2







Main Stream 270 11/11-270 37.70639 72.35984 3131 11 2011 -16.7 -125.5 8.1


Main Stream 270 12/11-270 37.70639 72.35984 3131 12 2011 -16.3 -123.4 6.6


Main Stream 270 04/12-270 37.70639 72.35984 3131 4 2012 -15.8 -123.2 3.3


Main Stream 270 05/12-270 37.70639 72.35984 3131 5 2012 -16.8 -126.3 8.0


Main Stream 270 06/12-270 37.70639 72.35984 3131 6 2012 -17.4 -127.6 11.7


Main Stream 270 07/12-270 37.70639 72.35984 3131 7 2012 -17.0 -124.8 11.4


Main Stream 270 08/12-270 37.70639 72.35984 3131 8 2012 -16.9 -123.1 11.8


Main Stream 270 09/12-270 37.70639 72.35984 3131 9 2012 -16.6 -122.7 9.8


Main Stream 270 10/12-270 37.70639 72.35984 3131 10 2012 -16.5 -122.8 9.4


Main Stream 270 11/12-270 37.70639 72.35984 3131 11 2012 -16.1 -122.5 6.6


Main Stream 270 12/12-270 37.70639 72.35984 3131 12 2012 -15.5 -119.4 12.5


Main Stream 270 04/13-270 37.70639 72.35984 3131 4 2013 -16.5 -121.3 10.8


Main Stream 270 07/13-270 37.70639 72.35984 3131 7 2013 -17.0 -123.4 12.6


Main Stream 270 08/13-270 37.70639 72.35984 3131 8 2013 -17.1 -122.0 15.2


Main Stream 270 09/13-270 37.70639 72.35984 3131 9 2013 -17.3 -129.5 9.3


Main Stream 270 10/13-270 37.70639 72.35984 3131 10 2013 -16.2 -122.1 7.8


Main Stream 270 11/13-270 37.70639 72.35984 3131 11 2013 -15.6 -121.4 3.0


Main Stream 270 12/13-270 37.70639 72.35984 3131 12 2013 -15.8 -119.6 6.5


Main Stream 270 01/14-270 37.70639 72.35984 3131 1 2014 -15.6 -118.1 6.3


Main Stream 270 02/14-270 37.70639 72.35984 3131 2 2014 -16.4 -118.9 12.2


Main Stream 270 03/14-270 37.70639 72.35984 3131 3 2014 -15.5 -118.6 5.1


Main Stream 270 04/14-270 37.70639 72.35984 3131 4 2014 -16.1 -120.0 8.7


Main Stream 270 05/14-270 37.70639 72.35984 3131 5 2014 -16.4 -125.3 6.2


Main Stream 270 06/14-270 37.70639 72.35984 3131 6 2014 -16.8 -124.0 10.7


Main Stream 270 07/14-270 37.70639 72.35984 3131 7 2014 -17.0 -125.9 10.4


Main Stream 270 08/14-270 37.70639 72.35984 3131 8 2014 -17.0 -125.1 10.6


Main Stream 270 09/14-270 37.70639 72.35984 3131 9 2014 -16.4 -122.9 8.4


Northern tributary 025 09/13-FT-025 37.31895 72.22356 3232 9 2013 -15.8 -116.0 10.8


Northern tributary 026 09/13-FT-026 37.35260 72.27914 3256 9 2013 -16.9 -125.1 10.3


Northern tributary 031 03/13-FT-031 37.52499 71.59907 2281 3 2013 -14.2 -100.8 12.8


Northern tributary 031 08/13-FT-031 37.52499 71.59907 2281 8 2013 -14.3 -99.9 14.4


Northern tributary 031 09/14-FT-031 37.52499 71.59907 2282 9 2014 -14.6 -100.8 16.0


Northern tributary 042 04/13-042 37.53190 71.65522 2295 4 2013 -14.8 -103.9 14.9


Northern tributary 042 06/13-042 37.53190 71.65522 2295 6 2013 -14.3 -98.6 15.6


Northern tributary 042 07/13-042 37.53190 71.65522 2295 7 2013 -14.1 -97.7 14.9


Northern tributary 042 11/13-042 37.53190 71.65522 2295 11 2013 -13.6 -94.0 15.1


Northern tributary 042 12/13-042 37.53190 71.65522 2295 12 2013 -13.5 -94.8 13.5


Northern tributary 042 01/14-042 37.53190 71.65522 2295 1 2014 -14.1 -95.0 17.5


Northern tributary 042 02/14-042 37.53190 71.65522 2295 2 2014 -13.6 -95.1 13.8


Northern tributary 042 03/14-042 37.53190 71.65522 2295 3 2014 -13.9 -95.3 16.3


Northern tributary 042 05/14-042 37.53190 71.65522 2295 5 2014 -14.1 -100.0 12.8


Northern tributary 042 06/14-042 37.53190 71.65522 2295 6 2014 -13.6 -92.6 16.2


Northern tributary 042 07/14-042 37.53190 71.65522 2295 7 2014 -13.6 -94.2 14.4


Northern tributary 050 08/11-050 37.56416 71.72075 2368 8 2011 -14.0 -96.5 15.4


Northern tributary 050 10/11-050 37.56416 71.72075 2368 10 2011 -14.1 -97.1 15.6


Northern tributary 050 11/11-050 37.56416 71.72075 2368 11 2011 -14.6 -98.6 17.9


Northern tributary 050 12/11-050 37.56416 71.72075 2368 12 2011 -14.4 -98.5 16.7


Northern tributary 050 01/12-050 37.56416 71.72075 2368 1 2012 -14.4 -99.1 16.4


Northern tributary 050 02/12-050 37.56416 71.72075 2368 2 2012 -14.4 -99.5 15.4


Northern tributary 050 03/12-050 37.56416 71.72075 2368 3 2012 -14.2 -98.1 15.6


Northern tributary 050 04/12-050 37.56416 71.72075 2369 4 2012 -14.3 -99.6 14.7


Northern tributary 050 05/12-050 37.56416 71.72075 2368 5 2012 -14.3 -98.4 16.4


Northern tributary 050 06/12-050 37.56416 71.72075 2368 6 2012 -14.4 -97.9 17.4


Northern tributary 050 07/12-050 37.56416 71.72075 2368 7 2012 -14.2 -94.8 18.5


Northern tributary 050 08/12-050 37.56416 71.72075 2368 8 2012 -13.6 -93.3 15.8


Northern tributary 050 09/12-050 37.56416 71.72075 2368 9 2012 -14.2 -92.8 20.6


Northern tributary 050 10/12-050 37.56416 71.72075 2368 10 2012 -14.1 -96.3 16.8


Northern tributary 050 11/12-050 37.56416 71.72075 2368 11 2012 -14.0 -96.9 15.5


Northern tributary 050 12/12-050 37.56416 71.72075 2368 12 2012 -14.0 -97.7 14.7


Northern tributary 050 02/13-050 37.56416 71.72075 2368 2 2013 -14.2 -98.0 15.6


Northern tributary 050 04/13-050 37.56416 71.72075 2368 4 2013 -14.5 -100.8 15.0


Northern tributary 050 06/13-050 37.56416 71.72075 2368 6 2013 -14.8 -101.7 17.0


Northern tributary 050 07/13-050 37.56416 71.72075 2368 7 2013 -14.3 -97.4 17.2


Northern tributary 050 08/13-050 37.56416 71.72075 2368 8 2013 -13.9 -95.1 15.9


Northern tributary 050 09/13-050 37.56416 71.72075 2368 9 2013 -14.0 -95.6 16.6


Northern tributary 050 10/13-050 37.56416 71.72075 2368 10 2013 -14.0 -95.7 16.5


Northern tributary 050 11/13-050 37.56416 71.72075 2368 11 2013 -14.0 -96.7 15.6


Northern tributary 050 12/13-050 37.56416 71.72075 2368 12 2013 -13.9 -97.0 14.5


Northern tributary 050 01/14-050 37.56416 71.72075 2368 1 2014 -14.2 -96.7 17.1


Northern tributary 050 02/14-050 37.56416 71.72075 2368 2 2014 -14.1 -97.6 15.0


Northern tributary 050 03/14-050 37.56416 71.72075 2368 3 2014 -14.0 -97.8 14.4


Northern tributary 050 04/14-050 37.56416 71.72075 2368 4 2014 -14.4 -97.6 17.5


Northern tributary 050 05/14-050 37.56416 71.72075 2368 5 2014 -14.4 -102.3 12.9


Northern tributary 050 06/14-050 37.56416 71.72075 2368 6 2014 -14.3 -97.1 17.2







Northern tributary 050 07/14-050 37.56416 71.72075 2368 7 2014 -14.0 -96.7 15.0


Northern tributary 050 08/14-050 37.56416 71.72075 2369 8 2014 -14.0 -96.7 15.4


Northern tributary 050 09/14-050 37.56416 71.72075 2370 9 2014 -14.0 -96.2 15.8


Northern tributary 101 06/13-101 37.66378 71.82052 2580 6 2013 -15.2 -104.6 17.4


Northern tributary 101 07/13-101 37.66378 71.82052 2580 7 2013 -14.7 -101.7 16.0


Northern tributary 101 08/13-101 37.66378 71.82052 2580 8 2013 -14.4 -99.6 16.0


Northern tributary 101 09/13-101 37.66378 71.82052 2580 9 2013 -14.5 -98.7 17.0


Northern tributary 101 05/14-101 37.66378 71.82052 2580 5 2014 -14.5 -105.5 10.1


Northern tributary 101 06/14-101 37.66378 71.82052 2580 6 2014 -14.7 -101.5 16.3


Northern tributary 101 07/14-101 37.66378 71.82052 2580 7 2014 -14.3 -100.7 13.9


Northern tributary 101 08/14-101 37.66378 71.82052 2580 8 2014 -14.5 -100.6 15.1


Northern tributary 101 11/14-101 37.66378 71.82052 2580 11 2014 NA


Northern tributary 111 08/11-111 37.68129 71.84613 2601 8 2011 -14.5 -99.4 16.8


Northern tributary 111 04/13-111 37.68129 71.84613 2601 4 2013 -16.4 -115.5 15.9


Northern tributary 111 06/13-111 37.68129 71.84613 2601 6 2013 -14.9 -101.5 17.6


Northern tributary 111 07/13-111 37.68129 71.84613 2601 7 2013 -14.6 -100.3 16.6


Northern tributary 111 08/13-111 37.68129 71.84613 2601 8 2013 -13.2 -95.2 10.3


Northern tributary 111 09/13-111 37.68129 71.84613 2601 9 2013 -14.4 -96.9 17.9


Northern tributary 111 10/13-111 37.68129 71.84613 2601 10 2013 -14.3 -98.7 16.0


Northern tributary 111 11/13-111 37.68129 71.84613 2601 11 2013 -14.6 -101.7 14.9


Northern tributary 111 12/13-111 37.68129 71.84613 2601 12 2013 -14.5 -103.0 13.3


Northern tributary 111 01/14-111 37.68129 71.84613 2601 1 2014 -14.5 -103.0 13.2


Northern tributary 111 02/14-111 37.68129 71.84613 2601 2 2014 -14.6 -104.4 12.4


Northern tributary 111 03/14-111 37.68129 71.84613 2601 3 2014 -15.1 -107.1 13.8


Northern tributary 111 04/14-111 37.68129 71.84613 2601 4 2014 -15.1 -107.1 14.0


Northern tributary 111 05/14-111 37.68129 71.84613 2601 5 2014 -14.3 -104.9 9.2


Northern tributary 111 06/14-111 37.68129 71.84613 2601 6 2014 -14.3 -98.4 16.4


Northern tributary 111 07/14-111 37.68129 71.84613 2601 7 2014 -14.4 -99.7 15.3


Northern tributary 111 08/14-111 37.68129 71.84613 2601 8 2014 -14.5 -100.0 15.9


Northern tributary 111 09/14-111 37.68129 71.84613 2601 9 2014 -14.2 -97.1 16.7


Northern tributary 120 08/11-120 37.69503 71.87072 2632 8 2011 -14.9 -103.6 15.6


Northern tributary 120 10/11-120 37.69503 71.87072 2632 10 2011 -14.7 -101.8 16.1


Northern tributary 120 11/11-120 37.69503 71.87072 2632 11 2011 -14.9 -102.9 16.5


Northern tributary 120 12/11-120 37.69503 71.87072 2632 12 2011 -14.8 -102.5 15.9


Northern tributary 120 01/12-120 37.69503 71.87072 2632 1 2012 -14.9 -103.6 15.8


Northern tributary 120 02/12-120 37.69503 71.87072 2632 2 2012 -14.9 -103.0 15.8


Northern tributary 120 03/12-120 37.69503 71.87072 2632 3 2012 -14.6 -102.3 14.9


Northern tributary 120 04/12-120 37.69503 71.87072 2632 4 2012 -14.8 -103.3 15.5


Northern tributary 120 05/12-120 37.69503 71.87072 2632 5 2012 -14.9 -103.5 15.4


Northern tributary 120 06/12-120 37.69503 71.87072 2632 6 2012 -14.8 -102.5 16.0


Northern tributary 120 07/12-120 37.69503 71.87072 2632 7 2012 -14.8 -99.6 18.6


Northern tributary 120 08/12-120 37.69503 71.87072 2632 8 2012 -14.4 -98.2 17.0


Northern tributary 120 09/12-120 37.69503 71.87072 2632 9 2012 -15.4 -98.0 24.9


Northern tributary 120 10/12-120 37.69503 71.87072 2632 10 2012 -14.9 -99.2 20.3


Northern tributary 120 11/12-120 37.69503 71.87072 2632 11 2012 -14.6 -99.9 16.7


Northern tributary 120 12/12-120 37.69503 71.87072 2632 12 2012 -14.5 -100.3 11.1


Northern tributary 120 02/13-120 37.69503 71.87072 2632 2 2013 -14.6 -101.5 15.4


Northern tributary 120 04/13-120 37.69503 71.87072 2632 4 2013 -15.6 -108.3 16.3


Northern tributary 120 06/13-120 37.69503 71.87072 2632 6 2013 -14.9 -104.4 14.7


Northern tributary 120 07/13-120 37.69503 71.87072 2632 7 2013 -14.9 -102.1 17.1


Northern tributary 120 08/13-120 37.69503 71.87072 2632 8 2013 -14.7 -100.9 16.5


Northern tributary 120 09/13-120 37.69503 71.87072 2632 9 2013 -14.8 -101.0 17.3


Northern tributary 120 10/13-120 37.69503 71.87072 2632 10 2013 -14.7 -100.5 17.2


Northern tributary 120 11/13-120 37.69503 71.87072 2632 11 2013 -14.6 -100.9 16.0


Northern tributary 120 12/13-120 37.69503 71.87072 2632 12 2013 -14.7 -102.3 15.4


Northern tributary 120 01/14-120 37.69503 71.87072 2632 1 2014 -14.4 -101.3 14.1


Northern tributary 120 02/14-120 37.69503 71.87072 2632 2 2014 -14.6 -102.7 14.0


Northern tributary 120 03/14-120 37.69503 71.87072 2632 3 2014 -14.6 -103.3 13.3


Northern tributary 120 04/14-120 37.69503 71.87072 2632 4 2014 -15.4 -103.4 19.5


Northern tributary 120 05/14-120 37.69503 71.87072 2632 5 2014 -14.7 -107.6 10.1


Northern tributary 120 06/14-120 37.69503 71.87072 2632 6 2014 -14.9 -103.1 16.3


Northern tributary 120 07/14-120 37.69503 71.87072 2632 7 2014 -14.8 -102.6 15.9


Northern tributary 120 08/14-120 37.69503 71.87072 2632 8 2014 -14.8 -102.7 15.6


Northern tributary 120 09/14-120 37.69503 71.87072 2632 9 2014 -14.5 -100.5 15.3


Northern tributary 130 08/11-130 37.71169 71.89626 2654 8 2011 -14.7 -101.7 15.6


Northern tributary 130 10/11-130 37.71169 71.89626 2654 10 2011 -14.6 -100.4 16.2


Northern tributary 130 11/11-130 37.71169 71.89626 2654 11 2011 -14.7 -101.5 16.5


Northern tributary 130 12/11-130 37.71169 71.89626 2654 12 2011 -14.6 -101.0 16.0


Northern tributary 130 04/12-130 37.71169 71.89626 2654 4 2012 -15.0 -104.4 15.4


Northern tributary 130 05/12-130 37.71169 71.89626 2654 5 2012 -15.3 -107.8 15.0


Northern tributary 130 06/12-130 37.71169 71.89626 2654 6 2012 -14.9 -103.2 15.8


Northern tributary 130 07/12-130 37.71169 71.89626 2654 7 2012 -14.8 -99.4 18.9


Northern tributary 130 08/12-130 37.71169 71.89626 2654 8 2012 -14.3 -97.8 17.0


Northern tributary 130 09/12-130 37.71169 71.89626 2654 9 2012 -15.4 -97.6 26.0







Northern tributary 130 10/12-130 37.71169 71.89626 2654 10 2012 -14.9 -99.0 20.2


Northern tributary 130 11/12-130 37.71169 71.89626 2654 11 2012 -14.5 -99.2 16.7


Northern tributary 130 12/12-130 37.71169 71.89626 2654 12 2012 -14.5 -100.5 15.5


Northern tributary 130 02/13-130 37.71169 71.89626 2654 2 2013 -14.6 -101.6 15.2


Northern tributary 130 04/13-130 37.71169 71.89626 2654 4 2013 -15.7 -111.2 14.4


Northern tributary 130 06/13-130 37.71169 71.89626 2654 6 2013 -15.2 -104.2 17.3


Northern tributary 130 07/13-130 37.71169 71.89626 2654 7 2013 -14.9 -102.9 16.3


Northern tributary 130 08/13-130 37.71169 71.89626 2654 8 2013 -14.6 -100.3 16.6


Northern tributary 130 09/13-130 37.71169 71.89626 2654 9 2013 -14.3 -98.8 15.8


Northern tributary 130 10/13-130 37.71169 71.89626 2654 10 2013 -14.6 -100.2 16.7


Northern tributary 130 11/13-130 37.71169 71.89626 2654 11 2013 -14.5 -100.1 15.6


Northern tributary 130 12/13-130 37.71169 71.89626 2654 12 2013 -14.9 -100.9 18.0


Northern tributary 130 05/14-130 37.71169 71.89626 2654 5 2014 -14.7 -109.5 8.1


Northern tributary 130 06/14-130 37.71169 71.89626 2654 6 2014 -14.8 -102.4 15.9


Northern tributary 130 07/14-130 37.71169 71.89626 2654 7 2014 -14.7 -101.8 15.5


Northern tributary 130 08/14-130 37.71169 71.89626 2654 8 2014 -14.7 -101.8 16.0


Northern tributary 130 09/14-130 37.71169 71.89626 2654 9 2014 -14.4 -99.8 15.7


Northern tributary 180 08/11-180 37.72443 71.97808 2734 8 2011 -15.0 -104.2 16.0


Northern tributary 180 10/11-180 37.72443 71.97808 2734 10 2011 -15.0 -103.6 16.2


Northern tributary 180 11/11-180 37.72443 71.97808 2734 11 2011 -15.1 -104.9 15.8


Northern tributary 180 12/11-180 37.72443 71.97808 2734 12 2011 -15.1 -104.7 15.8


Northern tributary 180 01/12-180 37.72443 71.97808 2734 1 2012 -15.2 -104.7 16.7


Northern tributary 180 04/12-180 37.72443 71.97808 2734 4 2012 -15.2 -106.3 15.3


Northern tributary 180 05/12-180 37.72443 71.97808 2734 5 2012 -15.3 -107.3 15.3


Northern tributary 180 06/12-180 37.72443 71.97808 2734 6 2012 -15.3 -106.3 16.3


Northern tributary 180 07/12-180 37.72443 71.97808 2734 7 2012 -15.2 -102.7 18.5


Northern tributary 180 08/12-180 37.72443 71.97808 2734 8 2012 -14.8 -100.8 17.3


Northern tributary 180 09/12-180 37.72443 71.97808 2734 9 2012 -15.9 -100.5 26.8


Northern tributary 180 10/12-180 37.72443 71.97808 2734 10 2012 -15.4 -102.0 21.6


Northern tributary 180 11/12-180 37.72443 71.97808 2734 11 2012 -14.7 -102.6 14.8


Northern tributary 180 04/13-180 37.72443 71.97808 2734 4 2013 -16.6 -121.7 10.9


Northern tributary 180 06/13-180 37.72443 71.97808 2734 6 2013 -16.0 -108.6 19.3


Northern tributary 180 07/13-180 37.72443 71.97808 2734 7 2013 -15.2 -105.9 15.6


Northern tributary 180 08/13-180 37.72443 71.97808 2734 8 2013 -15.0 -102.9 16.8


Northern tributary 180 09/13-180 37.72443 71.97808 2734 9 2013 -14.8 -102.7 15.6


Northern tributary 180 10/13-180 37.72443 71.97808 2734 10 2013 -14.9 -102.0 17.4


Northern tributary 180 11/13-180 37.72443 71.97808 2734 11 2013 -15.0 -103.1 16.7


Northern tributary 180 12/13-180 37.72443 71.97808 2734 12 2013 -14.9 -102.9 16.4


Northern tributary 180 01/14-180 37.72443 71.97808 2734 1 2014 -15.0 -103.3 16.3


Northern tributary 180 02/14-180 37.72443 71.97808 2734 2 2014 -15.4 -104.2 18.7


Northern tributary 180 03/14-180 37.72443 71.97808 2734 3 2014 -15.0 -105.2 14.8


Northern tributary 180 04/14-180 37.72443 71.97808 2734 4 2014 -15.1 -105.1 16.0


Northern tributary 180 05/14-180 37.72443 71.97808 2734 5 2014 -15.1 -109.0 11.8


Northern tributary 180 06/14-180 37.72443 71.97808 2734 6 2014 -15.4 -106.5 16.7


Northern tributary 180 07/14-180 37.72443 71.97808 2734 7 2014 -15.1 -104.7 15.9


Northern tributary 180 08/14-180 37.72443 71.97808 2734 8 2014 -15.1 -104.9 16.1


Northern tributary 180 09/14-180 37.72443 71.97808 2734 9 2014 -14.8 -102.8 15.5


Northern tributary 190 08/11-190 37.74238 72.02067 2787 8 2011 -15.4 -106.6 16.2


Northern tributary 190 10/11-190 37.74238 72.02067 2787 10 2011 -15.3 -106.9 15.5


Northern tributary 190 11/11-190 37.74238 72.02067 2787 11 2011 -15.6 -107.7 17.0


Northern tributary 190 12/11-190 37.74238 72.02067 2787 12 2011 -15.3 -107.4 15.0


Northern tributary 190 01/12-190 37.74238 72.02067 2787 1 2012 -15.6 -108.0 17.1


Northern tributary 190 04/12-190 37.74238 72.02067 2787 4 2012 -15.5 -110.1 14.2


Northern tributary 190 05/12-190 37.74238 72.02067 2787 5 2012 -15.9 -111.2 15.6


Northern tributary 190 06/12-190 37.74238 72.02067 2787 6 2012 -15.8 -108.6 17.7


Northern tributary 190 07/12-190 37.74238 72.02067 2787 7 2012 -15.3 -104.4 18.4


Northern tributary 190 08/12-190 37.74238 72.02067 2787 8 2012 -15.1 -103.8 16.8


Northern tributary 190 09/12-190 37.74238 72.02067 2787 9 2012 -14.9 -103.3 16.1


Northern tributary 190 10/12-190 37.74238 72.02067 2787 10 2012 -15.6 -104.8 20.1


Northern tributary 190 11/12-190 37.74238 72.02067 2787 11 2012 -15.1 -105.7 15.5


Northern tributary 190 12/12-190 37.74238 72.02067 2787 12 2012 -15.2 -106.8 14.2


Northern tributary 190 04/13-190 37.74238 72.02067 2787 4 2013 -17.2 -118.3 19.1


Northern tributary 190 06/13-190 37.74238 72.02067 2787 6 2013 -16.6 -113.5 19.2


Northern tributary 190 07/13-190 37.74238 72.02067 2787 7 2013 -15.6 -109.8 15.2


Northern tributary 190 08/13-190 37.74238 72.02067 2787 8 2013 -15.7 -106.5 19.2


Northern tributary 190 09/13-190 37.74238 72.02067 2787 9 2013 -15.1 -106.0 15.1


Northern tributary 190 10/13-190 37.74238 72.02067 2787 10 2013 -15.2 -105.3 16.7


Northern tributary 190 11/13-190 37.74238 72.02067 2787 11 2013 -15.5 -106.4 17.6


Northern tributary 190 12/13-190 37.74238 72.02067 2787 12 2013 -15.2 -105.8 16.0


Northern tributary 190 01/14-190 37.74238 72.02067 2787 1 2014 -15.5 -106.8 17.1


Northern tributary 190 02/14-190 37.74238 72.02067 2787 2 2014 -15.9 -108.0 19.1


Northern tributary 190 03/14-190 37.74238 72.02067 2787 3 2014 -15.5 -107.6 16.6


Northern tributary 190 04/14-190 37.74238 72.02067 2787 4 2014 -15.8 -108.2 18.5


Northern tributary 190 05/14-190 37.74238 72.02067 2787 5 2014 -16.1 -114.9 13.8







Northern tributary 190 06/14-190 37.74238 72.02067 2787 6 2014 -15.8 -110.4 15.9


Northern tributary 190 07/14-190 37.74238 72.02067 2787 7 2014 -15.4 -107.0 16.4


Northern tributary 190 08/14-190 37.74238 72.02067 2787 8 2014 -15.5 -108.3 15.9


Northern tributary 190 09/14-190 37.74238 72.02067 2787 9 2014 -15.2 -105.8 15.5


Northern tributary 200 08/11-200 37.73610 72.02978 2793 8 2011 -15.1 -104.1 16.4


Northern tributary 200 10/11-200 37.73610 72.02978 2793 10 2011 -15.0 -104.0 15.7


Northern tributary 200 11/11-200 37.73610 72.02978 2793 11 2011 -15.4 -106.6 16.4


Northern tributary 200 12/11-200 37.73610 72.02978 2793 12 2011 -15.3 -106.6 15.4


Northern tributary 200 01/12-200 37.73610 72.02978 2793 1 2012 -15.5 -107.6 16.4


Northern tributary 200 02/12-200 37.73610 72.02978 2793 2 2012 -15.5 -108.4 15.9


Northern tributary 200 03/12-200 37.73610 72.02978 2793 3 2012 -15.4 -107.4 15.4


Northern tributary 200 04/12-200 37.73610 72.02978 2793 4 2012 -15.5 -108.8 15.0


Northern tributary 200 05/12-200 37.73610 72.02978 2793 5 2012 -15.6 -110.5 14.2


Northern tributary 200 06/12-200 37.73610 72.02978 2793 6 2012 -15.4 -108.2 15.2


Northern tributary 200 07/12-200 37.73610 72.02978 2793 7 2012 -15.5 -105.4 18.6


Northern tributary 200 08/12-200 37.73610 72.02978 2793 8 2012 -14.9 -102.2 17.3


Northern tributary 200 09/12-200 37.73610 72.02978 2793 9 2012 -14.7 -102.1 15.7


Northern tributary 200 10/12-200 37.73610 72.02978 2793 10 2012 -15.7 -104.9 20.9


Northern tributary 200 11/12-200 37.73610 72.02978 2793 11 2012 -15.2 -105.8 15.9


Northern tributary 200 12/12-200 37.73610 72.02978 2793 12 2012 -15.1 -107.0 15.3


Northern tributary 200 02/13-200 37.73610 72.02978 2793 2 2013 -17.3 -126.1 12.6


Northern tributary 200 04/13-200 37.73610 72.02978 2793 4 2013 -16.9 -116.6 18.3


Northern tributary 200 06/13-200 37.73610 72.02978 2793 6 2013 -16.2 -108.8 20.6


Northern tributary 200 07/13-200 37.73610 72.02978 2793 7 2013 -15.3 -105.8 16.6


Northern tributary 200 08/13-200 37.73610 72.02978 2793 8 2013 -15.2 -104.7 17.3


Northern tributary 200 10/13-200 37.73610 72.02978 2793 10 2013 -15.1 -103.6 17.4


Northern tributary 200 11/13-200 37.73610 72.02978 2793 11 2013 -15.3 -105.8 16.6


Northern tributary 200 12/13-200 37.73610 72.02978 2793 12 2013 -15.0 -105.4 14.2


Northern tributary 200 01/14-200 37.73610 72.02978 2793 1 2014 -15.5 -106.3 17.3


Northern tributary 200 02/14-200 37.73610 72.02978 2793 2 2014 -15.8 -107.8 18.9


Northern tributary 200 03/14-200 37.73610 72.02978 2793 3 2014 -15.4 -107.3 15.5


Northern tributary 200 04/14-200 37.73610 72.02978 2793 4 2014 -15.9 -108.6 18.4


Northern tributary 200 05/14-200 37.73610 72.02978 2793 5 2014 -15.4 -109.8 13.2


Northern tributary 200 06/14-200 37.73610 72.02978 2793 6 2014 -15.1 -104.6 16.5


Northern tributary 200 07/14-200 37.73610 72.02978 2793 7 2014 -15.0 -103.5 16.2


Northern tributary 200 08/14-200 37.73610 72.02978 2793 8 2014 -15.1 -105.2 16.0


Northern tributary 200 09/14-200 37.73610 72.02978 2793 9 2014 -14.8 -102.9 15.6


Northern tributary 230 08/11-230 37.70762 72.20615 3020 8 2011 -16.1 -114.0 14.7


Northern tributary 230 10/11-230 37.70762 72.20615 3020 10 2011 -16.2 -113.6 15.8


Northern tributary 230 11/11-230 37.70762 72.20615 3020 11 2011 -16.4 -115.2 15.9


Northern tributary 230 12/11-230 37.70762 72.20615 3020 12 2011 -16.2 -115.0 15.0


Northern tributary 230 01/12-230 37.70762 72.20615 3020 1 2012 -16.4 -115.8 15.4


Northern tributary 230 04/12-230 37.70762 72.20615 3020 4 2012 -16.3 -115.8 14.8


Northern tributary 230 05/12-230 37.70762 72.20615 3020 5 2012 -16.4 -117.7 13.8


Northern tributary 230 06/12-230 37.70762 72.20615 3020 6 2012 -16.7 -118.1 15.8


Northern tributary 230 07/12-230 37.70762 72.20615 3020 7 2012 -16.4 -113.9 17.5


Northern tributary 230 08/12-230 37.70762 72.20615 3020 8 2012 -16.3 -112.7 17.8


Northern tributary 230 09/12-230 37.70762 72.20615 3020 9 2012 -16.0 -111.7 16.5


Northern tributary 230 10/12-230 37.70762 72.20615 3020 10 2012 -16.3 -113.5 16.5


Northern tributary 230 11/12-230 37.70762 72.20615 3020 11 2012 -16.2 -114.4 15.1


Northern tributary 230 02/13-230 37.70762 72.20615 3020 2 2013 -16.3 -114.5 15.7


Northern tributary 230 04/13-230 37.70762 72.20615 3020 4 2013 -17.3 -120.3 17.8


Northern tributary 230 06/13-230 37.70762 72.20615 3020 6 2013 -17.0 -116.4 19.3


Northern tributary 230 07/13-230 37.70762 72.20615 3020 7 2013 -16.4 -114.7 16.3


Northern tributary 230 08/13-230 37.70762 72.20615 3020 8 2013 -15.6 -112.0 12.7


Northern tributary 230 09/13-230 37.70762 72.20615 3020 9 2013 -15.9 -112.4 15.1


Northern tributary 230 10/13-230 37.70762 72.20615 3020 10 2013 -16.1 -113.4 15.4


Northern tributary 230 11/13-230 37.70762 72.20615 3020 11 2013 -15.9 -114.2 13.2


Northern tributary 230 12/13-230 37.70762 72.20615 3020 12 2013 -16.1 -114.4 14.7


Northern tributary 230 01/14-230 37.70762 72.20615 3020 1 2014 -16.3 -114.5 16.0


Northern tributary 230 02/14-230 37.70762 72.20615 3020 2 2014 -16.9 -115.4 19.7


Northern tributary 230 03/14-230 37.70762 72.20615 3020 3 2014 -16.1 -114.4 14.7


Northern tributary 230 04/14-230 37.70762 72.20615 3020 4 2014 -16.7 -116.0 17.8


Northern tributary 230 05/14-230 37.70762 72.20615 3020 5 2014 -16.5 -117.2 14.7


Northern tributary 230 06/14-230 37.70762 72.20615 3020 6 2014 -16.2 -114.0 15.7


Northern tributary 230 07/14-230 37.70762 72.20615 3020 7 2014 -17.2 -126.9 10.8


Northern tributary 230 08/14-230 37.70762 72.20615 3020 8 2014 -16.2 -114.7 15.1


Northern tributary 230 09/14-230 37.70762 72.20615 3020 9 2014 -16.2 -114.1 15.2


Northern tributary 260 08/11-260 37.70803 72.35799 3169 8 2011 -16.6 -117.8 14.9


Northern tributary 260 10/11-260 37.70803 72.35799 3169 10 2011 -16.8 -119.4 14.7


Northern tributary 260 11/11-260 37.70803 72.35799 3169 11 2011 -16.8 -121.3 13.3


Northern tributary 260 12/11-260 37.70803 72.35799 3169 12 2011 -14.9 -105.9 13.2


Northern tributary 260 01/12-260 37.70803 72.35799 3169 1 2012 -16.9 -120.8 14.3


Northern tributary 260 04/12-260 37.70803 72.35799 3169 4 2012 -16.6 -120.0 12.5







Northern tributary 260 05/12-260 37.70803 72.35799 3169 5 2012 -16.7 -120.3 13.1


Northern tributary 260 06/12-260 37.70803 72.35799 3169 6 2012 -17.1 -122.3 14.3


Northern tributary 260 07/12-260 37.70803 72.35799 3169 7 2012 -16.7 -119.8 14.1


Northern tributary 260 08/12-260 37.70803 72.35799 3169 8 2012 -16.8 -118.6 15.6


Northern tributary 260 09/12-260 37.70803 72.35799 3169 9 2012 -16.5 -118.2 14.1


Northern tributary 260 10/12-260 37.70803 72.35799 3169 10 2012 -16.8 -118.9 15.8


Northern tributary 260 11/12-260 37.70803 72.35799 3169 11 2012 -16.7 -119.3 14.3


Northern tributary 260 04/13-260 37.70803 72.35799 3169 4 2013 -16.7 -119.8 14.0


Northern tributary 260 06/13-260 37.70803 72.35799 3169 6 2013 -16.8 -120.8 13.6


Northern tributary 260 07/13-260 37.70803 72.35799 3169 7 2013 -16.8 -120.5 13.6


Northern tributary 260 08/13-260 37.70803 72.35799 3169 8 2013 -16.6 -119.8 13.1


Northern tributary 260 09/13-260 37.70803 72.35799 3169 9 2013 -17.1 -122.0 15.2


Northern tributary 260 10/13-260 37.70803 72.35799 3169 10 2013 -16.7 -118.5 15.3


Northern tributary 260 11/13-260 37.70803 72.35799 3169 11 2013 -16.3 -119.4 11.2


Northern tributary 260 12/13-260 37.70803 72.35799 3169 12 2013 -16.6 -117.9 14.6


Northern tributary 260 01/14-260 37.70803 72.35799 3169 1 2014 -16.7 -119.3 14.5


Northern tributary 260 02/14-260 37.70803 72.35799 3169 2 2014 -17.4 -119.7 19.9


Northern tributary 260 03/14-260 37.70803 72.35799 3169 3 2014 -16.7 -119.8 14.0


Northern tributary 260 04/14-260 37.70803 72.35799 3169 4 2014 -17.1 -120.1 16.5


Northern tributary 260 05/14-260 37.70803 72.35799 3169 5 2014 -16.8 -120.6 13.8


Northern tributary 260 06/14-260 37.70803 72.35799 3169 6 2014 -16.7 -119.4 14.3


Northern tributary 260 07/14-260 37.70803 72.35799 3169 7 2014 -16.8 -121.2 13.0


Northern tributary 260 08/14-260 37.70803 72.35799 3169 8 2014 -16.8 -120.3 13.9


Northern tributary 260 09/14-260 37.70803 72.35799 3169 9 2014 -16.7 -120.4 13.4


Northern tributary 281 09/14-FT-281 37.64049 72.53398 3465 9 2014 -17.4 -127.9 11.2


Northern tributary 029 09/14-FT-029 37.21367 72.06962 2972 9 2014 -15.6 -114.7 10.4


Southern tributary 020 08/11-020 37.47910 71.59096 2119 8 2011 -15.6 -112.2 13.0


Southern tributary 020 10/11-020 37.47910 71.59096 2119 10 2011 -15.5 -111.4 12.3


Southern tributary 020 11/11-020 37.47910 71.59096 2119 11 2011 -15.8 -112.5 13.6


Southern tributary 020 12/11-020 37.47910 71.59096 2119 12 2011 -15.7 -113.3 12.4


Southern tributary 020 01/12-020 37.47910 71.59096 2119 1 2012 -15.9 -114.7 12.2


Southern tributary 020 02/12-020 37.47910 71.59096 2119 2 2012 -15.7 -114.4 11.3


Southern tributary 020 03/12-020 37.47910 71.59096 2119 3 2012 -15.7 -113.4 12.1


Southern tributary 020 04/12-020 37.47910 71.59096 2119 4 2012 -15.4 -112.4 11.1


Southern tributary 020 05/12-020 37.47910 71.59096 2119 5 2012 -15.5 -112.2 12.2


Southern tributary 020 06/12-020 37.47910 71.59096 2119 6 2012 -15.7 -112.7 12.9


Southern tributary 020 07/12-020 37.47910 71.59096 2119 7 2012 -15.4 -108.0 15.5


Southern tributary 020 08/12-020 37.47910 71.59096 2119 8 2012 -15.1 -107.5 13.0


Southern tributary 020 09/12-020 37.47910 71.59096 2119 9 2012 -15.6 -107.5 17.6


Southern tributary 020 10/12-020 37.47910 71.59096 2119 10 2012 -15.4 -110.1 13.1


Southern tributary 020 11/12-020 37.47910 71.59096 2119 11 2012 -15.6 -110.3 14.8


Southern tributary 020 12/12-020 37.47910 71.59096 2119 12 2012 -15.5 -111.8 11.1


Southern tributary 020 01/13-020 37.47910 71.59096 2119 1 2013 -15.6 -112.5 11.1


Southern tributary 020 02/13-020 37.47910 71.59096 2119 2 2013 -15.6 -112.4 12.5


Southern tributary 020 03/13-020 37.47910 71.59096 2119 3 2013 -15.5 -112.3 11.8


Southern tributary 020 04/13-020 37.47910 71.59096 2119 4 2013 -15.7 -113.0 12.3


Southern tributary 020 05/13-020 37.47910 71.59096 2120 5 2013 -15.4 -109.8 13.5


Southern tributary 020 06/13-020 37.47910 71.59096 2119 6 2013 -15.6 -111.9 12.7


Southern tributary 020 07/13-020 37.47910 71.59096 2119 7 2013 -15.6 -110.6 13.8


Southern tributary 020 08/13-020 37.47910 71.59096 2119 8 2013 -15.3 -108.7 14.0


Southern tributary 020 09/13-020 37.47910 71.59096 2119 9 2013 -15.3 -108.8 13.3


Southern tributary 020 10/13-020 37.47910 71.59096 2119 10 2013 -15.4 -109.8 13.3


Southern tributary 020 11/13-020 37.47910 71.59096 2119 11 2013 -15.5 -110.8 13.2


Southern tributary 020 12/13-020 37.47910 71.59096 2119 12 2013 -15.2 -110.8 10.7


Southern tributary 020 01/14-020 37.47910 71.59096 2119 1 2014 -15.6 -111.8 12.8


Southern tributary 020 02/14-020 37.47910 71.59096 2119 2 2014 -15.4 -112.5 10.8


Southern tributary 020 03/14-020 37.47910 71.59096 2119 3 2014 -15.7 -112.2 13.2


Southern tributary 020 04/14-020 37.47910 71.59096 2119 4 2014 -15.6 -111.6 12.9


Southern tributary 020 05/14-020 37.47910 71.59096 2119 5 2014 -15.4 -113.8 9.8


Southern tributary 020 06/14-020 37.47910 71.59096 2119 6 2014 -15.0 -107.5 12.3


Southern tributary 020 07/14-020 37.47910 71.59096 2119 7 2014 -15.2 -109.1 12.8


Southern tributary 020 08/14-020 37.47910 71.59096 2119 8 2014 -15.4 -110.1 12.8


Southern tributary 020 09/14-020 37.47910 71.59096 2119 9 2014 -15.3 -110.0 12.2


Southern tributary 024 09/14-FT-024 37.30929 72.22173 3197 9 2014 -16.1 -117.1 11.3


Southern tributary 028 09/13-FT-028 37.35390 72.42151 3418 9 2013 -15.4 -110.6 12.2


Southern tributary 040 08/11-040 37.52754 71.65921 2291 8 2011 -14.5 -102.1 14.3


Southern tributary 040 10/11-040 37.52754 71.65921 2291 10 2011 -15.1 -107.6 13.5


Southern tributary 040 04/13-040 37.52754 71.65921 2291 4 2013 -15.8 -112.1 14.0


Southern tributary 040 06/13-040 37.52754 71.65921 2291 6 2013 -16.2 -117.7 11.9


Southern tributary 040 07/13-040 37.52754 71.65921 2291 7 2013 -16.2 -116.4 13.1


Southern tributary 040 08/13-040 37.52754 71.65921 2291 8 2013 -14.9 -106.4 13.1


Southern tributary 040 09/13-040 37.52754 71.65921 2291 9 2013 -15.0 -107.5 12.6


Southern tributary 040 10/13-040 37.52754 71.65921 2291 10 2013 -15.2 -108.1 13.5


Southern tributary 040 11/13-040 37.52754 71.65921 2291 11 2013 -15.2 -108.4 13.2







Southern tributary 040 12/13-040 37.52754 71.65921 2291 12 2013 -15.2 -109.6 11.7


Southern tributary 040 01/14-040 37.52754 71.65921 2291 1 2014 -15.6 -109.9 14.9


Southern tributary 040 02/14-040 37.52754 71.65921 2291 2 2014 -15.5 -110.7 13.4


Southern tributary 040 03/14-040 37.52754 71.65921 2291 3 2014 -15.4 -110.4 13.1


Southern tributary 040 04/14-040 37.52754 71.65921 2291 4 2014 -15.6 -110.4 14.7


Southern tributary 040 05/14-040 37.52754 71.65921 2291 5 2014 -15.5 -113.2 11.1


Southern tributary 040 06/14-040 37.52754 71.65921 2291 6 2014 -14.9 -103.8 15.6


Southern tributary 040 07/14-040 37.52754 71.65921 2291 7 2014 -14.9 -105.8 13.0


Southern tributary 040 08/14-040 37.52754 71.65921 2291 8 2014 -15.1 -107.5 13.6


Southern tributary 040 09/14-040 37.52754 71.65921 2291 9 2014 -15.1 -107.6 13.2


Southern tributary 070 08/11-070 37.56765 71.72877 2359 8 2011 -14.8 -103.6 14.5


Southern tributary 070 10/11-070 37.56765 71.72877 2359 10 2011 -15.2 -107.9 13.6


Southern tributary 070 11/11-070 37.56765 71.72877 2359 11 2011 -15.6 -109.9 14.8


Southern tributary 070 12/11-070 37.56765 71.72877 2359 12 2011 -15.5 -110.2 14.2


Southern tributary 070 01/12-070 37.56765 71.72877 2359 1 2012 -15.7 -111.0 14.6


Southern tributary 070 02/12-070 37.56765 71.72877 2359 2 2012 -15.6 -111.5 13.7


Southern tributary 070 03/12-070 37.56765 71.72877 2359 3 2012 -15.5 -110.9 13.2


Southern tributary 070 04/12-070 37.56765 71.72877 2359 4 2012 -15.6 -111.0 13.6


Southern tributary 070 05/12-070 37.56765 71.72877 2359 5 2012 -15.7 -110.9 15.1


Southern tributary 070 06/12-070 37.56765 71.72877 2359 6 2012 -15.6 -107.5 17.3


Southern tributary 070 07/12-070 37.56765 71.72877 2359 7 2012 -15.1 -103.1 17.3


Southern tributary 070 08/12-070 37.56765 71.72877 2359 8 2012 -14.7 -103.3 14.1


Southern tributary 070 09/12-070 37.56765 71.72877 2359 9 2012 -15.5 -104.0 20.0


Southern tributary 070 10/12-070 37.56765 71.72877 2359 10 2012 -15.4 -107.4 15.5


Southern tributary 070 11/12-070 37.56765 71.72877 2359 11 2012 -15.1 -108.4 12.6


Southern tributary 070 12/12-070 37.56765 71.72877 2359 12 2012 -15.3 -109.5 13.6


Southern tributary 070 02/13-070 37.56765 71.72877 2359 2 2013 -15.4 -110.0 13.3


Southern tributary 070 04/13-070 37.56765 71.72877 2359 4 2013 -15.8 -112.5 13.8


Southern tributary 070 06/13-070 37.56765 71.72877 2359 6 2013 -15.4 -109.7 13.3


Southern tributary 070 07/13-070 37.56765 71.72877 2359 7 2013 -15.4 -107.7 15.3


Southern tributary 070 08/13-070 37.56765 71.72877 2359 8 2013 -15.0 -107.7 12.6


Southern tributary 070 09/13-070 37.56765 71.72877 2359 9 2013 -15.3 -106.9 15.7


Southern tributary 070 10/13-070 37.56765 71.72877 2359 10 2013 -15.5 -108.3 15.7


Southern tributary 070 11/13-070 37.56765 71.72877 2359 11 2013 -15.4 -109.4 13.6


Southern tributary 070 12/13-070 37.56765 71.72877 2359 12 2013 -15.0 -109.1 10.9


Southern tributary 070 01/14-070 37.56765 71.72877 2359 1 2014 -15.5 -109.6 14.4


Southern tributary 070 02/14-070 37.56765 71.72877 2359 2 2014 -15.6 -110.1 14.9


Southern tributary 070 03/14-070 37.56765 71.72877 2359 3 2014 -15.3 -111.7 10.8


Southern tributary 070 04/14-070 37.56765 71.72877 2359 4 2014 -15.7 -110.1 15.4


Southern tributary 070 05/14-070 37.56765 71.72877 2359 5 2014 -15.4 -112.8 10.0


Southern tributary 070 06/14-070 37.56765 71.72877 2359 6 2014 -15.2 -105.5 16.0


Southern tributary 070 07/14-070 37.56765 71.72877 2359 7 2014 -15.1 -106.8 13.6


Southern tributary 070 08/14-070 37.56765 71.72877 2359 8 2014 -15.2 -107.6 14.3


Southern tributary 070 09/14-070 37.56765 71.72877 2359 9 2014 -14.7 -105.5 12.3


Southern tributary 100 08/11-100 37.63468 71.79994 2570 8 2011 -15.6 -110.9 13.5


Southern tributary 100 10/11-100 37.63468 71.79994 2570 10 2011 -15.7 -113.5 12.5


Southern tributary 100 11/11-100 37.63468 71.79994 2570 11 2011 -16.0 -114.6 13.4


Southern tributary 100 04/12-100 37.63468 71.79994 2570 4 2012 -16.0 -115.6 12.6


Southern tributary 100 05/12-100 37.63468 71.79994 2570 5 2012 -16.3 -117.2 13.4


Southern tributary 100 06/12-100 37.63468 71.79994 2570 6 2012 -16.1 -114.6 13.8


Southern tributary 100 07/12-100 37.63468 71.79994 2570 7 2012 -15.7 -109.4 16.3


Southern tributary 100 08/12-100 37.63468 71.79994 2570 8 2012 -15.3 -109.7 12.8


Southern tributary 100 09/12-100 37.63468 71.79994 2570 9 2012 -16.3 -110.1 20.6


Southern tributary 100 10/12-100 37.63468 71.79994 2570 10 2012 -15.8 -112.6 14.2


Southern tributary 100 11/12-100 37.63468 71.79994 2570 11 2012 -15.7 -111.8 13.9


Southern tributary 100 04/13-100 37.63468 71.79994 2570 4 2013 -16.4 -117.2 13.9


Southern tributary 100 06/13-100 37.63468 71.79994 2570 6 2013 -16.3 -114.2 15.9


Southern tributary 100 07/13-100 37.63468 71.79994 2570 7 2013 -15.8 -112.0 14.5


Southern tributary 100 08/13-100 37.63468 71.79994 2570 8 2013 -15.8 -112.8 13.6


Southern tributary 100 09/13-100 37.63468 71.79994 2570 9 2013 -15.6 -111.8 12.7


Southern tributary 100 10/13-100 37.63468 71.79994 2570 10 2013 -15.8 -112.9 13.8


Southern tributary 100 11/13-100 37.63468 71.79994 2570 11 2013 -15.8 -113.7 12.5


Southern tributary 100 12/13-100 37.63468 71.79994 2570 12 2013 -15.8 -112.7 13.4


Southern tributary 100 01/14-100 37.63468 71.79994 2570 1 2014 -16.1 -113.8 14.9


Southern tributary 100 02/14-100 37.63468 71.79994 2570 2 2014 -15.7 -114.3 11.0


Southern tributary 100 03/14-100 37.63468 71.79994 2570 3 2014 -15.5 -114.3 9.7


Southern tributary 100 04/14-100 37.63468 71.79994 2570 4 2014 -16.0 -113.7 14.3


Southern tributary 100 05/14-100 37.63468 71.79994 2570 5 2014 -15.9 -118.9 8.0


Southern tributary 100 06/14-100 37.63468 71.79994 2570 6 2014 -15.8 -111.3 14.7


Southern tributary 100 07/14-100 37.63468 71.79994 2570 7 2014 -15.5 -112.0 11.7


Southern tributary 100 08/14-100 37.63468 71.79994 2570 8 2014 -15.9 -114.4 12.8


Southern tributary 100 09/14-100 37.63468 71.79994 2570 9 2014 -15.8 -113.5 13.3


Southern tributary 150 08/11-150 37.69782 71.92608 2680 8 2011 -15.3 -107.7 15.0


Southern tributary 150 07/12-150 37.69782 71.92608 2680 7 2012 -15.5 -106.1 18.0







Southern tributary 150 08/12-150 37.69782 71.92608 2680 8 2012 -15.2 -103.9 17.5


Southern tributary 150 09/12-150 37.69782 71.92608 2680 9 2012 -16.1 -102.9 25.9


Southern tributary 150 04/13-150 37.69782 71.92608 2680 4 2013 -17.8 -130.1 12.4


Southern tributary 150 06/13-150 37.69782 71.92608 2680 6 2013 -16.0 -111.9 16.4


Southern tributary 150 07/13-150 37.69782 71.92608 2680 7 2013 -15.3 -108.0 14.7


Southern tributary 150 08/13-150 37.69782 71.92608 2680 8 2013 -15.1 -103.6 17.1


Southern tributary 150 09/13-150 37.69782 71.92608 2680 9 2013 -15.0 -103.9 16.0


Southern tributary 150 06/14-150 37.69782 71.92608 2680 6 2014 -15.3 -109.1 13.4


Southern tributary 150 07/14-150 37.69782 71.92608 2680 7 2014 -15.3 -108.1 14.4


Southern tributary 150 08/14-150 37.69782 71.92608 2680 8 2014 -15.2 -106.7 14.5


Southern tributary 150 09/14-150 37.69782 71.92608 2680 9 2014 -15.0 -104.7 15.2


Southern tributary 160 08/11-160 37.71468 71.96330 2716 8 2011 -15.1 -105.1 15.5


Southern tributary 160 10/11-160 37.71468 71.96330 2716 10 2011 -15.9 -110.2 16.7


Southern tributary 160 11/11-160 37.71468 71.96330 2716 11 2011 -15.9 -111.0 16.2


Southern tributary 160 12/11-160 37.71468 71.96330 2716 12 2011 -15.9 -111.6 15.3


Southern tributary 160 01/12-160 37.71468 71.96330 2716 1 2012 -15.8 -111.5 14.8


Southern tributary 160 04/12-160 37.71468 71.96330 2716 4 2012 -15.9 -111.0 15.9


Southern tributary 160 05/12-160 37.71468 71.96330 2716 5 2012 -15.6 -111.0 13.8


Southern tributary 160 06/12-160 37.71468 71.96330 2716 6 2012 -15.9 -110.9 16.5


Southern tributary 160 07/12-160 37.71468 71.96330 2716 7 2012 -15.7 -108.2 17.7


Southern tributary 160 08/12-160 37.71468 71.96330 2716 8 2012 -15.1 -104.0 17.0


Southern tributary 160 09/12-160 37.71468 71.96330 2716 9 2012 -16.7 -106.1 27.5


Southern tributary 160 10/12-160 37.71468 71.96330 2716 10 2012 -15.9 -108.1 19.0


Southern tributary 160 11/12-160 37.71468 71.96330 2716 11 2012 -15.6 -109.0 15.6


Southern tributary 160 12/12-160 37.71468 71.96330 2716 12 2012 -15.5 -110.4 8.6


Southern tributary 160 04/13-160 37.71468 71.96330 2716 4 2013 -16.1 -115.2 13.8


Southern tributary 160 06/13-160 37.71468 71.96330 2716 6 2013 -16.2 -111.5 17.8


Southern tributary 160 07/13-160 37.71468 71.96330 2716 7 2013 -15.9 -112.2 15.1


Southern tributary 160 08/13-160 37.71468 71.96330 2716 8 2013 -16.0 -108.6 19.4


Southern tributary 160 09/13-160 37.71468 71.96330 2716 9 2013 -14.6 -106.0 11.0


Southern tributary 160 10/13-160 37.71468 71.96330 2716 10 2013 -15.7 -109.7 15.7


Southern tributary 160 11/13-160 37.71468 71.96330 2716 11 2013 -15.8 -109.9 16.8


Southern tributary 160 12/13-160 37.71468 71.96330 2716 12 2013 -15.4 -109.9 13.0


Southern tributary 160 02/14-160 37.71468 71.96330 2716 2 2014 -15.7 -110.8 14.8


Southern tributary 160 03/14-160 37.71468 71.96330 2716 3 2014 -15.7 -111.0 14.8


Southern tributary 160 04/14-160 37.71468 71.96330 2716 4 2014 -16.0 -111.7 16.1


Southern tributary 160 05/14-160 37.71468 71.96330 2716 5 2014 -15.2 -113.3 8.6


Southern tributary 160 06/14-160 37.71468 71.96330 2716 6 2014 -15.6 -110.3 14.3


Southern tributary 160 07/14-160 37.71468 71.96330 2716 7 2014 -15.5 -109.1 14.8


Southern tributary 160 08/14-160 37.71468 71.96330 2716 8 2014 -15.6 -109.0 15.5


Southern tributary 160 09/14-160 37.71468 71.96330 2716 9 2014 -15.4 -107.7 15.7


Southern tributary 201 08/11-201 37.73697 72.08149 2916 8 2011 -16.1 -115.3 13.7


Southern tributary 211 08/11-211 37.71539 72.16593 2947 8 2011 -16.0 -114.0 14.3


Southern tributary 211 04/13-211 37.71540 72.16603 2947 4 2013 -17.4 -121.5 17.6


Southern tributary 211 06/13-211 37.71540 72.16603 2947 6 2013 -16.8 -114.8 19.8


Southern tributary 211 07/13-211 37.71540 72.16603 2947 7 2013 -16.4 -116.1 15.5


Southern tributary 211 08/13-211 37.71540 72.16603 2947 8 2013 -16.3 -115.1 15.3


Southern tributary 211 09/13-211 37.71540 72.16603 2947 9 2013 -15.7 -112.1 13.4


Southern tributary 211 10/13-211 37.71540 72.16603 2947 10 2013 -16.3 -116.0 14.2


Southern tributary 211 11/13-211 37.71540 72.16603 2947 11 2013 -16.1 -116.4 12.2


Southern tributary 211 12/13-211 37.71540 72.16603 2947 12 2013 -16.4 -117.2 14.4


Southern tributary 211 01/14-211 37.71540 72.16603 2947 1 2014 -16.6 -117.4 15.8


Southern tributary 211 02/14-211 37.71540 72.16603 2947 2 2014 -17.3 -118.5 19.6


Southern tributary 211 03/14-211 37.71540 72.16603 2947 3 2014 -16.4 -118.4 12.9


Southern tributary 211 04/14-211 37.71540 72.16603 2947 4 2014 -16.9 -118.3 17.0


Southern tributary 211 05/14-211 37.71540 72.16603 2947 5 2014 -16.6 -121.1 12.1


Southern tributary 211 06/14-211 37.71540 72.16603 2947 6 2014 -16.3 -116.0 14.3


Southern tributary 211 07/14-211 37.71540 72.16603 2947 7 2014 -16.3 -116.7 13.4


Southern tributary 211 08/14-211 37.71540 72.16603 2947 8 2014 -16.3 -116.7 14.0


Southern tributary 211 09/14-211 37.71540 72.16603 2947 9 2014 -16.3 -116.3 13.7


Southern tributary 212 08/11-212 NA NA NA 8 2011 -16.4 -117.2 13.8


Southern tributary 220 08/11-220 37.69837 72.20995 3013 8 2011 -16.5 -119.4 13.0


Southern tributary 220 10/11-220 37.69837 72.20995 3013 10 2011 -16.6 -118.8 13.9


Southern tributary 220 11/11-220 37.69837 72.20995 3013 11 2011 -16.8 -119.4 14.8


Southern tributary 220 04/12-220 37.69837 72.20995 3013 4 2012 -18.5 -136.3 11.8


Southern tributary 220 05/12-220 37.69837 72.20995 3013 5 2012 -16.9 -122.7 12.5


Southern tributary 220 06/12-220 37.69837 72.20995 3013 6 2012 -17.1 -122.8 14.4


Southern tributary 220 07/12-220 37.69837 72.20995 3013 7 2012 -16.8 -118.9 15.5


Southern tributary 220 08/12-220 37.69837 72.20995 3013 8 2012 -16.8 -118.7 15.8


Southern tributary 220 09/12-220 37.69837 72.20995 3013 9 2012 -16.5 -117.2 15.1


Southern tributary 220 10/12-220 37.69837 72.20995 3013 10 2012 -16.5 -117.1 15.2


Southern tributary 220 11/12-220 37.69837 72.20995 3013 11 2012 -16.5 -119.4 12.5


Southern tributary 220 06/13-220 37.69837 72.20995 3013 6 2013 -17.4 -120.5 18.9


Southern tributary 220 07/13-220 37.69837 72.20995 3013 7 2013 -17.0 -121.7 14.6







Southern tributary 220 08/13-220 37.69837 72.20995 3013 8 2013 -16.4 -117.8 13.2


Southern tributary 220 09/13-220 37.69837 72.20995 3013 9 2013 -16.4 -118.2 13.2


Southern tributary 220 10/13-220 37.69837 72.20995 3013 10 2013 -16.5 -118.3 14.0


Southern tributary 220 05/14-220 37.69837 72.20995 3013 5 2014 -16.8 -122.0 12.5


Southern tributary 220 06/14-220 37.69837 72.20995 3013 6 2014 -16.7 -119.1 14.2


Southern tributary 220 07/14-220 37.69837 72.20995 3013 7 2014 -16.7 -121.7 12.0


Southern tributary 220 08/14-220 37.69837 72.20995 3013 8 2014 -16.7 -120.5 12.8


Southern tributary 220 09/14-220 37.69837 72.20995 3013 9 2014 -16.7 -120.6 12.7


Southern tributary 250 08/11-250 37.70237 72.34425 3142 8 2011 -16.6 -121.4 11.5


Southern tributary 250 10/11-250 37.70237 72.34425 3142 10 2011 -17.5 -125.8 14.2


Southern tributary 250 11/11-250 37.70237 72.34425 3142 11 2011 -17.5 -127.1 12.7


Southern tributary 250 12/11-250 37.70237 72.34425 3142 12 2011 -17.5 -126.2 14.1


Southern tributary 250 01/12-250 37.70237 72.34425 3142 1 2012 -17.6 -127.5 13.1


Southern tributary 250 02/12-250 37.70237 72.34425 3142 2 2012 -17.6 -127.3 13.1


Southern tributary 250 03/12-250 37.70237 72.34425 3142 3 2012 -17.4 -126.5 12.6


Southern tributary 250 04/12-250 37.70237 72.34425 3142 4 2012 -17.0 -125.2 10.8


Southern tributary 250 05/12-250 37.70237 72.34425 3142 5 2012 -17.3 -127.4 10.9


Southern tributary 250 06/12-250 37.70237 72.34425 3142 6 2012 -18.0 -129.9 13.9


Southern tributary 250 07/12-250 37.70237 72.34425 3142 7 2012 -17.1 -123.1 14.0


Southern tributary 250 08/12-250 37.70237 72.34425 3142 8 2012 -17.1 -122.6 14.2


Southern tributary 250 09/12-250 37.70237 72.34425 3142 9 2012 -17.0 -122.6 13.6


Southern tributary 250 10/12-250 37.70237 72.34425 3142 10 2012 -16.5 -123.1 9.2


Southern tributary 250 12/12-250 37.70237 72.34425 3142 12 2012 -17.2 -124.8 11.8


Southern tributary 250 02/13-250 37.70237 72.34425 3142 2 2013 -15.4 -107.1 15.9


Southern tributary 250 04/13-250 37.70237 72.34425 3142 4 2013 -18.5 -131.8 15.9


Southern tributary 250 06/13-250 37.70237 72.34425 3142 6 2013 -17.7 -125.2 16.6


Southern tributary 250 07/13-250 37.70237 72.34425 3142 7 2013 -16.8 -122.7 12.0


Southern tributary 250 08/13-250 37.70237 72.34425 3142 8 2013 -17.0 -123.3 12.5


Southern tributary 250 09/13-250 37.70237 72.34425 3142 9 2013 -16.2 -120.5 9.5


Southern tributary 250 10/13-250 37.70237 72.34425 3142 10 2013 -17.3 -124.6 13.8


Southern tributary 250 11/13-250 37.70237 72.34425 3142 11 2013 -17.0 -125.5 10.4


Southern tributary 250 12/13-250 37.70237 72.34425 3142 12 2013 -17.1 -125.4 11.6


Southern tributary 250 01/14-250 37.70237 72.34425 3142 1 2014 -17.3 -125.4 13.2


Southern tributary 250 02/14-250 37.70237 72.34425 3142 2 2014 -18.3 -126.4 19.8


Southern tributary 250 03/14-250 37.70237 72.34425 3142 3 2014 -17.3 -126.3 12.0


Southern tributary 250 04/14-250 37.70237 72.34425 3142 4 2014 -17.4 -125.0 14.0


Southern tributary 250 05/14-250 37.70237 72.34425 3142 5 2014 -17.5 -131.7 8.6


Southern tributary 250 06/14-250 37.70237 72.34425 3142 6 2014 -17.3 -127.3 11.1


Southern tributary 250 07/14-250 37.70237 72.34425 3142 7 2014 -16.2 -114.7 14.7


Southern tributary 250 08/14-250 37.70237 72.34425 3142 8 2014 -17.4 -127.3 12.0


Southern tributary 250 09/14-250 37.70237 72.34425 3142 9 2014 -17.4 -126.4 12.5


Southern tributary 280 08/11-280 37.70084 72.38910 3155 8 2011 -17.0 -125.3 10.6


Southern tributary 280 10/11-280 37.70084 72.38910 3155 10 2011 -17.1 -126.7 9.9


Southern tributary 280 11/11-280 37.70084 72.38910 3155 11 2011 -17.5 -129.1 10.5


Southern tributary 280 12/11-280 37.70084 72.38910 3155 12 2011 -17.6 -130.9 9.7


Southern tributary 280 01/12-280 37.70084 72.38910 3155 1 2012 -17.6 -130.7 10.1


Southern tributary 280 02/12-280 37.70084 72.38910 3155 2 2012 -17.7 -130.8 10.8


Southern tributary 280 03/12-280 37.70084 72.38910 3155 3 2012 -17.5 -129.6 10.0


Southern tributary 280 05/12-280 37.70084 72.38910 3155 5 2012 -17.4 -130.0 9.5


Southern tributary 280 06/12-280 37.70084 72.38910 3155 6 2012 -16.4 -122.1 9.1


Southern tributary 280 07/12-280 37.70084 72.38910 3155 7 2012 -16.3 -119.9 10.1


Southern tributary 280 08/12-280 37.70084 72.38910 3155 8 2012 -16.5 -119.6 12.3


Southern tributary 280 09/12-280 37.70084 72.38910 3155 9 2012 -16.2 -119.5 10.4


Southern tributary 280 10/12-280 37.70084 72.38910 3155 10 2012 -17.1 -125.5 11.5


Southern tributary 280 11/12-280 37.70084 72.38910 3155 11 2012 -17.1 -126.8 9.8


Southern tributary 280 12/12-280 37.70084 72.38910 3155 12 2012 -17.3 -128.9 10.8


Southern tributary 280 02/13-280 37.70084 72.38910 3155 2 2013 -17.3 -128.7 9.9


Southern tributary 280 04/13-280 37.70084 72.38910 3155 4 2013 -17.8 -131.6 11.1


Southern tributary 280 06/13-280 37.70084 72.38910 3155 6 2013 -16.3 -121.6 8.4


Southern tributary 280 07/13-280 37.70084 72.38910 3155 7 2013 -16.5 -119.9 11.8


Southern tributary 280 08/13-280 37.70084 72.38910 3155 8 2013 -16.3 -121.0 9.5


Southern tributary 280 09/13-280 37.70084 72.38910 3155 9 2013 -17.0 -123.3 12.5


Southern tributary 280 10/13-280 37.70084 72.38910 3155 10 2013 -16.6 -123.8 9.1


Southern tributary 280 12/13-280 37.70084 72.38910 3155 12 2013 -16.9 -126.6 8.5


Southern tributary 280 02/14-280 37.70084 72.38910 3155 2 2014 -17.9 -129.4 13.6


Southern tributary 280 03/14-280 37.70084 72.38910 3155 3 2014 -17.3 -128.9 9.6


Southern tributary 280 04/14-280 37.70084 72.38910 3155 4 2014 -17.5 -129.1 10.8


Southern tributary 280 06/14-280 37.70084 72.38910 3155 6 2014 -16.6 -123.2 9.5


Southern tributary 280 07/14-280 37.70084 72.38910 3155 7 2014 -16.6 -123.9 8.9


Southern tributary 280 08/14-280 37.70084 72.38910 3155 8 2014 -16.6 -124.0 9.2


Southern tributary 280 09/14-280 37.70084 72.38910 3155 9 2014 -16.6 -123.7 8.8


Southern tributary 282 04/13-282 37.70017 72.39703 3189 4 2013 -18.1 -134.2 10.6


Southern tributary 282 07/13-282 37.70017 72.39703 3189 7 2013 -16.6 -121.6 10.9


Southern tributary 282 08/13-282 37.70017 72.39703 3189 8 2013 -16.2 -120.5 9.5







Southern tributary 282 10/13-282 37.70017 72.39703 3189 10 2013 -16.7 -123.9 10.0


Southern tributary 282 12/13-282 37.70017 72.39703 3189 12 2013 -17.1 -125.8 11.3


Southern tributary 282 01/14-282 37.70017 72.39703 3189 1 2014 -17.3 -128.2 10.4


Southern tributary 282 02/14-282 37.70017 72.39703 3189 2 2014 -17.9 -129.1 14.4


Southern tributary 282 03/14-282 37.70017 72.39703 3189 3 2014 -17.3 -127.8 10.3


Southern tributary 282 04/14-282 37.70017 72.39703 3189 4 2014 -17.6 -128.3 12.7


Southern tributary 282 06/14-282 37.70017 72.39703 3189 6 2014 -16.3 -122.2 8.1


Southern tributary 282 08/14-282 37.70017 72.39703 3189 8 2014 -16.5 -123.7 8.6


Southern tributary 282 09/14-282 37.70017 72.39703 3189 9 2014 -16.4 -122.8 8.4


Southern tributary 302 09/13-FT-302 37.48068 72.78277 4274 9 2013 -15.4 -109.8 13.3


Southern tributary 302 09/14-FT-302 37.48068 72.78277 4274 9 2014 -15.3 -113.6 9.1


Southern tributary 303 09/13-FT-303 37.43617 72.80266 4462 9 2013 -15.5 -111.7 12.1


Southern tributary 304 09/13-FT-304 37.41980 72.81113 4539 9 2013 -15.7 -113.3 12.3


Southern tributary 320 08/11-320 37.78284 72.78455 3746 8 2011 -18.0 -131.2 12.5


Southern tributary 330 08/11-330 37.76729 72.83646 3805 8 2011 -17.6 -128.4 12.4


Southern tributary 0210 09/14-FT-0210 37.18771 72.00456 2866 9 2014 -15.5 -111.8 12.0


Plateau 310 08/11-310 37.79129 72.74340 3727 8 2011 -16.1 -125.0 4.1


Plateau 310 09/14-FT-310 37.79129 72.74340 3727 9 2014 -15.3 -118.0 4.1


Plateau 360 08/11-360 37.77000 72.97452 3727 8 2011 -16.1 -121.5 7.4


Plateau 380 08/11-380 37.74822 73.25172 3878 8 2011 -15.9 -119.4 7.5


Plateau 384 03/13-FT-384 37.74822 73.25172 3878 3 2013 -16.6 -125.9 6.9


Plateau 385 03/13-FT-385 37.74822 73.25172 3878 3 2013 -16.3 -124.1 6.2








Water type
Location 


number
Sample ID Date EC (µS/cm) T (°C) pH Cl (meq/L) SO4 (meq/L) Na (meq/L) K (meq/L) Mg (meq/L) Ca (meq/L)


HCO3calc 


(meq/L)


main stream 010 08/11-010 08/2011 118 12.10 8.07 0.0 0.2 0.1 0.0 0.1 0.7 0.7


main stream 010 10/11-010 10/2011 188 9.00 8.05 0.1 0.4 0.2 0.0 0.2 0.9 0.9


main stream 010 11/11-010 11/2011 206 6.10 6.94 0.1 0.5 0.3 0.0 0.2 1.2 1.2


main stream 010 12/11-010 12/2011 221 0.90 7.79 0.1 0.4 0.4 0.1 0.4 1.6 1.9


main stream 010 01/12-010 01/2012 235 0.50 8.33 0.1 0.4 0.4 0.1 0.4 1.7 2.1


main stream 010 02/12-010 02/2012 229 1.80 8.08 0.1 0.5 0.4 0.1 0.4 1.8 2.0


main stream 010 03/12-010 03/2012 236 2.80 8.40 0.1 0.6 0.4 0.1 0.4 1.8 2.0


main stream 010 04/12-010 04/2012 222 10.10 7.98 0.1 0.5 0.4 0.1 0.4 1.7 1.9


main stream 010 05/12-010 05/2012 193 12.10 8.13 0.1 0.5 0.3 0.1 0.3 1.4 1.5


main stream 010 06/12-010 06/2012 130 10.60 7.15 0.1 0.3 0.2 0.1 0.2 0.9 1.0


main stream 010 07/12-010 07/2012 112 11.30 6.86 0.1 0.2 0.1 0.1 0.2 0.7 0.8


main stream 010 08/12-010 08/2012 143 12.40 7.40 0.1 0.2 0.2 0.1 0.2 0.9 1.1


main stream 010 09/12-010 09/2012 157 13.20 6.85 0.1 0.2 0.2 0.1 0.2 1.0 1.3


main stream 010 10/12-010 10/2012 195 NA 6.59 0.1 0.3 0.3 0.1 0.3 1.4 1.7


main stream 010 11/12-010 11/2012 217 4.30 6.91 0.1 0.3 0.3 0.1 0.3 1.3 1.6


main stream 010 12/12-010 12/2012 244 2.70 7.66 0.2 0.4 0.4 0.2 0.4 1.6 2.1


main stream 010 01/13-010 01/2013 265 2.50 7.85 0.3 0.4 0.5 0.2 0.4 1.6 2.1


main stream 010 02/13-010 02/2013 238 2.20 7.89 0.2 0.4 0.4 0.1 0.4 1.6 2.1


main stream 010 03/13-010 03/2013 239 5.30 7.66 0.2 0.5 0.4 0.1 0.4 1.6 1.9


main stream 010 04/13-010 04/2013 239 10.60 7.32 0.2 0.5 0.4 0.1 0.4 1.6 1.8


main stream 010 05/13-010 05/2013 148 12.50 7.68 0.3 0.3 0.2 0.3 0.2 1.0 1.1


main stream 010 06/13-010 06/2013 176 9.40 7.33 0.3 0.3 0.2 0.3 0.2 1.0 1.1


main stream 010 07/13-010 07/2013 111 12.00 6.94 0.0 0.2 0.1 0.1 0.2 0.8 0.9


main stream 010 08/13-010 08/2013 167 11.50 7.08 0.3 0.3 0.2 0.3 0.2 1.0 1.1


main stream 010 09/13-010 09/2013 165 10.60 7.00 0.1 0.4 0.2 0.1 0.2 1.1 1.1


main stream 010 10/13-010 10/2013 192 8.00 7.37 0.1 0.4 0.3 0.1 0.3 1.3 1.5


main stream 010 11/13-010 11/2013 213 4.60 7.26 0.3 0.4 0.4 0.2 0.4 1.6 1.8


main stream 010 12/13-010 12/2013 222 2.60 7.35 0.1 0.5 0.4 0.1 0.4 1.5 1.8


main stream 010 01/14-010 01/2014 229 1.10 8.09 0.1 0.4 0.4 0.1 0.4 1.5 1.8


main stream 010 02/14-010 02/2014 243 0.20 7.46 0.2 0.5 0.4 0.1 0.4 1.5 1.8


main stream 010 03/14-010 03/2014 236 5.50 7.37 0.2 0.5 0.4 0.1 0.4 1.6 1.8


main stream 010 04/14-010 04/2014 248 7.60 7.7 0.2 0.5 0.4 0.1 0.4 1.6 1.9


main stream 010 06/14-010 06/2014 122 10.40 6.61 0.1 0.2 0.1 0.1 0.2 0.8 0.9


main stream 010 07/14-010 07/2014 128 11.50 6.78 0.1 0.2 0.1 0.1 0.2 0.8 0.9


main stream 010 08/14-010 08/2014 143 11.00 7.07 0.1 0.3 0.2 0.1 0.2 1.0 1.2


main stream 010 09/14-010 09/2014 175 10.00 7.22 0.1 0.4 0.2 0.1 0.3 1.2 1.3


main stream 010 10/14-010 10/2014 200 8.10 7.37 0.1 0.4 0.3 0.1 0.3 1.4 1.5


main stream 010 11/14-010 11/2014 247 4.10 7.62 0.3 0.5 0.3 0.2 0.3 1.5 1.7


southern tributary 020 08/11-020 08/2011 157 12.50 7.78 0.0 0.5 0.1 0.1 0.2 1.0 0.9


southern tributary 020 10/11-020 10/2011 261 9.90 8.37 0.1 0.8 0.3 0.1 0.3 1.4 1.1


southern tributary 020 11/11-020 11/2011 276 5.80 6.88 0.2 0.9 0.3 0.1 0.4 1.8 1.6


southern tributary 020 12/11-020 12/2011 294 0.70 7.52 0.2 1.1 0.4 0.1 0.6 2.5 2.3


southern tributary 020 01/12-020 01/2012 288 0.20 7.98 0.1 0.9 0.4 0.1 0.5 2.2 2.1


southern tributary 020 02/12-020 02/2012 286 1.70 7.91 0.2 1.0 0.4 0.1 0.5 2.1 2.0


southern tributary 020 03/12-020 03/2012 298 2.30 8.19 0.2 1.0 0.4 0.1 0.5 2.4 2.2


Appendix Table 5: List of surface water samples and their major anion and major cation concentrations.







southern tributary 020 04/12-020 04/2012 271 11.00 7.97 0.2 0.9 0.4 0.1 0.5 2.1 2.0


southern tributary 020 05/12-020 05/2012 235 12.70 7.41 0.2 0.8 0.4 0.1 0.4 1.7 1.6


southern tributary 020 06/12-020 06/2012 143 10.70 6.86 0.1 0.4 0.2 0.1 0.2 1.0 1.0


southern tributary 020 07/12-020 07/2012 135 12.60 6.81 0.1 0.4 0.1 0.1 0.2 0.8 0.8


southern tributary 020 08/12-020 08/2012 183 13.40 6.69 0.1 0.5 0.2 0.1 0.3 1.3 1.3


southern tributary 020 09/12-020 09/2012 206 13.90 6.62 0.1 0.5 0.2 0.1 0.3 1.4 1.5


southern tributary 020 10/12-020 10/2012 252 NA 6.79 0.1 0.7 0.4 0.1 0.5 1.9 2.0


southern tributary 020 11/12-020 11/2012 272 3.70 6.23 0.1 0.7 0.4 0.1 0.4 1.8 1.8


southern tributary 020 12/12-020 12/2012 283 2.50 7.53 0.2 0.8 0.4 0.1 0.5 2.1 2.3


southern tributary 020 01/13-020 01/2013 298 2.00 7.67 0.2 0.9 0.5 0.1 0.5 2.2 2.2


southern tributary 020 02/13-020 02/2013 310 1.70 7.74 0.2 0.9 0.5 0.2 0.5 2.3 2.4


southern tributary 020 03/13-020 03/2013 309 5.30 7.54 0.2 0.9 0.5 0.1 0.6 2.2 2.2


southern tributary 020 04/13-020 04/2013 296 11.00 7.52 0.2 0.9 0.5 0.1 0.5 2.1 2.0


southern tributary 020 05/13-020 05/2013 195 12.70 7.21 0.1 0.5 0.2 0.1 0.3 1.2 1.3


southern tributary 020 06/13-020 06/2013 266 9.00 7.46 0.5 0.5 0.2 0.5 0.3 1.2 1.2


southern tributary 020 07/13-020 07/2013 137 12.50 7.04 0.0 0.4 0.1 0.1 0.2 1.0 0.9


southern tributary 020 08/13-020 08/2013 225 12.20 7.10 0.2 0.7 0.2 0.2 0.4 1.5 1.4


southern tributary 020 09/13-020 09/2013 248 10.90 7.16 0.1 0.8 0.2 0.1 0.4 1.5 1.4


southern tributary 020 10/13-020 10/2013 264 8.40 7.37 0.1 0.9 0.4 0.1 0.5 1.9 1.9


southern tributary 020 11/13-020 11/2013 276 5.00 7.12 0.3 0.9 0.4 0.2 0.5 2.2 2.2


southern tributary 020 12/13-020 12/2013 315 1.80 7.17 0.2 0.9 0.4 0.1 0.5 2.1 2.0


southern tributary 020 01/14-020 01/2014 289 1.80 7.63 0.2 0.9 0.4 0.1 0.5 2.0 1.9


southern tributary 020 02/14-020 02/2014 316 1.00 7.43 0.2 1.0 0.5 0.1 0.5 2.1 1.9


southern tributary 020 03/14-020 03/2014 300 5.40 7.28 0.2 1.0 0.5 0.1 0.5 2.1 2.0


southern tributary 020 04/14-020 04/2014 390 7.50 7.56 0.4 1.0 0.5 0.3 0.5 2.2 2.2


southern tributary 020 05/14-020 05/2014 285 11.60 7.48 0.2 0.8 0.4 0.1 0.5 2.1 2.1


southern tributary 020 06/14-020 06/2014 130 11.10 6.71 0.1 0.3 0.1 0.1 0.2 0.9 0.9


southern tributary 020 07/14-020 07/2014 154 12.20 6.96 0.0 0.4 0.1 0.0 0.3 1.1 1.1


southern tributary 020 08/14-020 08/2014 221 10.30 7.38 0.1 0.7 0.2 0.1 0.4 1.5 1.4


southern tributary 020 09/14-020 09/2014 239 11.30 7.24 0.2 0.8 0.3 0.2 0.4 1.7 1.6


southern tributary 020 10/14-020 10/2014 282 7.90 7.75 0.2 0.9 0.4 0.1 0.5 1.9 1.8


southern tributary 020 11/14-020 11/2014 290 3.60 7.75 0.2 0.9 0.4 0.1 0.5 1.9 1.8


main stream 030 08/11-030 08/2011 100 11.10 7.35 0.0 0.1 0.1 0.0 0.1 0.6 0.6


main stream 030 10/11-030 10/2011 159 9.50 8.10 0.1 0.3 0.2 0.0 0.1 0.8 0.9


main stream 030 11/11-030 11/2011 180 6.20 6.82 0.1 0.3 0.3 0.1 0.3 1.3 1.5


main stream 030 12/11-030 12/2011 201 0.70 7.83 0.1 0.4 0.4 0.1 0.3 1.4 1.6


main stream 030 01/12-030 01/2012 206 0.20 8.48 0.1 0.2 0.4 0.0 0.4 1.5 2.1


main stream 030 02/12-030 02/2012 211 0.60 7.97 0.1 0.4 0.4 0.0 0.4 1.7 2.0


main stream 030 03/12-030 03/2012 219 2.80 8.21 0.1 0.4 0.4 0.1 0.4 1.7 2.0


main stream 030 04/12-030 04/2012 204 10.60 7.95 0.1 0.4 0.4 0.1 0.4 1.5 1.9


main stream 030 05/12-030 05/2012 158 15.00 7.90 0.1 0.3 0.3 0.0 0.3 1.2 1.4


main stream 030 06/12-030 06/2012 124 11.50 7.05 0.1 0.2 0.2 0.1 0.2 0.8 0.9


main stream 030 07/12-030 07/2012 120 11.80 6.20 0.1 0.1 0.1 0.0 0.1 0.6 0.7


main stream 030 08/12-030 08/2012 115 12.00 6.75 0.0 0.1 0.2 0.1 0.2 0.8 1.0


main stream 030 09/12-030 09/2012 137 13.40 6.45 0.1 0.1 0.2 0.1 0.2 0.9 1.2


main stream 030 10/12-030 10/2012 169 NA 7.09 0.1 0.2 0.3 0.0 0.3 1.2 1.6


main stream 030 11/12-030 11/2012 188 4.50 6.73 0.1 0.2 0.3 0.1 0.3 1.1 1.5


main stream 030 12/12-030 12/2012 210 2.70 7.77 0.1 0.3 0.4 0.1 0.4 1.4 1.9


main stream 030 01/13-030 01/2013 219 2.10 7.76 0.1 0.3 0.4 0.0 0.4 1.5 2.1


main stream 030 02/13-030 02/2013 214 2.80 7.66 0.2 0.3 0.6 0.1 0.4 1.5 2.1







main stream 030 03/13-030 03/2013 227 5.40 7.89 0.2 0.4 0.4 0.1 0.4 1.5 2.0


main stream 030 04/13-030 04/2013 217 11.00 7.35 0.2 0.4 0.4 0.1 0.4 1.4 1.8


main stream 030 05/13-030 06/2013 140 13.00 7.38 0.1 0.2 0.2 0.0 0.2 0.9 1.1


main stream 030 06/13-030 06/2013 122 10.00 7.20 0.2 0.2 0.2 0.2 0.2 0.8 1.0


main stream 030 07/13-030 07/2013 120 11.40 7.63 0.0 0.1 0.1 0.0 0.1 0.6 0.7


main stream 030 08/13-030 08/2013 173 12.60 7.05 0.3 0.2 0.2 0.3 0.2 0.8 1.0


main stream 030 09/13-030 09/2013 174 10.90 7.08 0.1 0.2 0.2 0.0 0.2 0.9 1.1


main stream 030 10/13-030 10/2013 159 8.00 7.03 0.1 0.2 0.3 0.0 0.2 1.1 1.4


main stream 030 11/13-030 11/2013 193 5.30 7.02 0.1 0.3 0.4 0.0 0.3 1.3 1.7


main stream 030 12/13-030 12/2013 208 3.00 7.12 0.1 0.3 0.4 0.1 0.3 1.3 1.7


main stream 030 01/14-030 01/2014 207 1.30 7.24 0.1 0.3 0.4 0.1 0.4 1.4 1.7


main stream 030 02/14-030 02/2014 244 1.80 7.32 0.2 0.3 0.4 0.1 0.4 1.3 1.7


main stream 030 03/14-030 03/2014 211 5.30 7.41 0.1 0.3 0.4 0.1 0.4 1.4 1.8


main stream 030 04/14-030 04/2014 209 7.10 7.47 0.2 0.3 0.4 0.1 0.4 1.5 1.8


main stream 030 05/14-030 05/2014 162 12.40 7.03 0.1 0.3 0.3 0.1 0.3 1.1 1.4


main stream 030 06/14-030 06/2014 103 11.00 6.81 0.1 0.1 0.1 0.1 0.1 0.7 0.8


main stream 030 07/14-030 07/2014 102 11.50 6.53 0.0 0.1 0.1 0.0 0.1 0.7 0.8


main stream 030 08/14-030 08/2014 150 10.90 6.94 0.1 0.2 0.2 0.1 0.2 0.8 1.0


main stream 030 09/14-030 09/2014 150 10.60 7.14 0.1 0.2 0.2 0.1 0.2 1.0 1.2


main stream 030 10/14-030 10/2014 178 7.50 7.26 0.1 0.3 0.3 0.0 0.2 1.1 1.4


main stream 030 11/14-030 11/2014 193 4.90 7.76 0.2 0.3 0.3 0.2 0.3 1.3 1.5


main stream 041 11/11-041 11/2011 182 5.70 7.09 0.1 0.3 0.3 0.0 0.2 1.1 1.1


main stream 041 12/11-041 12/2011 205 0.60 7.44 0.1 0.3 0.4 0.0 0.4 1.5 1.9


main stream 041 01/12-041 01/2012 206 1.30 7.68 0.1 0.4 0.4 0.0 0.4 1.6 2.0


main stream 041 02/12-041 02/2012 248 1.70 7.85 0.1 0.4 0.4 0.0 0.4 1.6 2.0


main stream 041 03/12-041 03/2012 220 2.50 8.72 0.1 0.4 0.4 0.0 0.4 1.7 2.1


main stream 041 04/12-041 04/2012 202 9.50 8.02 0.1 0.4 0.4 0.1 0.4 1.6 1.9


main stream 041 05/12-041 05/2012 162 11.30 7.47 0.1 0.3 0.3 0.1 0.3 1.2 1.3


main stream 041 06/12-041 06/2012 115 10.20 7.00 0.1 0.2 0.2 0.1 0.2 0.8 0.9


main stream 041 07/12-041 07/2012 101 10.10 6.73 0.1 0.1 0.1 0.0 0.1 0.7 0.8


main stream 041 08/12-041 08/2012 123 11.00 6.76 0.1 0.1 0.2 0.1 0.2 0.8 1.1


main stream 041 09/12-041 09/2012 139 11.50 6.65 0.1 0.1 0.2 0.1 0.2 0.9 1.2


main stream 041 10/12-041 10/2012 174 NA 6.65 0.1 0.2 0.3 0.0 0.3 1.3 1.6


main stream 041 11/12-041 11/2012 193 3.20 6.33 0.1 0.2 0.3 0.1 0.3 1.2 1.6


main stream 041 12/12-041 12/2012 213 2.00 7.66 0.1 0.3 0.4 0.1 0.4 1.5 2.0


main stream 041 02/13-041 02/2013 221 2.60 7.78 0.1 0.3 0.4 0.1 0.4 1.5 2.0


main stream 041 06/13-041 06/2013 114 9.70 6.56 0.0 0.0 0.1 0.0 0.1 0.4 0.5


main stream 041 07/13-041 07/2013 116 13.60 7.26 0.0 0.0 0.1 0.0 0.1 0.3 0.4


main stream 041 08/13-041 08/2013 122 12.90 6.82 0.1 0.2 0.2 0.0 0.2 0.8 1.0


main stream 041 09/13-041 09/2013 156 8.80 6.90 0.1 0.2 0.2 0.0 0.2 0.9 1.1


main stream 041 10/13-041 10/2013 162 7.00 7.09 0.1 0.2 0.3 0.1 0.2 1.1 1.4


main stream 041 11/13-041 11/2013 189 3.90 7.18 0.3 0.3 0.4 0.3 0.3 1.4 1.7


main stream 041 12/13-041 12/2013 201 2.00 6.84 0.2 0.3 0.4 0.2 0.3 1.3 1.7


main stream 041 01/14-041 01/2014 221 0.40 7.07 0.1 0.3 0.4 0.1 0.4 1.4 1.8


main stream 041 02/14-041 02/2014 229 0.60 7.51 0.1 0.4 0.4 0.1 0.4 1.4 1.9


main stream 041 03/14-041 03/2014 225 4.50 7.24 0.1 0.3 0.4 0.1 0.4 1.4 1.8


main stream 041 04/14-041 04/2014 218 9.30 7.11 0.1 0.3 0.4 0.1 0.4 1.5 2.0


main stream 041 06/14-041 06/2014 118 10.00 6.71 0.1 0.1 0.1 0.2 0.1 0.7 0.8


main stream 041 07/14-041 07/2014 104 9.90 6.67 0.0 0.1 0.2 0.0 0.1 0.7 0.8


main stream 041 08/14-041 08/2014 121 8.90 7.14 0.1 0.2 0.2 0.1 0.2 0.8 1.0







main stream 041 09/14-041 09/2014 156 9.20 6.85 0.1 0.2 0.2 0.1 0.2 1.0 1.2


main stream 041 10/14-041 10/2014 175 7.90 7.45 0.1 0.3 0.3 0.0 0.2 1.1 1.4


main stream 041 11/14-041 11/2014 192 3.60 7.78 0.1 0.3 0.3 0.1 0.3 1.3 1.5


northern tributary 050 08/11-050 08/2011 41 11.60 7.52 0.0 0.0 0.0 0.0 0.0 0.2 0.3


northern tributary 050 10/11-050 10/2011 64 11.20 7.84 0.0 0.1 0.0 0.0 0.0 0.3 0.2


northern tributary 050 11/11-050 11/2011 66 5.40 7.04 0.0 0.1 0.1 0.0 0.0 0.4 0.4


northern tributary 050 12/11-050 12/2011 209 0.30 7.27 0.0 0.0 0.1 0.0 0.1 0.5 0.6


northern tributary 050 01/12-050 01/2012 220 0.70 7.59 0.0 0.1 0.1 0.0 0.1 0.6 0.6


northern tributary 050 02/12-050 02/2012 217 0.10 7.42 0.0 0.2 0.1 0.0 0.1 0.5 0.5


northern tributary 050 03/12-050 03/2012 151 1.30 8.81 0.0 0.2 0.1 0.1 0.1 0.6 0.6


northern tributary 050 04/12-050 04/2012 200 8.90 8.12 0.0 0.1 0.1 0.0 0.1 0.7 0.8


northern tributary 050 05/12-050 05/2012 158 10.40 7.29 0.0 0.1 0.1 0.1 0.1 0.5 0.5


northern tributary 050 06/12-050 06/2012 143 8.00 6.60 0.0 0.1 0.0 0.0 0.0 0.4 0.4


northern tributary 050 07/12-050 07/2012 102 11.00 6.29 0.0 0.1 0.0 0.1 0.0 0.3 0.3


northern tributary 050 08/12-050 08/2012 49 11.10 6.43 0.0 0.1 0.0 0.1 0.0 0.4 0.4


northern tributary 050 09/12-050 09/2012 127 13.50 6.25 0.0 0.1 0.1 0.1 0.0 0.4 0.5


northern tributary 050 10/12-050 10/2012 170 NA 6.52 0.0 0.1 0.0 0.0 0.1 0.5 0.6


northern tributary 050 11/12-050 11/2012 171 2.10 7.70 0.0 0.1 0.1 0.1 0.1 0.5 0.6


northern tributary 050 12/12-050 12/2012 200 0.90 7.32 0.0 0.1 0.1 0.1 0.1 0.5 0.6


northern tributary 050 02/13-050 02/2013 171 0.50 6.91 0.0 0.1 0.1 0.1 0.1 0.5 0.6


northern tributary 050 04/13-050 04/2013 221 10.30 7.28 0.0 0.1 0.1 0.1 0.1 0.6 0.6


northern tributary 050 06/13-050 06/2013 157 8.50 6.31 0.0 0.1 0.0 0.1 0.0 0.4 0.4


northern tributary 050 07/13-050 07/2013 154 11.10 6.09 0.0 0.1 0.0 0.1 0.0 0.3 0.3


northern tributary 050 08/13-050 08/2013 159 11.20 6.93 0.0 0.1 0.1 0.0 0.0 0.4 0.4


northern tributary 050 09/13-050 09/2013 112 9.20 6.46 0.0 0.1 0.1 0.0 0.1 0.5 0.5


northern tributary 050 10/13-050 10/2013 155 7.90 6.70 0.0 0.1 0.1 0.1 0.1 0.5 0.5


northern tributary 050 11/13-050 11/2013 171 2.20 6.62 0.0 0.1 0.1 0.0 0.1 0.5 0.5


northern tributary 050 12/13-050 12/2013 145 1.80 6.80 0.1 0.1 0.1 0.1 0.1 0.5 0.5


northern tributary 050 01/14-050 01/2014 146 0.20 6.51 0.0 0.1 0.1 0.1 0.1 0.5 0.5


northern tributary 050 02/14-050 02/2014 167 0.90 6.68 0.1 0.1 0.1 0.2 0.1 0.5 0.5


northern tributary 050 03/14-050 03/2014 173 4.30 6.56 0.0 0.1 0.1 0.1 0.1 0.5 0.5


northern tributary 050 04/14-050 04/2014 155 7.80 6.31 0.0 0.1 0.1 0.1 0.1 0.5 0.6


northern tributary 050 05/14-050 05/2014 113 17.00 6.33 0.1 0.1 0.1 0.1 0.1 0.4 0.5


northern tributary 050 06/14-050 06/2014 138 9.10 6.15 0.0 0.1 0.0 0.0 0.0 0.3 0.3


northern tributary 050 07/14-050 07/2014 137 10.20 6.50 0.0 0.1 0.0 0.0 0.0 0.4 0.3


northern tributary 050 08/14-050 08/2014 131 10.40 6.63 0.0 0.1 0.0 0.1 0.0 0.4 0.4


northern tributary 050 09/14-050 09/2014 130 7.40 6.43 0.0 0.1 0.0 0.0 0.1 0.4 0.4


northern tributary 050 10/14-050 10/2014 196 10.30 6.23 0.0 0.1 0.1 0.0 0.1 0.5 0.5


northern tributary 050 11/14-050 11/2014 110 2.90 6.94 0.0 0.1 0.1 0.1 0.1 0.5 0.5


main stream 060 10/11-060 10/2011 158 11.30 7.81 0.1 0.3 0.2 0.0 0.1 0.8 0.9


main stream 060 11/11-060 11/2011 177 5.20 7.13 0.1 0.3 0.3 0.0 0.3 1.4 1.6


main stream 060 12/11-060 12/2011 207 0.50 7.84 0.1 0.3 0.4 0.0 0.4 1.5 1.9


main stream 060 01/12-060 01/2012 228 0.50 7.80 0.1 0.4 0.4 0.1 0.4 1.6 2.0


main stream 060 02/12-060 02/2012 215 0.50 7.91 0.1 0.4 0.4 0.0 0.4 1.6 1.9


main stream 060 03/12-060 03/2012 215 2.60 7.92 0.1 0.4 0.4 0.0 0.4 1.7 2.0


main stream 060 04/12-060 04/2012 203 8.70 8.10 0.1 0.3 0.4 0.1 0.4 1.5 1.9


main stream 060 05/12-060 05/2012 170 11.40 7.83 0.1 0.3 0.3 0.1 0.3 1.2 1.4


main stream 060 06/12-060 06/2012 109 9.50 7.29 0.1 0.2 0.2 0.0 0.2 0.8 0.9


main stream 060 07/12-060 07/2012 100 9.40 6.44 0.0 0.1 0.1 0.0 0.1 0.6 0.7


main stream 060 08/12-060 08/2012 119 10.70 6.98 0.1 0.1 0.2 0.1 0.2 0.8 1.1







main stream 060 09/12-060 09/2012 61 11.00 6.69 0.0 0.1 0.2 0.0 0.2 0.9 1.2


main stream 060 10/12-060 10/2012 64 NA 6.94 0.1 0.2 0.3 0.0 0.3 1.2 1.6


main stream 060 11/12-060 11/2012 188 2.90 6.66 0.1 0.2 0.3 0.0 0.3 1.2 1.5


main stream 060 12/12-060 12/2012 206 2.10 7.38 0.1 0.3 0.4 0.1 0.4 1.4 1.9


main stream 060 02/13-060 02/2013 216 3.60 7.80 0.1 0.3 0.4 0.0 0.4 1.5 2.0


main stream 060 04/13-060 04/2013 215 10.10 7.80 0.2 0.4 0.4 0.1 0.4 1.5 1.8


main stream 060 06/13-060 06/2013 117 9.80 6.94 0.1 0.1 0.1 0.1 0.2 0.8 0.9


main stream 060 07/13-060 07/2013 115 13.00 7.50 0.0 0.1 0.1 0.0 0.1 0.6 0.7


main stream 060 08/13-060 08/2013 121 12.80 6.80 0.0 0.2 0.2 0.0 0.2 0.9 1.0


main stream 060 09/13-060 09/2013 137 8.00 7.01 0.1 0.2 0.2 0.1 0.2 0.9 1.1


main stream 060 10/13-060 10/2013 162 6.00 6.96 0.1 0.2 0.3 0.0 0.2 1.1 1.4


main stream 060 11/13-060 11/2013 203 3.40 6.93 0.2 0.3 0.4 0.1 0.3 1.4 1.7


main stream 060 12/13-060 12/2013 204 1.40 7.26 0.1 0.3 0.4 0.1 0.3 1.4 1.7


main stream 060 01/14-060 01/2014 215 1.00 7.36 0.1 0.3 0.4 0.1 0.4 1.4 1.8


main stream 060 02/14-060 02/2014 225 1.00 7.31 0.1 0.4 0.4 0.1 0.4 1.4 1.9


main stream 060 03/14-060 03/2014 219 6.50 7.19 0.1 0.3 0.4 0.0 0.4 1.5 1.9


main stream 060 04/14-060 04/2014 225 7.70 7.25 0.1 0.3 0.4 0.1 0.4 1.5 1.9


main stream 060 05/14-060 05/2014 172 11.40 7.24 0.1 0.3 0.3 0.1 0.3 1.1 1.4


main stream 060 06/14-060 06/2014 138 13.50 6.72 0.2 0.1 0.2 0.2 0.1 0.7 0.9


main stream 060 07/14-060 07/2014 143 13.70 7.03 0.1 0.1 0.1 0.1 0.1 0.7 0.8


main stream 060 08/14-060 08/2014 157 10.30 7.01 0.2 0.2 0.2 0.2 0.2 0.9 1.0


main stream 060 09/14-060 09/2014 140 10.00 6.73 0.2 0.2 0.2 0.2 0.2 0.9 1.2


main stream 060 10/14-060 10/2014 186 9.50 7.33 0.1 0.3 0.3 0.1 0.2 1.2 1.4


main stream 060 11/14-060 11/2014 234 5.00 7.76 0.2 0.3 0.3 0.2 0.3 1.3 1.5


southern tributary 070 08/11-070 08/2011 40 11.00 7.42 0.0 0.0 0.0 0.0 0.0 0.2 0.3


southern tributary 070 10/11-070 10/2011 74 10.70 7.86 0.0 0.1 0.1 0.0 0.1 0.3 0.4


southern tributary 070 11/11-070 11/2011 82 4.20 7.20 0.0 0.1 0.1 0.0 0.1 0.7 0.8


southern tributary 070 12/11-070 12/2011 90 0.90 7.52 0.0 0.1 0.1 0.0 0.2 0.6 0.8


southern tributary 070 01/12-070 01/2012 208 0.50 7.53 0.0 0.1 0.1 0.0 0.2 0.6 0.8


southern tributary 070 02/12-070 02/2012 236 2.10 7.68 0.0 0.2 0.1 0.0 0.2 0.7 0.8


southern tributary 070 03/12-070 03/2012 130 3.00 8.35 0.4 0.2 0.1 0.4 0.2 0.7 0.8


southern tributary 070 04/12-070 04/2012 193 5.70 8.04 0.0 0.2 0.1 0.0 0.2 0.8 1.0


southern tributary 070 05/12-070 05/2012 177 7.60 7.42 0.0 0.1 0.1 0.0 0.1 0.5 0.6


southern tributary 070 06/12-070 06/2012 140 6.10 6.82 0.0 0.1 0.1 0.0 0.1 0.4 0.5


southern tributary 070 07/12-070 07/2012 120 8.20 6.44 0.0 0.1 0.1 0.0 0.0 0.3 0.4


southern tributary 070 08/12-070 08/2012 53 9.10 6.33 0.0 0.0 0.1 0.0 0.1 0.4 0.5


southern tributary 070 09/12-070 09/2012 61 11.10 6.32 0.0 0.0 0.1 0.0 0.1 0.4 0.6


southern tributary 070 10/12-070 10/2012 79 NA 7.60 0.0 0.1 0.1 0.0 0.1 0.5 0.7


southern tributary 070 11/12-070 11/2012 197 2.90 6.55 0.0 0.1 0.1 0.1 0.1 0.5 0.7


southern tributary 070 12/12-070 12/2012 126 2.70 7.44 0.0 0.1 0.1 0.1 0.1 0.6 0.8


southern tributary 070 02/13-070 02/2013 230 1.30 7.27 0.0 0.1 0.2 0.1 0.2 0.6 0.9


southern tributary 070 04/13-070 04/2013 191 7.30 6.91 0.1 0.1 0.1 0.1 0.1 0.6 0.7


southern tributary 070 06/13-070 06/2013 120 8.50 6.42 0.1 0.1 0.1 0.1 0.1 0.4 0.5


southern tributary 070 07/13-070 07/2013 125 12.10 7.30 0.0 0.0 0.0 0.0 0.0 0.3 0.4


southern tributary 070 08/13-070 08/2013 124 12.60 6.22 0.1 0.1 0.1 0.0 0.1 0.4 0.6


southern tributary 070 09/13-070 09/2013 133 8.50 6.61 0.0 0.1 0.1 0.0 0.1 0.4 0.6


southern tributary 070 10/13-070 10/2013 167 5.30 6.75 0.0 0.1 0.1 0.1 0.1 0.5 0.7


southern tributary 070 11/13-070 11/2013 100 3.70 6.96 0.1 0.1 0.1 0.1 0.1 0.6 0.8


southern tributary 070 12/13-070 12/2013 104 2.50 6.62 0.2 0.1 0.1 0.2 0.1 0.6 0.8


southern tributary 070 01/14-070 01/2014 115 1.90 6.91 0.1 0.1 0.1 0.1 0.1 0.6 0.7







southern tributary 070 03/14-070 03/2014 102 5.20 6.86 0.1 0.1 0.1 0.1 0.1 0.6 0.8


southern tributary 070 04/14-070 04/2014 100 8.40 6.69 0.1 0.1 0.1 0.1 0.2 0.6 0.8


southern tributary 070 05/14-070 05/2014 121 9.10 6.91 0.1 0.1 0.1 0.1 0.1 0.5 0.6


southern tributary 070 06/14-070 06/2014 117 10.40 6.43 0.1 0.1 0.0 0.1 0.1 0.3 0.4


southern tributary 070 07/14-070 07/2014 126 11.80 6.31 0.0 0.0 0.1 0.0 0.0 0.3 0.4


southern tributary 070 08/14-070 08/2014 120 10.00 6.66 0.0 0.1 0.1 0.0 0.1 0.4 0.5


southern tributary 070 09/14-070 09/2014 175 10.50 6.85 0.0 0.1 0.1 0.0 0.1 0.5 0.6


southern tributary 070 10/14-070 10/2014 104 7.90 7.09 0.0 0.1 0.1 0.0 0.1 0.5 0.6


southern tributary 070 11/14-070 11/2014 185 3.10 7.01 0.0 0.1 0.1 0.0 0.1 0.6 0.7


main stream 090 10/11-090 10/2011 159 8.70 7.95 0.1 0.3 0.2 0.0 0.3 1.3 1.4


main stream 090 11/11-091 11/2011 179 5.00 7.66 0.2 0.3 0.3 0.0 0.2 1.2 1.2


main stream 090 12/11-090 12/2011 188 0.00 7.93 0.1 0.4 0.4 0.0 0.4 1.5 1.8


main stream 090 01/12-090 01/2012 210 0.60 7.61 0.1 0.4 0.4 0.0 0.4 1.6 2.0


main stream 090 02/12-090 02/2012 222 0.50 8.01 0.1 0.4 0.4 0.0 0.4 1.7 2.1


main stream 090 03/12-090 03/2012 280 2.00 8.12 0.1 0.4 0.4 0.0 0.4 1.6 2.1


main stream 090 04/12-090 04/2012 210 8.50 8.04 0.1 0.4 0.4 0.1 0.4 1.6 2.0


main stream 090 05/12-090 05/2012 176 10.30 7.83 0.1 0.3 0.3 0.1 0.3 1.2 1.5


main stream 090 06/12-090 06/2012 122 12.00 7.40 0.1 0.2 0.2 0.0 0.2 0.9 1.0


main stream 090 07/12-090 07/2012 103 9.50 6.85 0.1 0.2 0.1 0.1 0.1 0.7 0.8


main stream 090 08/12-090 08/2012 127 11.90 7.49 0.1 0.1 0.2 0.1 0.2 0.9 1.1


main stream 090 09/12-090 09/2012 137 10.90 6.58 0.1 0.1 0.2 0.1 0.2 0.9 1.2


main stream 090 10/12-090 10/2012 174 NA 6.80 0.1 0.2 0.3 0.0 0.3 1.3 1.6


main stream 090 11/12-090 11/2012 194 4.50 6.96 0.1 0.2 0.3 0.1 0.3 1.2 1.6


main stream 090 12/12-090 12/2012 214 1.80 7.86 0.2 0.3 0.4 0.1 0.4 1.4 1.9


main stream 090 02/13-090 02/2013 233 2.80 7.87 0.1 0.3 0.5 0.1 0.4 1.6 2.1


main stream 090 04/13-090 04/2013 227 10.20 7.17 0.2 0.4 0.4 0.1 0.4 1.5 1.9


main stream 090 06/13-090 06/2013 118 10.60 6.80 0.1 0.2 0.2 0.1 0.2 0.8 1.0


main stream 090 07/13-090 07/2013 120 13.30 7.08 0.1 0.1 0.1 0.1 0.1 0.6 0.8


main stream 090 08/13-090 08/2013 118 12.30 6.87 0.1 0.2 0.2 0.0 0.2 0.9 1.0


main stream 090 09/13-090 09/2013 130 8.90 7.02 0.0 0.2 0.2 0.0 0.2 0.9 1.1


main stream 090 10/13-090 10/2013 166 5.30 7.04 0.1 0.3 0.3 0.1 0.3 1.2 1.5


main stream 090 11/13-090 11/2013 194 4.50 6.91 0.1 0.3 0.4 0.1 0.3 1.4 1.7


main stream 090 12/13-090 12/2013 205 1.60 7.10 0.1 0.3 0.4 0.1 0.4 1.4 1.7


main stream 090 01/14-090 01/2014 238 0.80 7.13 0.2 0.4 0.4 0.1 0.4 1.4 1.8


main stream 090 02/14-090 02/2014 234 0.90 7.28 0.1 0.4 0.4 0.1 0.4 1.5 1.9


main stream 090 03/14-090 03/2014 233 6.80 7.31 0.2 0.4 0.4 0.1 0.4 1.5 1.9


main stream 090 04/14-090 04/2014 237 9.00 7.31 0.2 0.3 0.5 0.1 0.4 1.5 1.9


main stream 090 05/14-090 05/2014 199 13.30 6.86 0.3 0.3 0.3 0.1 0.3 1.3 1.4


main stream 090 06/14-090 06/2014 112 13.00 6.61 0.1 0.1 0.1 0.1 0.2 0.8 0.9


main stream 090 07/14-090 07/2014 125 12.70 6.56 0.1 0.1 0.1 0.0 0.1 0.7 0.8


main stream 090 08/14-090 08/2014 130 10.10 7.37 0.0 0.2 0.2 0.0 0.2 0.9 1.0


main stream 090 09/14-090 09/2014 187 11.00 7.85 0.2 0.2 0.2 0.2 0.2 1.0 1.2


main stream 090 10/14-090 10/2014 185 9.20 7.32 0.1 0.3 0.3 0.0 0.2 1.2 1.4


main stream 090 11/14-090 11/2014 188 4.90 7.68 0.1 0.3 0.3 0.0 0.3 1.3 1.6


northern tributary 120 08/11-120 08/2011 55 9.50 7.42 0.0 0.2 0.0 0.0 0.0 0.3 0.2


northern tributary 120 10/11-120 10/2011 83 6.50 7.46 0.0 0.3 0.0 0.0 0.1 0.4 0.2


northern tributary 120 11/11-120 11/2011 94 6.60 7.36 0.0 0.3 0.0 0.0 0.1 0.7 0.6


northern tributary 120 12/11-120 12/2011 108 0.20 7.09 0.0 0.3 0.0 0.0 0.2 0.9 0.9


northern tributary 120 01/12-120 01/2012 101 1.00 8.06 0.0 0.3 0.0 0.0 0.2 0.9 0.9


northern tributary 120 02/12-120 02/2012 105 0.10 7.75 0.0 0.3 0.1 0.0 0.2 0.9 0.9







northern tributary 120 03/12-120 03/2012 107 1.20 8.70 0.0 0.2 0.1 0.0 0.2 0.9 0.9


northern tributary 120 04/12-120 04/2012 102 3.30 7.71 0.0 0.2 0.1 0.0 0.2 1.0 1.0


northern tributary 120 05/12-120 05/2012 116 4.80 7.32 0.0 0.2 0.0 0.0 0.2 0.7 0.7


northern tributary 120 06/12-120 06/2012 120 6.30 6.75 0.0 0.2 0.0 0.0 0.1 0.6 0.6


northern tributary 120 07/12-120 07/2012 200 6.50 6.09 0.0 0.2 0.0 0.0 0.1 0.5 0.4


northern tributary 120 08/12-120 08/2012 70 8.10 6.19 0.0 0.2 0.0 0.0 0.1 0.5 0.5


northern tributary 120 09/12-120 09/2012 76 9.70 6.19 0.0 0.2 0.0 0.1 0.1 0.5 0.5


northern tributary 120 10/12-120 10/2012 93 NA 6.30 0.0 0.2 0.0 0.0 0.1 0.7 0.8


northern tributary 120 11/12-120 11/2012 103 4.20 6.43 0.0 0.2 0.1 0.1 0.2 0.7 0.8


northern tributary 120 12/12-120 12/2012 230 6.10 7.24 0.0 0.2 0.1 0.1 0.2 0.8 0.9


northern tributary 120 02/13-120 02/2013 106 2.00 7.20 0.0 0.2 0.1 0.1 0.2 0.8 0.9


northern tributary 120 04/13-120 04/2013 116 7.20 7.50 0.1 0.2 0.1 0.1 0.2 0.7 0.7


northern tributary 120 06/13-120 06/2013 129 6.70 6.70 0.1 0.2 0.0 0.1 0.1 0.6 0.6


northern tributary 120 07/13-120 07/2013 100 8.80 6.50 0.0 0.2 0.0 0.1 0.1 0.4 0.4


northern tributary 120 08/13-120 08/2013 128 9.10 6.57 0.0 0.2 0.0 0.0 0.1 0.5 0.4


northern tributary 120 09/13-120 09/2013 143 7.00 6.55 0.0 0.3 0.0 0.0 0.1 0.5 0.3


northern tributary 120 10/13-120 10/2013 201 5.50 6.43 0.1 0.3 0.0 0.1 0.1 0.6 0.6


northern tributary 120 11/13-120 11/2013 100 3.90 6.60 0.1 0.2 0.1 0.2 0.2 0.8 0.8


northern tributary 120 12/13-120 12/2013 112 1.30 6.82 0.0 0.2 0.1 0.1 0.2 0.7 0.7


northern tributary 120 01/14-120 01/2014 106 0.90 6.89 0.0 0.2 0.1 0.1 0.2 0.7 0.8


northern tributary 120 02/14-120 02/2014 107 0.80 7.11 0.0 0.2 0.1 0.0 0.2 0.8 0.8


northern tributary 120 03/14-120 03/2014 109 5.20 6.93 0.1 0.2 0.1 0.1 0.2 0.8 0.8


northern tributary 120 04/14-120 04/2014 129 6.80 7.27 0.1 0.2 0.1 0.2 0.2 0.8 0.9


northern tributary 120 05/14-120 05/2014 193 7.10 6.84 0.0 0.2 0.0 0.1 0.1 0.6 0.6


northern tributary 120 06/14-120 06/2014 116 10.00 6.83 0.0 0.2 0.0 0.0 0.1 0.5 0.5


northern tributary 120 07/14-120 07/2014 130 10.90 6.89 0.0 0.2 0.0 0.0 0.1 0.4 0.4


northern tributary 120 08/14-120 08/2014 128 6.50 6.71 0.1 0.2 0.0 0.1 0.1 0.5 0.4


northern tributary 120 09/14-120 09/2014 103 8.20 6.36 0.1 0.3 0.0 0.1 0.1 0.6 0.5


northern tributary 120 10/14-120 10/2014 104 8.90 6.77 0.0 0.3 0.0 0.0 0.1 0.7 0.6


northern tributary 120 11/14-120 11/2014 160 4.00 6.87 0.0 0.2 0.0 0.0 0.2 0.7 0.7


northern tributary 130 08/11-130 08/2011 59 8.50 7.50 0.0 0.1 0.0 0.0 0.1 0.3 0.3


northern tributary 130 10/11-130 10/2011 106 6.30 7.80 0.0 0.2 0.0 0.0 0.1 0.5 0.5


northern tributary 130 11/11-130 11/2011 122 6.00 7.57 0.0 0.2 0.0 0.0 0.3 0.9 0.9


northern tributary 130 12/11-130 12/2011 129 0.10 7.76 0.0 0.2 0.0 0.0 0.3 1.0 1.1


northern tributary 130 04/12-130 04/2012 133 5.30 7.70 0.0 0.2 0.1 0.0 0.3 1.2 1.4


northern tributary 130 05/12-130 05/2012 117 5.30 7.53 0.0 0.2 0.1 0.0 0.3 0.9 1.0


northern tributary 130 06/12-130 06/2012 125 13.60 7.11 0.0 0.2 0.0 0.0 0.2 0.6 0.7


northern tributary 130 07/12-130 07/2012 105 6.30 6.50 0.0 0.2 0.0 0.0 0.1 0.5 0.5


northern tributary 130 08/12-130 08/2012 74 8.00 6.83 0.0 0.1 0.0 0.0 0.2 0.5 0.6


northern tributary 130 09/12-130 09/2012 82 9.90 6.47 0.0 0.1 0.0 0.0 0.2 0.5 0.7


northern tributary 130 10/12-130 10/2012 120 NA 6.77 0.0 0.1 0.0 0.0 0.3 0.9 1.2


northern tributary 130 11/12-130 11/2012 134 4.00 6.46 0.0 0.2 0.1 0.1 0.3 0.9 1.2


northern tributary 130 12/12-130 12/2012 104 1.70 7.59 0.0 0.2 0.1 0.1 0.4 1.0 1.3


northern tributary 130 02/13-130 02/2013 142 1.90 7.32 0.1 0.2 0.1 0.1 0.4 1.1 1.3


northern tributary 130 04/13-130 04/2013 118 9.10 5.78 0.0 0.2 0.1 0.1 0.3 0.9 1.1


northern tributary 130 06/13-130 06/2013 120 6.70 6.85 0.1 0.2 0.0 0.1 0.2 0.6 0.7


northern tributary 130 07/13-130 07/2013 101 9.40 6.24 0.0 0.1 0.0 0.1 0.1 0.5 0.5


northern tributary 130 08/13-130 08/2013 123 9.60 6.76 0.0 0.2 0.0 0.0 0.2 0.5 0.6


northern tributary 130 09/13-130 09/2013 171 6.80 6.65 0.0 0.2 0.0 0.0 0.2 0.6 0.6


northern tributary 130 10/13-130 10/2013 135 4.70 6.55 0.1 0.2 0.0 0.1 0.3 0.8 0.9







northern tributary 130 11/13-130 11/2013 147 3.40 6.83 0.1 0.2 0.1 0.1 0.3 1.0 1.2


northern tributary 130 12/13-130 12/2013 137 0.60 7.24 0.0 0.2 0.1 0.1 0.3 0.9 1.1


northern tributary 130 05/14-130 05/2014 113 8.10 7.32 0.1 0.2 0.0 0.1 0.2 0.7 0.9


northern tributary 130 06/14-130 06/2014 111 7.60 6.82 0.0 0.1 0.0 0.0 0.2 0.5 0.6


northern tributary 130 07/14-130 07/2014 125 9.20 6.82 0.0 0.1 0.0 0.0 0.1 0.5 0.5


northern tributary 130 08/14-130 08/2014 132 7.50 7.05 0.0 0.2 0.0 0.0 0.2 0.6 0.6


northern tributary 130 09/14-130 09/2014 103 8.80 6.72 0.0 0.2 0.0 0.0 0.2 0.6 0.7


northern tributary 130 10/14-130 10/2014 145 8.60 7.18 0.0 0.2 0.0 0.0 0.3 0.8 1.0


northern tributary 130 11/14-130 11/2014 123 3.60 6.89 0.0 0.2 0.0 0.0 0.3 0.9 1.0


main stream 140 10/11-140 10/2011 169 7.30 7.80 0.1 0.4 0.3 0.0 0.3 1.5 1.6


main stream 140 11/11-140 11/2011 189 6.00 7.69 0.1 0.4 0.3 0.0 0.3 1.2 1.4


main stream 140 12/11-140 12/2011 212 0.20 7.26 0.1 0.4 0.4 0.0 0.4 1.5 1.9


main stream 140 01/12-140 01/2012 130 0.00 7.44 0.1 0.4 0.4 0.0 0.4 1.7 2.1


main stream 140 02/12-140 02/2012 184 0.10 7.82 0.1 0.4 0.4 0.0 0.4 1.6 2.1


main stream 140 03/12-140 03/2012 240 1.90 7.90 0.1 0.4 0.5 0.1 0.5 1.8 2.3


main stream 140 04/12-140 04/2012 220 8.30 7.66 0.1 0.4 0.5 0.1 0.4 1.7 2.1


main stream 140 05/12-140 05/2012 193 12.10 7.65 0.1 0.4 0.4 0.1 0.3 1.3 1.6


main stream 140 06/12-140 06/2012 125 13.60 7.10 0.1 0.2 0.2 0.0 0.2 1.0 1.1


main stream 140 07/12-140 07/2012 105 8.40 5.98 0.0 0.2 0.1 0.0 0.1 0.7 0.8


main stream 140 08/12-140 08/2012 125 12.00 6.44 0.0 0.1 0.2 0.0 0.2 0.9 1.2


main stream 140 09/12-140 09/2012 139 9.40 6.57 0.0 0.1 0.2 0.1 0.2 1.0 1.3


main stream 140 10/12-140 10/2012 183 NA 7.27 0.1 0.2 0.3 0.0 0.3 1.3 1.7


main stream 140 11/12-140 11/2012 199 4.30 5.73 0.1 0.3 0.3 0.1 0.3 1.3 1.7


main stream 140 12/12-140 12/2012 150 1.00 7.62 0.1 0.3 0.4 0.1 0.4 1.5 2.0


main stream 140 02/13-140 02/2013 235 2.60 7.62 0.1 0.3 0.5 0.1 0.5 1.6 2.1


main stream 140 04/13-140 04/2013 225 10.00 7.75 0.1 0.4 0.5 0.1 0.4 1.6 2.0


main stream 140 06/13-140 06/2013 118 9.40 6.94 0.0 0.2 0.2 0.0 0.2 0.9 1.0


main stream 140 07/13-140 07/2013 110 13.00 6.82 0.0 0.1 0.1 0.0 0.1 0.7 0.8


main stream 140 08/13-140 08/2013 125 12.80 6.94 0.0 0.2 0.2 0.0 0.2 0.9 1.1


main stream 140 09/13-140 09/2013 173 8.60 6.99 0.0 0.2 0.2 0.0 0.2 0.9 1.1


main stream 140 10/13-140 10/2013 199 5.30 6.86 0.2 0.3 0.3 0.1 0.3 1.2 1.5


main stream 140 11/13-140 11/2013 298 3.50 7.30 0.1 0.3 0.4 0.1 0.3 1.5 1.8


main stream 140 12/13-140 12/2013 235 0.90 7.17 0.1 0.4 0.4 0.1 0.4 1.4 1.8


main stream 140 01/14-140 01/2014 115 0.00 7.17 0.1 0.4 0.5 0.1 0.4 1.5 2.0


main stream 140 02/14-140 02/2014 240 0.60 7.28 0.1 0.4 0.5 0.1 0.4 1.5 2.0


main stream 140 03/14-140 03/2014 237 5.70 7.05 0.1 0.4 0.5 0.1 0.4 1.6 2.0


main stream 140 04/14-140 04/2014 245 9.10 8.05 0.2 0.4 0.5 0.1 0.4 1.6 2.0


main stream 140 05/14-140 05/2014 199 13.20 7.28 0.4 0.3 0.3 0.3 0.3 1.3 1.6


main stream 140 06/14-140 06/2014 115 14.70 6.73 0.0 0.2 0.1 0.0 0.2 0.8 1.0


main stream 140 07/14-140 07/2014 120 13.60 7.10 0.0 0.1 0.1 0.0 0.1 0.8 0.9


main stream 140 08/14-140 08/2014 135 9.70 6.85 0.1 0.2 0.2 0.1 0.2 0.9 1.0


main stream 140 09/14-140 09/2014 149 11.00 6.84 0.1 0.2 0.2 0.1 0.2 1.0 1.2


main stream 140 10/14-140 10/2014 178 9.90 7.60 0.1 0.3 0.3 0.0 0.3 1.2 1.5


main stream 140 11/14-140 11/2014 197 3.70 7.51 0.1 0.3 0.4 0.0 0.3 1.4 1.6


southern tributary 160 08/11-160 08/2011 99 10.90 7.81 0.0 0.4 0.0 0.1 0.4 0.6 0.7


southern tributary 160 10/11-160 10/2011 209 7.40 8.19 0.1 1.0 0.2 0.0 0.1 1.3 0.4


southern tributary 160 11/11-160 11/2011 223 2.10 7.84 0.2 1.2 0.2 0.1 0.1 1.8 0.9


southern tributary 160 12/11-160 12/2011 240 0.20 7.70 0.2 1.1 0.3 0.1 0.2 2.0 1.2


southern tributary 160 01/12-160 01/2012 259 0.00 8.24 0.2 0.8 0.3 0.1 0.1 2.0 1.5


southern tributary 160 04/12-160 04/2012 250 5.00 7.65 0.5 0.9 0.5 0.1 0.2 1.8 1.2







southern tributary 160 05/12-160 05/2012 264 8.90 7.53 0.6 0.9 0.6 0.1 0.2 1.7 1.1


southern tributary 160 06/12-160 06/2012 140 10.30 7.40 0.2 0.5 0.2 0.1 0.1 1.0 0.7


southern tributary 160 07/12-160 07/2012 130 5.80 6.68 0.1 0.6 0.1 0.0 0.1 0.9 0.5


southern tributary 160 08/12-160 08/2012 85 11.00 6.25 0.0 0.2 0.1 0.0 0.1 0.6 0.5


southern tributary 160 09/12-160 09/2012 171 7.60 6.57 0.1 0.7 0.1 0.1 0.1 1.3 0.9


southern tributary 160 10/12-160 10/2012 216 NA 6.73 0.1 1.0 0.2 0.1 0.2 1.8 1.2


southern tributary 160 11/12-160 11/2012 248 2.70 6.22 0.2 1.1 0.3 0.1 0.2 1.8 1.0


southern tributary 160 12/12-160 12/2012 268 1.20 7.73 0.4 1.0 0.4 0.1 0.2 2.0 1.3


southern tributary 160 04/13-160 04/2013 283 11.20 7.53 0.7 1.0 0.6 0.1 0.2 1.9 1.2


southern tributary 160 06/13-160 06/2013 176 9.50 6.56 0.2 0.7 0.2 0.1 0.1 1.3 0.8


southern tributary 160 07/13-160 07/2013 102 12.00 6.37 0.1 0.3 0.1 0.1 0.1 0.6 0.4


southern tributary 160 08/13-160 08/2013 133 13.50 6.56 0.1 0.3 0.1 0.0 0.1 0.6 0.4


southern tributary 160 09/13-160 09/2013 210 7.40 7.31 0.2 0.8 0.3 0.1 0.2 1.4 0.9


southern tributary 160 10/13-160 10/2013 274 2.80 6.82 0.5 1.1 0.4 0.2 0.2 1.9 1.2


southern tributary 160 11/13-160 11/2013 195 4.70 6.85 0.7 1.0 0.7 0.1 0.2 2.1 1.5


southern tributary 160 12/13-160 12/2013 315 1.30 7.13 0.8 1.0 0.7 0.2 0.2 1.9 1.3


southern tributary 160 02/14-160 02/2014 326 0.70 6.86 0.8 1.0 0.8 0.2 0.2 1.9 1.2


southern tributary 160 03/14-160 03/2014 233 5.00 7.60 0.8 1.0 0.8 0.2 0.2 2.0 1.3


southern tributary 160 04/14-160 04/2014 335 9.20 7.04 0.9 1.0 0.9 0.2 0.2 2.0 1.4


southern tributary 160 05/14-160 05/2014 236 11.80 6.85 0.4 0.9 0.5 0.1 0.2 1.6 1.1


southern tributary 160 06/14-160 06/2014 127 12.80 6.66 0.1 0.4 0.1 0.1 0.1 0.9 0.6


southern tributary 160 07/14-160 07/2014 109 10.90 6.61 0.0 0.3 0.1 0.0 0.1 0.7 0.5


southern tributary 160 08/14-160 08/2014 113 8.00 6.83 0.0 0.4 0.1 0.0 0.1 0.7 0.5


southern tributary 160 09/14-160 09/2014 105 8.00 6.53 0.0 0.4 0.1 0.0 0.1 0.7 0.4


southern tributary 160 10/14-160 10/2014 247 8.10 7.16 0.2 1.1 0.3 0.1 0.2 1.9 1.1


southern tributary 160 11/14-160 11/2014 279 3.40 6.83 0.5 1.1 0.5 0.1 0.2 1.9 1.2


main stream 170 10/11-170 10/2011 164 7.40 8.11 0.0 0.3 0.2 0.0 0.2 0.9 1.0


main stream 170 11/11-170 11/2011 184 5.50 7.64 0.1 0.4 0.3 0.0 0.2 1.2 1.3


main stream 170 12/11-170 12/2011 213 0.20 7.93 0.1 0.4 0.4 0.1 0.5 1.6 2.0


main stream 170 01/12-170 01/2012 132 0.40 8.04 0.0 0.4 0.4 0.0 0.4 1.6 2.0


main stream 170 02/12-170 02/2012 221 1.30 7.98 0.1 0.4 0.5 0.0 0.5 1.6 2.0


main stream 170 04/12-170 04/2012 220 8.80 7.61 0.1 0.4 0.5 0.1 0.4 1.7 2.2


main stream 170 05/12-170 05/2012 189 12.10 7.40 0.1 0.4 0.3 0.0 0.3 1.3 1.5


main stream 170 06/12-170 06/2012 129 12.10 7.27 0.1 0.2 0.2 0.0 0.2 0.9 1.1


main stream 170 07/12-170 07/2012 101 7.90 7.00 0.0 0.2 0.1 0.0 0.1 0.7 0.8


main stream 170 08/12-170 08/2012 124 11.40 7.07 0.0 0.1 0.2 0.1 0.2 0.9 1.1


main stream 170 09/12-170 09/2012 141 11.80 6.72 0.0 0.1 0.2 0.0 0.2 1.0 1.2


main stream 170 10/12-170 10/2012 181 NA 6.88 0.0 0.2 0.3 0.0 0.3 1.3 1.7


main stream 170 11/12-170 11/2012 200 4.20 6.57 0.1 0.3 0.4 0.1 0.3 1.3 1.7


main stream 170 12/12-170 12/2012 224 1.50 7.56 0.1 0.3 0.4 0.1 0.4 1.5 2.0


main stream 170 02/13-170 02/2013 237 3.00 7.63 0.1 0.3 0.5 0.1 0.5 1.6 2.2


main stream 170 04/13-170 04/2013 120 9.60 7.18 0.0 0.2 0.1 0.1 0.3 0.9 1.0


main stream 170 06/13-170 06/2013 117 8.70 6.75 0.1 0.2 0.2 0.1 0.2 0.9 1.1


main stream 170 07/13-170 07/2013 105 13.50 6.47 0.1 0.1 0.1 0.1 0.1 0.7 0.8


main stream 170 08/13-170 08/2013 123 13.40 7.20 0.1 0.2 0.2 0.1 0.2 0.9 1.0


main stream 170 09/13-170 09/2013 138 8.90 7.15 0.0 0.2 0.2 0.0 0.2 0.9 1.1


main stream 170 10/13-170 10/2013 176 4.40 6.86 0.2 0.3 0.3 0.2 0.3 1.2 1.4


main stream 170 11/13-170 11/2013 120 4.10 6.99 0.1 0.3 0.4 0.1 0.3 1.5 1.8


main stream 170 12/13-170 12/2013 252 0.60 7.29 0.1 0.4 0.4 0.1 0.4 1.4 1.8


main stream 170 01/14-170 01/2014 244 0.40 7.27 0.1 0.4 0.4 0.1 0.4 1.5 1.9







main stream 170 02/14-170 02/2014 246 0.90 7.44 0.2 0.4 0.5 0.1 0.4 1.5 2.0


main stream 170 03/14-170 03/2014 128 4.30 7.22 0.1 0.4 0.5 0.1 0.4 1.5 2.0


main stream 170 04/14-170 04/2014 243 8.60 7.47 0.1 0.4 0.5 0.1 0.4 1.6 2.1


main stream 170 05/14-170 05/2014 196 12.20 7.02 0.1 0.3 0.4 0.1 0.3 1.3 1.6


main stream 170 06/14-170 06/2014 120 12.70 7.32 0.0 0.2 0.1 0.1 0.2 0.8 1.0


main stream 170 07/14-170 07/2014 120 12.10 7.15 0.0 0.1 0.1 0.0 0.1 0.8 0.9


main stream 170 08/14-170 08/2014 131 10.00 7.31 0.1 0.2 0.2 0.1 0.1 0.8 1.0


main stream 170 09/14-170 09/2014 164 10.60 7.64 0.1 0.2 0.2 0.1 0.2 1.0 1.2


main stream 170 10/14-170 10/2014 189 7.80 7.31 0.1 0.3 0.3 0.0 0.3 1.2 1.5


main stream 170 11/14-170 11/2014 197 3.40 6.96 0.1 0.3 0.4 0.1 0.3 1.4 1.6


northern tributary 180 08/11-180 08/2011 78 9.50 7.91 0.0 0.2 0.0 0.0 0.2 0.5 0.5


northern tributary 180 10/11-180 10/2011 110 8.90 8.12 0.0 0.3 0.0 0.0 0.2 0.6 0.6


northern tributary 180 11/11-180 11/2011 118 2.80 7.90 0.0 0.3 0.1 0.0 0.2 0.7 0.7


northern tributary 180 12/11-180 12/2011 128 0.20 7.55 0.0 0.3 0.1 0.0 0.3 1.0 1.1


northern tributary 180 01/12-180 01/2012 130 0.60 7.43 0.0 0.3 0.1 0.0 0.3 1.0 1.1


northern tributary 180 04/12-180 04/2012 124 4.60 7.62 0.0 0.2 0.1 0.0 0.3 1.1 1.3


northern tributary 180 05/12-180 05/2012 119 7.30 7.10 0.0 0.2 0.1 0.0 0.2 0.8 0.9


northern tributary 180 06/12-180 06/2012 104 7.00 6.85 0.0 0.2 0.0 0.0 0.2 0.8 0.8


northern tributary 180 07/12-180 07/2012 125 7.20 6.26 0.0 0.2 0.0 0.1 0.2 0.6 0.7


northern tributary 180 08/12-180 08/2012 93 9.00 6.66 0.0 0.2 0.0 0.0 0.2 0.6 0.8


northern tributary 180 09/12-180 09/2012 NA 8.30 5.50 0.0 0.1 0.0 0.0 0.2 0.6 0.7


northern tributary 180 10/12-180 10/2012 116 NA 6.69 0.0 0.2 0.1 0.0 0.3 0.9 1.0


northern tributary 180 11/12-180 11/2012 122 4.10 6.52 0.0 0.2 0.1 0.1 0.3 0.8 1.0


northern tributary 180 12/12-180 12/2012 133 1.90 7.56 0.0 0.2 0.1 0.1 0.3 1.0 1.1


northern tributary 180 04/13-180 04/2013 228 11.00 7.91 0.1 0.4 0.4 0.1 0.4 1.5 1.9


northern tributary 180 06/13-180 06/2013 104 7.20 6.84 0.1 0.2 0.0 0.1 0.2 0.7 0.8


northern tributary 180 07/13-180 07/2013 102 10.50 6.61 0.0 0.2 0.0 0.0 0.2 0.6 0.6


northern tributary 180 08/13-180 08/2013 106 10.70 7.30 0.1 0.2 0.0 0.1 0.2 0.6 0.7


northern tributary 180 09/13-180 09/2013 104 6.80 6.92 0.0 0.2 0.0 0.0 0.2 0.6 0.7


northern tributary 180 11/13-180 11/2013 132 3.40 7.12 0.0 0.3 0.1 0.0 0.3 0.9 1.1


northern tributary 180 12/13-180 12/2013 155 1.60 6.83 0.1 0.3 0.1 0.1 0.3 0.9 1.0


northern tributary 180 01/14-180 01/2014 133 1.40 6.89 0.0 0.3 0.1 0.1 0.3 0.9 1.0


northern tributary 180 02/14-180 02/2014 140 0.90 6.71 0.0 0.3 0.1 0.1 0.3 0.9 1.1


northern tributary 180 03/14-180 03/2014 125 6.10 6.96 0.1 0.2 0.1 0.1 0.3 0.9 1.1


northern tributary 180 04/14-180 04/2014 129 8.60 6.87 0.0 0.2 0.1 0.0 0.3 1.0 1.2


northern tributary 180 05/14-180 05/2014 123 9.40 7.15 0.1 0.2 0.0 0.1 0.3 0.8 0.9


northern tributary 180 06/14-180 06/2014 105 9.70 6.63 0.0 0.2 0.0 0.0 0.2 0.7 0.8


northern tributary 180 07/14-180 07/2014 150 9.60 6.60 0.0 0.2 0.0 0.0 0.2 0.6 0.7


northern tributary 180 08/14-180 08/2014 102 10.10 6.71 0.1 0.2 0.0 0.1 0.2 0.6 0.7


northern tributary 180 09/14-180 09/2014 104 9.10 6.96 0.1 0.2 0.0 0.1 0.2 0.7 0.8


northern tributary 180 10/14-180 10/2014 143 8.60 6.82 0.0 0.3 0.0 0.1 0.3 0.8 0.9


northern tributary 180 11/14-180 11/2014 127 4.00 6.84 0.0 0.3 0.1 0.0 0.3 0.9 1.0


northern tributary 190 08/11-190 08/2011 77 7.60 7.55 0.0 0.1 0.0 0.0 0.1 0.5 0.5


northern tributary 190 10/11-190 10/2011 112 7.60 8.13 0.0 0.2 0.0 0.0 0.2 0.7 0.6


northern tributary 190 11/11-190 11/2011 122 6.70 6.33 0.0 0.3 0.0 0.0 0.2 0.9 0.9


northern tributary 190 12/11-190 12/2011 116 0.20 7.44 0.0 0.3 0.0 0.0 0.2 1.0 1.1


northern tributary 190 01/12-190 01/2012 121 0.00 7.71 0.0 0.3 0.0 0.0 0.3 1.2 1.2


northern tributary 190 04/12-190 04/2012 110 6.90 7.52 0.0 0.2 0.1 0.0 0.2 1.0 1.1


northern tributary 190 05/12-190 05/2012 104 8.60 7.28 0.0 0.2 0.1 0.0 0.2 0.8 0.9


northern tributary 190 06/12-190 06/2012 101 7.80 7.02 0.0 0.2 0.0 0.0 0.2 0.8 0.9







northern tributary 190 07/12-190 07/2012 105 8.20 6.63 0.0 0.1 0.0 0.0 0.0 0.5 0.5


northern tributary 190 08/12-190 08/2012 95 8.10 6.67 0.0 0.1 0.0 0.0 0.2 0.7 0.8


northern tributary 190 09/12-190 09/2012 65 7.00 6.50 0.0 0.1 0.0 0.0 0.2 0.7 0.8


northern tributary 190 10/12-190 10/2012 82 NA 6.77 0.0 0.2 0.0 0.0 0.3 1.0 1.1


northern tributary 190 11/12-190 11/2012 136 6.50 6.75 0.1 0.2 0.1 0.1 0.2 0.9 1.1


northern tributary 190 12/12-190 12/2012 136 1.90 7.61 0.0 0.2 0.1 0.0 0.3 1.0 1.1


northern tributary 190 04/13-190 04/2013 105 13.60 7.17 0.0 0.2 0.1 0.0 0.2 0.9 0.9


northern tributary 190 06/13-190 06/2013 176 6.50 6.79 0.1 0.1 0.0 0.1 0.2 0.8 0.9


northern tributary 190 07/13-190 07/2013 190 10.30 7.05 0.0 0.1 0.0 0.0 0.2 0.6 0.7


northern tributary 190 08/13-190 08/2013 120 8.20 6.50 0.0 0.2 0.1 0.0 0.2 0.7 0.8


northern tributary 190 09/13-190 09/2013 114 6.90 6.96 0.0 0.2 0.0 0.0 0.2 0.7 0.8


northern tributary 190 10/13-190 10/2013 119 7.80 6.54 0.1 0.2 0.0 0.1 0.3 0.9 0.9


northern tributary 190 11/13-190 11/2013 125 6.20 7.01 0.0 0.3 0.1 0.0 0.3 1.0 1.1


northern tributary 190 12/13-190 12/2013 130 1.20 7.53 0.1 0.3 0.1 0.1 0.2 0.9 1.0


northern tributary 190 01/14-190 01/2014 131 1.00 7.42 0.0 0.3 0.1 0.1 0.2 0.9 1.0


northern tributary 190 02/14-190 02/2014 125 2.70 7.01 0.0 0.3 0.1 0.0 0.2 0.9 1.0


northern tributary 190 03/14-190 03/2014 101 4.60 7.09 0.0 0.3 0.1 0.0 0.2 1.0 1.0


northern tributary 190 04/14-190 04/2014 133 11.20 6.89 0.0 0.3 0.1 0.1 0.2 1.1 1.1


northern tributary 190 05/14-190 05/2014 109 7.90 7.20 0.1 0.1 0.0 0.1 0.2 0.8 0.9


northern tributary 190 06/14-190 06/2014 111 7.80 7.01 0.0 0.1 0.0 0.0 0.2 0.8 0.9


northern tributary 190 07/14-190 07/2014 101 13.80 7.34 0.0 0.1 0.0 0.0 0.2 0.7 0.8


northern tributary 190 08/14-190 08/2014 102 7.20 7.66 0.0 0.2 0.0 0.0 0.2 0.7 0.8


northern tributary 190 09/14-190 09/2014 102 8.00 7.35 0.0 0.2 0.0 0.0 0.2 0.7 0.8


northern tributary 190 10/14-190 10/2014 133 8.30 7.20 0.0 0.3 0.0 0.0 0.2 0.9 0.9


northern tributary 190 11/14-190 11/2014 128 4.90 7.30 0.0 0.2 0.0 0.0 0.2 1.0 1.0


northern tributary 200 08/11-200 08/2011 47 9.50 7.55 0.0 0.0 0.0 0.0 0.1 0.3 0.4


northern tributary 200 10/11-200 10/2011 68 7.70 7.98 0.0 0.1 0.0 0.0 0.0 0.4 0.4


northern tributary 200 11/11-200 11/2011 87 5.20 6.48 0.0 0.1 0.1 0.0 0.0 0.7 0.7


northern tributary 200 12/11-200 12/2011 118 0.20 7.46 0.0 0.1 0.1 0.0 0.1 0.8 0.9


northern tributary 200 01/12-200 01/2012 125 0.10 8.22 0.0 0.1 0.1 0.0 0.1 0.8 0.9


northern tributary 200 02/12-200 02/2012 106 0.80 7.84 0.0 0.1 0.1 0.0 0.1 0.9 1.0


northern tributary 200 03/12-200 03/2012 101 1.20 8.77 0.0 0.1 0.1 0.0 0.1 0.9 1.0


northern tributary 200 04/12-200 04/2012 110 6.20 7.56 0.0 0.1 0.1 0.0 0.1 0.9 1.0


northern tributary 200 05/12-200 05/2012 101 10.90 7.10 0.0 0.1 0.1 0.0 0.1 0.7 0.8


northern tributary 200 06/12-200 06/2012 105 11.40 6.82 0.0 0.1 0.0 0.0 0.1 0.6 0.7


northern tributary 200 07/12-200 07/2012 107 7.00 6.50 0.0 0.2 0.0 0.0 0.2 0.7 0.8


northern tributary 200 08/12-200 08/2012 56 10.70 6.34 0.0 0.0 0.0 0.0 0.0 0.5 0.5


northern tributary 200 09/12-200 09/2012 96 8.20 6.43 0.0 0.0 0.0 0.1 0.0 0.5 0.6


northern tributary 200 10/12-200 10/2012 121 NA 6.33 0.0 0.1 0.1 0.0 0.1 0.7 0.8


northern tributary 200 11/12-200 11/2012 137 4.60 6.46 0.0 0.1 0.1 0.1 0.1 0.7 0.8


northern tributary 200 12/12-200 12/2012 101 1.70 7.60 0.0 0.1 0.1 0.0 0.1 0.8 0.9


northern tributary 200 02/13-200 02/2013 250 2.60 7.27 0.1 0.1 0.1 0.1 0.1 0.6 0.7


northern tributary 200 04/13-200 04/2013 225 11.20 7.80 0.0 0.1 0.1 0.0 0.1 0.7 0.8


northern tributary 200 06/13-200 06/2013 105 7.30 6.74 0.1 0.0 0.0 0.1 0.0 0.5 0.6


northern tributary 200 07/13-200 07/2013 123 13.10 7.01 0.1 0.0 0.0 0.1 0.0 0.4 0.5


northern tributary 200 08/13-200 08/2013 126 10.40 6.47 0.0 0.1 0.0 0.0 0.0 0.5 0.5


northern tributary 200 09/13-200 09/2013 172 7.50 6.82 0.0 0.0 0.0 0.0 0.0 0.4 0.5


northern tributary 200 10/13-200 10/2013 180 7.60 6.84 0.1 0.1 0.1 0.1 0.1 0.6 0.6


northern tributary 200 11/13-200 11/2013 125 4.80 6.55 0.0 0.1 0.1 0.0 0.1 0.8 0.8


northern tributary 200 12/13-200 12/2013 107 0.20 6.91 0.2 0.1 0.1 0.2 0.1 0.7 0.8







northern tributary 200 01/14-200 01/2014 102 0.70 6.87 0.0 0.1 0.1 0.0 0.1 0.7 0.8


northern tributary 200 03/14-200 03/2014 229 6.70 7.29 0.0 0.1 0.1 0.1 0.1 0.8 0.9


northern tributary 200 04/14-200 04/2014 104 7.70 6.74 0.0 0.1 0.1 0.1 0.1 0.8 0.9


northern tributary 200 05/14-200 05/2014 219 13.00 6.98 0.0 0.1 0.1 0.1 0.1 0.6 0.7


northern tributary 200 06/14-200 06/2014 110 12.20 7.05 0.0 0.1 0.0 0.1 0.0 0.5 0.6


northern tributary 200 07/14-200 07/2014 109 10.00 6.83 0.0 0.0 0.0 0.0 0.0 0.4 0.4


northern tributary 200 08/14-200 08/2014 105 8.60 7.00 0.1 0.0 0.0 0.1 0.0 0.4 0.5


northern tributary 200 09/14-200 09/2014 148 12.00 6.92 0.0 0.0 0.0 0.0 0.0 0.4 0.5


northern tributary 200 10/14-200 10/2014 110 8.20 7.50 0.1 0.1 0.1 0.1 0.1 0.7 0.7


northern tributary 200 11/14-200 11/2014 107 3.20 7.18 0.0 0.1 0.1 0.0 0.1 0.7 0.8


main stream 210 10/11-210 10/2011 167 7.70 7.85 0.0 0.3 0.3 0.0 0.2 0.9 1.1


main stream 210 11/11-210 11/2011 192 6.30 6.69 0.1 0.4 0.3 0.0 0.3 1.4 1.6


main stream 210 12/11-210 12/2011 210 0.40 7.79 0.1 0.4 0.4 0.0 0.4 1.6 1.9


main stream 210 01/12-210 01/2012 220 1.10 8.27 0.1 0.5 0.4 0.0 0.5 1.7 2.0


main stream 210 02/12-210 02/2012 213 1.20 7.89 0.1 0.5 0.5 0.0 0.5 1.7 2.2


main stream 210 03/12-210 03/2012 233 3.10 7.84 0.1 0.4 0.5 0.0 0.5 1.8 2.3


main stream 210 04/12-210 04/2012 220 9.80 7.47 0.1 0.4 0.5 0.1 0.4 1.7 2.1


main stream 210 05/12-210 05/2012 186 13.20 7.38 0.1 0.4 0.4 0.0 0.3 1.3 1.6


main stream 210 06/12-210 06/2012 126 12.80 7.16 0.1 0.2 0.2 0.0 0.2 0.9 1.1


main stream 210 07/12-210 07/2012 107 12.10 7.17 0.0 0.2 0.1 0.0 0.1 0.8 0.9


main stream 210 08/12-210 08/2012 131 11.70 6.86 0.0 0.1 0.2 0.1 0.2 0.9 1.2


main stream 210 09/12-210 09/2012 142 12.20 7.87 0.0 0.1 0.2 0.1 0.2 1.0 1.2


main stream 210 10/12-210 10/2012 182 NA 6.69 0.0 0.2 0.3 0.0 0.3 1.3 1.7


main stream 210 11/12-210 11/2012 199 5.10 6.90 0.1 0.3 0.3 0.1 0.3 1.3 1.7


main stream 210 12/12-210 12/2012 221 1.80 7.86 0.1 0.3 0.4 0.1 0.4 1.6 2.1


main stream 210 02/13-210 02/2013 249 4.30 7.69 0.2 0.3 0.5 0.2 0.5 1.6 2.2


main stream 210 04/13-210 04/2013 223 8.90 6.80 0.2 0.4 0.4 0.1 0.4 1.5 1.9


main stream 210 06/13-210 06/2013 122 8.00 7.23 0.3 0.2 0.2 0.2 0.2 0.9 0.9


main stream 210 07/13-210 07/2013 132 13.20 6.54 0.1 0.1 0.1 0.1 0.1 0.7 0.9


main stream 210 08/13-210 08/2013 127 12.60 7.00 0.1 0.2 0.2 0.1 0.2 0.9 1.0


main stream 210 09/13-210 09/2013 196 9.80 7.33 0.0 0.2 0.2 0.0 0.2 0.9 1.1


main stream 210 10/13-210 10/2013 169 7.60 6.79 0.1 0.3 0.3 0.1 0.3 1.2 1.5


main stream 210 11/13-210 11/2013 198 4.60 7.33 0.1 0.3 0.4 0.1 0.3 1.5 1.9


main stream 210 12/13-210 12/2013 219 1.00 7.11 0.1 0.4 0.4 0.1 0.4 1.4 1.8


main stream 210 01/14-210 01/2014 237 0.30 7.46 0.1 0.4 0.5 0.1 0.4 1.5 1.9


main stream 210 02/14-210 02/2014 240 1.90 7.07 0.4 0.4 0.4 0.3 0.4 1.5 1.9


main stream 210 03/14-210 03/2014 106 3.40 6.64 0.2 0.4 0.5 0.1 0.4 1.5 2.0


main stream 210 04/14-210 04/2014 245 9.20 7.82 0.2 0.4 0.5 0.1 0.4 1.6 2.1


main stream 210 05/14-210 05/2014 225 12.80 6.78 0.0 0.2 0.1 0.1 0.1 0.5 0.6


main stream 210 06/14-210 06/2014 132 13.20 7.00 0.2 0.2 0.2 0.2 0.2 0.9 1.0


main stream 210 07/14-210 07/2014 127 12.50 7.28 0.0 0.1 0.1 0.0 0.1 0.8 0.9


main stream 210 08/14-210 08/2014 134 10.90 7.29 0.1 0.2 0.2 0.1 0.2 0.9 1.0


main stream 210 09/14-210 09/2014 146 12.10 7.45 0.0 0.2 0.2 0.0 0.2 1.0 1.2


main stream 210 10/14-210 10/2014 191 8.00 7.55 0.1 0.3 0.3 0.0 0.3 1.2 1.5


main stream 210 11/14-210 11/2014 204 3.50 NA 0.1 0.3 0.4 0.0 0.3 1.4 1.7


northern tributary 230 08/11-230 08/2011 59 8.70 7.72 0.0 0.1 0.1 0.1 0.3 0.6 1.0


northern tributary 230 10/11-230 10/2011 77 7.00 8.00 0.0 0.1 0.1 0.0 0.0 0.5 0.5


northern tributary 230 11/11-230 11/2011 92 5.20 7.06 0.0 0.2 0.1 0.0 0.0 0.6 0.6


northern tributary 230 12/11-230 12/2011 93 0.20 7.34 0.0 0.2 0.1 0.1 0.1 0.8 0.9


northern tributary 230 01/12-230 01/2012 114 0.70 7.63 0.0 0.2 0.1 0.0 0.2 1.0 1.0







northern tributary 230 04/12-230 04/2012 110 9.00 7.14 0.1 0.2 0.1 0.1 0.1 0.8 0.9


northern tributary 230 05/12-230 05/2012 104 12.30 7.00 0.0 0.2 0.1 0.0 0.1 0.8 0.8


northern tributary 230 06/12-230 06/2012 110 11.20 7.05 0.0 0.1 0.1 0.0 0.1 0.6 0.7


northern tributary 230 07/12-230 07/2012 130 10.90 6.85 0.0 0.1 0.1 0.0 0.1 0.5 0.6


northern tributary 230 08/12-230 08/2012 67 10.10 6.45 0.0 0.0 0.0 0.1 0.0 0.5 0.6


northern tributary 230 09/12-230 09/2012 69 8.70 6.43 0.0 0.0 0.0 0.0 0.0 0.5 0.6


northern tributary 230 10/12-230 10/2012 84 NA 6.81 0.0 0.1 0.1 0.0 0.1 0.7 0.7


northern tributary 230 11/12-230 11/2012 19 4.20 6.57 0.0 0.1 0.1 0.1 0.1 0.7 0.8


northern tributary 230 12/12-230 12/2012 110 2.30 7.45 0.0 0.1 0.1 0.1 0.1 0.8 0.9


northern tributary 230 02/13-230 02/2013 110 2.80 7.51 0.1 0.2 0.1 0.1 0.1 0.8 0.9


northern tributary 230 04/13-230 04/2013 118 11.40 7.17 0.1 0.2 0.1 0.1 0.1 0.8 0.9


northern tributary 230 06/13-230 06/2013 107 5.80 6.91 0.3 0.1 0.1 0.3 0.1 0.6 0.6


northern tributary 230 07/13-230 07/2013 113 13.00 6.80 0.1 0.1 0.0 0.1 0.0 0.5 0.6


northern tributary 230 08/13-230 08/2013 107 11.60 7.19 0.1 0.1 0.0 0.1 0.1 0.5 0.6


northern tributary 230 09/13-230 09/2013 109 8.00 6.76 0.0 0.1 0.1 0.0 0.1 0.5 0.5


northern tributary 230 10/13-230 10/2013 103 7.40 6.66 0.0 0.1 0.1 0.1 0.1 0.6 0.7


northern tributary 230 11/13-230 11/2013 109 4.70 7.05 0.0 0.1 0.1 0.0 0.1 0.7 0.7


northern tributary 230 01/14-230 01/2014 121 1.50 6.16 0.1 0.2 0.1 0.1 0.1 0.7 0.8


northern tributary 230 02/14-230 02/2014 180 1.50 6.80 0.1 0.2 0.1 0.1 0.1 0.7 0.8


northern tributary 230 03/14-230 03/2014 107 5.30 5.85 0.1 0.2 0.1 0.1 0.1 0.8 0.8


northern tributary 230 04/14-230 04/2014 103 9.30 6.78 0.1 0.2 0.1 0.1 0.1 0.9 0.9


northern tributary 230 05/14-230 05/2014 102 13.50 7.11 0.1 0.2 0.1 0.1 0.1 0.8 0.9


northern tributary 230 06/14-230 06/2014 110 12.20 6.87 0.0 0.1 0.0 0.1 0.1 0.6 0.6


northern tributary 230 07/14-230 07/2014 110 11.00 6.98 0.0 0.1 0.0 0.0 0.0 0.5 0.5


northern tributary 230 08/14-230 08/2014 105 10.00 6.85 0.0 0.1 0.0 0.0 0.0 0.5 0.5


northern tributary 230 09/14-230 09/2014 120 9.90 7.03 0.0 0.1 0.0 0.0 0.0 0.5 0.6


northern tributary 230 10/14-230 10/2014 103 4.90 6.87 0.0 0.1 0.1 0.0 0.1 0.6 0.6


northern tributary 230 11/14-230 11/2014 107 2.90 7.24 0.0 0.1 0.1 0.1 0.1 0.7 0.7


main stream 241 10/11-240 10/2011 167 7.30 8.07 0.0 0.3 0.3 0.0 0.2 0.9 1.1


main stream 241 11/11-241 11/2011 196 1.40 6.68 0.1 0.4 0.4 0.0 0.3 1.5 1.8


main stream 241 12/11-241 12/2011 223 0.30 7.83 0.0 0.4 0.4 0.0 0.4 1.6 2.0


main stream 241 01/12-241 01/2012 225 0.40 7.95 0.0 0.4 0.5 0.0 0.2 1.5 1.8


main stream 241 02/12-241 02/2012 238 1.90 7.85 0.1 0.5 0.5 0.1 0.4 1.5 1.9


main stream 241 03/12-241 03/2012 233 1.90 6.95 0.1 0.4 0.5 0.0 0.5 1.8 2.4


main stream 241 04/12-241 04/2012 223 8.30 7.14 0.1 0.4 0.5 0.0 0.4 1.5 2.0


main stream 241 05/12-241 05/2012 177 11.80 7.29 0.1 0.4 0.3 0.0 0.3 1.2 1.5


main stream 241 06/12-241 06/2012 118 12.00 7.11 0.0 0.2 0.2 0.0 0.2 0.9 1.0


main stream 241 07/12-241 07/2012 102 11.10 7.00 0.0 0.1 0.1 0.0 0.1 0.7 0.8


main stream 241 08/12-241 08/2012 141 11.40 6.20 0.1 0.1 0.2 0.2 0.2 0.9 1.2


main stream 241 09/12-241 09/2012 47 12.60 6.91 0.0 0.2 0.2 0.0 0.2 1.0 1.3


main stream 241 10/12-241 10/2012 62 NA 7.15 0.0 0.2 0.3 0.0 0.3 1.3 1.8


main stream 241 11/12-241 11/2012 205 3.30 7.28 0.1 0.3 0.4 0.1 0.3 1.3 1.7


main stream 241 12/12-241 12/2012 224 1.10 8.00 0.1 0.3 0.4 0.1 0.4 1.5 2.1


main stream 241 02/13-241 02/2013 103 3.90 7.73 0.2 0.4 0.5 0.2 0.5 1.6 2.3


main stream 241 04/13-241 04/2013 225 9.10 7.54 0.1 0.4 0.5 0.1 0.4 1.5 2.0


main stream 241 06/13-241 06/2013 133 5.80 7.22 0.2 0.2 0.2 0.2 0.2 0.8 1.0


main stream 241 08/13-241 08/2013 124 11.70 6.56 0.1 0.2 0.2 0.1 0.2 0.9 1.0


main stream 241 09/13-241 09/2013 134 10.20 7.04 0.2 0.2 0.2 0.2 0.2 0.9 1.1


main stream 241 10/13-241 10/2013 182 6.40 8.01 0.1 0.3 0.3 0.1 0.3 1.2 1.6


main stream 241 11/13-241 11/2013 264 3.00 7.24 0.1 0.4 0.4 0.0 0.4 1.5 1.9







main stream 241 12/13-241 12/2013 241 0.10 7.17 0.2 0.4 0.4 0.2 0.4 1.4 1.9


main stream 241 01/14-241 01/2014 107 0.00 7.47 0.1 0.4 0.5 0.1 0.4 1.5 2.0


main stream 241 02/14-241 02/2014 259 0.50 7.64 0.1 0.4 0.5 0.1 0.5 1.5 2.0


main stream 241 03/14-241 03/2014 255 3.30 7.14 0.2 0.4 0.5 0.2 0.5 1.6 2.1


main stream 241 04/14-241 04/2014 252 6.90 7.53 0.2 0.4 0.5 0.2 0.5 1.6 2.2


main stream 241 05/14-241 05/2014 181 12.00 6.97 0.1 0.3 0.3 0.1 0.3 1.3 1.6


main stream 241 06/14-241 06/2014 153 12.40 7.38 0.4 0.2 0.2 0.5 0.1 0.8 1.0


main stream 241 07/14-241 07/2014 120 12.40 7.18 0.0 0.1 0.1 0.0 0.1 0.8 0.9


main stream 241 08/14-241 08/2014 120 9.90 7.44 0.1 0.2 0.2 0.1 0.2 0.9 1.0


main stream 241 09/14-241 09/2014 147 10.10 7.10 0.0 0.2 0.2 0.0 0.2 1.0 1.2


main stream 241 10/14-241 10/2014 187 4.60 7.25 0.1 0.3 0.3 0.1 0.3 1.2 1.5


main stream 241 11/14-241 11/2014 202 1.30 7.53 0.1 0.4 0.4 0.1 0.4 1.4 1.8


southern tributary 250 08/11-250 08/2011 36 10.40 7.58 0.0 0.0 0.0 0.0 0.0 0.3 0.3


southern tributary 250 10/11-250 10/2011 53 6.80 7.82 0.0 0.1 0.1 0.0 0.0 0.3 0.3


southern tributary 250 11/11-250 11/2011 192 3.50 6.72 0.0 0.1 0.1 0.0 0.0 0.5 0.5


southern tributary 250 12/11-250 12/2011 65 0.30 7.12 0.0 0.1 0.1 0.0 0.1 0.5 0.6


southern tributary 250 01/12-250 01/2012 101 0.60 7.41 0.0 0.1 0.1 0.0 0.1 0.5 0.6


southern tributary 250 02/12-250 02/2012 236 0.50 7.29 0.0 0.1 0.1 0.0 0.1 0.6 0.6


southern tributary 250 03/12-250 03/2012 238 0.70 7.81 0.0 0.1 0.1 0.0 0.1 0.7 0.8


southern tributary 250 04/12-250 04/2012 140 4.10 7.15 0.2 0.1 0.1 0.2 0.1 0.6 0.7


southern tributary 250 05/12-250 05/2012 178 12.40 6.85 0.0 0.1 0.1 0.0 0.1 0.7 0.7


southern tributary 250 06/12-250 06/2012 119 12.40 6.70 0.0 0.0 0.0 0.0 0.0 0.4 0.4


southern tributary 250 07/12-250 07/2012 105 10.90 6.18 0.0 0.0 0.0 0.0 0.0 0.3 0.4


southern tributary 250 08/12-250 08/2012 52 10.40 6.71 0.0 0.0 0.0 0.1 0.0 0.4 0.5


southern tributary 250 09/12-250 09/2012 148 8.90 6.21 0.0 0.0 0.0 0.0 0.0 0.4 0.4


southern tributary 250 10/12-250 10/2012 182 NA 6.39 0.0 0.0 0.1 0.0 0.0 0.5 0.6


southern tributary 250 11/12-250 11/2012 207 1.90 6.20 0.0 0.0 0.1 0.0 0.0 0.5 0.6


southern tributary 250 12/12-250 12/2012 225 1.10 7.15 0.0 0.1 0.1 0.1 0.1 0.6 0.7


southern tributary 250 02/13-250 02/2013 100 3.20 7.38 0.0 0.1 0.2 0.1 0.1 0.8 1.0


southern tributary 250 04/13-250 04/2013 185 10.20 7.09 0.1 0.1 0.1 0.1 0.1 0.6 0.7


southern tributary 250 06/13-250 06/2013 115 5.80 7.06 0.2 0.0 0.0 0.3 0.0 0.4 0.5


southern tributary 250 07/13-250 07/2013 113 11.30 6.39 0.5 0.0 0.0 0.5 0.0 0.3 0.3


southern tributary 250 08/13-250 08/2013 147 12.50 6.36 0.5 0.0 0.0 0.5 0.0 0.4 0.4


southern tributary 250 09/13-250 09/2013 153 7.70 6.82 0.0 0.0 0.1 0.0 0.0 0.4 0.4


southern tributary 250 10/13-250 10/2013 179 4.50 6.48 0.0 0.1 0.1 0.0 0.0 0.5 0.5


southern tributary 250 11/13-250 11/2013 117 1.90 6.65 0.0 0.1 0.1 0.0 0.0 0.5 0.5


southern tributary 250 12/13-250 12/2013 101 0.50 6.70 0.2 0.1 0.1 0.3 0.0 0.5 0.5


southern tributary 250 01/14-250 01/2014 117 0.00 6.74 0.0 0.1 0.1 0.0 0.0 0.5 0.5


southern tributary 250 02/14-250 02/2014 110 0.10 6.55 0.1 0.1 0.1 0.1 0.1 0.5 0.6


southern tributary 250 03/14-250 03/2014 106 0.70 6.79 0.1 0.1 0.1 0.1 0.1 0.5 0.6


southern tributary 250 04/14-250 04/2014 122 7.80 6.96 0.1 0.1 0.1 0.1 0.1 0.6 0.7


southern tributary 250 05/14-250 05/2014 103 15.00 6.56 0.0 0.1 0.2 0.1 0.1 0.9 1.1


southern tributary 250 06/14-250 06/2014 130 12.30 6.44 0.2 0.0 0.0 0.2 0.0 0.4 0.4


southern tributary 250 07/14-250 07/2014 120 11.60 6.96 0.0 0.0 0.0 0.0 0.0 0.3 0.3


southern tributary 250 08/14-250 08/2014 133 9.40 6.77 0.0 0.0 0.0 0.1 0.0 0.3 0.3


southern tributary 250 09/14-250 09/2014 152 10.10 6.81 0.0 0.0 0.0 0.0 0.0 0.4 0.4


southern tributary 250 10/14-250 10/2014 100 2.80 6.72 0.0 0.1 0.1 0.0 0.0 0.5 0.5


southern tributary 250 11/14-250 11/2014 110 1.10 6.60 0.0 0.1 0.1 0.1 0.0 0.5 0.5


northern tributary 260 08/11-260 08/2011 67 6.60 7.77 0.0 0.1 0.0 0.0 0.1 0.6 0.7


northern tributary 260 10/11-260 10/2011 91 5.90 8.08 0.0 0.2 0.1 0.0 0.0 0.6 0.6







northern tributary 260 11/11-260 11/2011 104 2.80 6.72 0.0 0.2 0.1 0.0 0.1 1.0 1.0


northern tributary 260 12/11-260 12/2011 108 0.40 7.41 0.1 0.2 0.3 0.1 0.3 1.2 1.5


northern tributary 260 01/12-260 01/2012 111 1.50 7.27 0.0 0.3 0.0 0.0 0.1 1.2 1.1


northern tributary 260 04/12-260 04/2012 119 9.10 7.16 0.0 0.3 0.1 0.0 0.1 1.1 1.0


northern tributary 260 05/12-260 05/2012 123 12.00 7.01 0.0 0.3 0.1 0.0 0.1 1.1 1.0


northern tributary 260 06/12-260 06/2012 144 10.10 6.81 0.0 0.2 0.1 0.0 0.1 0.9 0.9


northern tributary 260 07/12-260 07/2012 105 9.60 6.59 0.0 0.1 0.1 0.0 0.1 0.7 0.7


northern tributary 260 08/12-260 08/2012 88 8.40 6.22 0.0 0.1 0.1 0.1 0.1 0.7 0.8


northern tributary 260 09/12-260 09/2012 182 8.60 6.26 0.0 0.1 0.1 0.0 0.1 0.7 0.7


northern tributary 260 10/12-260 10/2012 106 NA 6.40 0.0 0.1 0.1 0.0 0.1 0.9 1.0


northern tributary 260 11/12-260 11/2012 112 4.70 4.52 0.0 0.1 0.1 0.1 0.1 0.9 0.9


northern tributary 260 12/12-260 12/2012 115 2.00 7.37 0.0 0.2 0.1 0.1 0.1 1.0 1.0


northern tributary 260 04/13-260 04/2013 133 11.10 7.67 0.0 0.3 0.1 0.1 0.1 1.2 1.1


northern tributary 260 06/13-260 06/2013 105 5.10 6.96 0.2 0.1 0.1 0.3 0.1 0.9 0.9


northern tributary 260 07/13-260 07/2013 103 10.00 6.60 0.1 0.1 0.1 0.1 0.0 0.6 0.7


northern tributary 260 08/13-260 08/2013 117 9.60 6.40 0.1 0.1 0.1 0.1 0.1 0.7 0.7


northern tributary 260 09/13-260 09/2013 149 7.20 6.65 0.0 0.1 0.1 0.1 0.1 0.6 0.7


northern tributary 260 10/13-260 10/2013 227 5.90 6.74 0.2 0.1 0.1 0.2 0.1 0.8 0.8


northern tributary 260 11/13-260 11/2013 126 3.90 6.85 0.0 0.2 0.1 0.0 0.1 0.9 0.9


northern tributary 260 12/13-260 12/2013 116 1.20 7.05 0.1 0.2 0.1 0.1 0.1 0.9 0.9


northern tributary 260 02/14-260 02/2014 135 0.80 7.09 0.1 0.2 0.1 0.1 0.1 0.9 0.9


northern tributary 260 03/14-260 03/2014 118 2.90 7.10 0.0 0.2 0.1 0.1 0.1 1.0 0.9


northern tributary 260 04/14-260 04/2014 129 7.70 6.92 0.1 0.2 0.1 0.2 0.1 1.1 1.1


northern tributary 260 05/14-260 05/2014 150 11.70 7.12 0.1 0.2 0.1 0.1 0.1 1.3 1.3


northern tributary 260 06/14-260 06/2014 107 10.30 6.98 0.0 0.1 0.1 0.1 0.1 0.9 0.9


northern tributary 260 07/14-260 07/2014 108 10.30 7.17 0.0 0.1 0.0 0.0 0.0 0.6 0.6


northern tributary 260 08/14-260 08/2014 111 7.90 7.05 0.1 0.1 0.0 0.1 0.0 0.6 0.7


northern tributary 260 09/14-260 09/2014 134 9.90 6.66 0.0 0.1 0.1 0.1 0.1 0.7 0.7


northern tributary 260 10/14-260 10/2014 105 4.00 6.92 0.0 0.1 0.1 0.0 0.1 0.8 0.8


northern tributary 260 11/14-260 11/2014 121 1.60 6.87 0.2 0.2 0.1 0.2 0.1 0.9 0.9


main stream 270 08/11-270 08/2011 103 8.00 7.96 0.0 0.1 0.1 0.1 0.2 0.8 1.1


main stream 270 10/11-270 10/2011 178 7.50 8.06 0.0 0.3 0.3 0.0 0.2 1.0 1.2


main stream 270 11/11-270 11/2011 204 3.30 6.96 0.2 0.4 0.4 0.1 0.4 1.5 1.8


main stream 270 12/11-270 12/2011 231 0.40 7.76 0.0 0.4 0.4 0.0 0.5 1.7 2.2


main stream 270 04/12-270 04/2012 237 8.70 7.19 0.1 0.5 0.5 0.0 0.5 1.6 2.2


main stream 270 05/12-270 05/2012 199 12.60 7.15 0.1 0.4 0.4 0.1 0.4 1.4 1.7


main stream 270 06/12-270 06/2012 139 13.90 7.38 0.0 0.3 0.2 0.0 0.2 1.1 1.2


main stream 270 07/12-270 07/2012 107 10.90 6.90 0.0 0.2 0.2 0.0 0.2 0.9 1.1


main stream 270 08/12-270 08/2012 155 11.50 7.21 0.1 0.2 0.2 0.1 0.2 1.0 1.4


main stream 270 09/12-270 09/2012 157 13.40 7.01 0.0 0.2 0.3 0.0 0.3 1.1 1.4


main stream 270 10/12-270 10/2012 194 NA 7.08 0.0 0.3 0.4 0.0 0.4 1.4 1.9


main stream 270 11/12-270 11/2012 218 3.40 7.00 0.1 0.3 0.4 0.1 0.4 1.4 1.9


main stream 270 12/12-270 12/2012 249 0.90 7.85 0.1 0.3 0.5 0.1 0.5 1.6 2.2


main stream 270 04/13-270 04/2013 231 9.90 7.88 0.1 0.4 0.5 0.1 0.5 1.6 2.1


main stream 270 06/13-270 06/2013 145 6.80 6.96 0.1 0.2 0.2 0.1 0.2 1.0 1.2


main stream 270 07/13-270 07/2013 131 11.00 6.67 0.0 0.2 0.2 0.0 0.1 0.9 1.1


main stream 270 08/13-270 08/2013 133 12.00 7.10 0.1 0.2 0.2 0.1 0.2 1.0 1.2


main stream 270 09/13-270 09/2013 142 11.60 7.06 0.0 0.2 0.2 0.0 0.2 1.0 1.2


main stream 270 10/13-270 10/2013 184 6.70 7.31 0.5 0.3 0.3 0.4 0.3 1.3 1.6


main stream 270 11/13-270 11/2013 219 5.20 7.00 0.1 0.4 0.4 0.0 0.4 1.6 2.1







main stream 270 12/13-270 12/2013 268 0.10 7.31 0.1 0.4 0.5 0.1 0.4 1.5 2.0


main stream 270 01/14-270 01/2014 248 0.00 7.31 0.1 0.4 0.5 0.1 0.5 1.5 2.0


main stream 270 02/14-270 02/2014 246 1.20 7.81 0.1 0.4 0.5 0.0 0.5 1.5 2.1


main stream 270 03/14-270 03/2014 254 3.90 7.15 0.1 0.4 0.5 0.1 0.5 1.6 2.1


main stream 270 04/14-270 04/2014 274 6.80 7.39 0.1 0.4 0.5 0.1 0.5 1.7 2.2


main stream 270 05/14-270 05/2014 207 12.40 7.58 0.1 0.4 0.4 0.1 0.4 1.4 1.8


main stream 270 06/14-270 06/2014 129 14.80 7.05 0.0 0.2 0.2 0.0 0.2 1.0 1.2


main stream 270 07/14-270 07/2014 116 13.90 7.30 0.0 0.2 0.1 0.0 0.2 0.9 1.0


main stream 270 08/14-270 08/2014 134 9.90 7.28 0.0 0.2 0.2 0.0 0.2 1.1 1.2


main stream 270 09/14-270 09/2014 156 12.10 7.24 0.1 0.3 0.3 0.1 0.2 1.2 1.4


main stream 270 10/14-270 10/2014 212 5.60 7.15 0.1 0.3 0.3 0.0 0.3 1.3 1.6


main stream 270 11/14-270 11/2014 219 2.10 7.56 0.1 0.4 0.4 0.1 0.4 1.5 1.9


southern tributary 280 08/11-280 08/2011 275 10.60 7.95 0.0 0.1 0.1 0.1 0.2 0.8 1.0


southern tributary 280 10/11-280 10/2011 136 7.30 8.25 0.0 0.3 0.3 0.0 0.1 0.8 0.9


southern tributary 280 11/11-280 11/2011 154 3.20 7.26 0.0 0.3 0.4 0.0 0.1 1.1 1.3


southern tributary 280 12/11-280 12/2011 165 0.20 7.54 0.0 0.3 0.4 0.1 0.2 1.2 1.5


southern tributary 280 01/12-280 01/2012 159 0.60 7.54 0.0 0.4 0.4 0.1 0.2 1.1 1.4


southern tributary 280 02/12-280 02/2012 190 1.40 7.89 0.0 0.4 0.4 0.1 0.2 1.1 1.4


southern tributary 280 03/12-280 03/2012 166 0.40 6.84 0.0 0.4 0.5 0.1 0.2 0.9 1.3


southern tributary 280 04/12-280 04/2012 156 7.30 7.08 0.0 0.4 0.4 0.0 0.2 1.0 1.3


southern tributary 280 05/12-280 05/2012 140 10.70 6.99 0.1 0.3 0.3 0.1 0.2 1.0 1.2


southern tributary 280 06/12-280 06/2012 400 10.80 7.10 0.0 0.1 0.1 0.0 0.1 0.7 0.8


southern tributary 280 07/12-280 07/2012 186 10.50 6.75 0.0 0.1 0.1 0.0 0.1 0.6 0.7


southern tributary 280 08/12-280 08/2012 109 10.70 6.68 0.0 0.1 0.2 0.1 0.1 0.8 1.0


southern tributary 280 09/12-280 09/2012 114 12.70 6.57 0.0 0.1 0.2 0.1 0.1 0.8 1.0


southern tributary 280 10/12-280 10/2012 139 NA 6.65 0.0 0.2 0.3 0.0 0.2 1.0 1.3


southern tributary 280 11/12-280 11/2012 156 3.80 6.70 0.0 0.3 0.4 0.1 0.2 0.9 1.3


southern tributary 280 12/12-280 12/2012 150 1.10 7.76 0.1 0.3 0.4 0.1 0.2 1.1 1.4


southern tributary 280 04/13-280 04/2013 161 12.30 7.49 0.1 0.3 0.4 0.1 0.2 1.0 1.3


southern tributary 280 06/13-280 06/2013 138 5.70 7.19 0.2 0.1 0.1 0.3 0.1 0.7 0.8


southern tributary 280 07/13-280 07/2013 260 10.80 6.70 0.1 0.1 0.1 0.1 0.1 0.5 0.6


southern tributary 280 08/13-280 08/2013 110 11.10 6.56 0.2 0.2 0.2 0.2 0.1 0.7 0.9


southern tributary 280 09/13-280 09/2013 155 9.30 6.78 0.1 0.2 0.2 0.1 0.1 0.8 1.0


southern tributary 280 10/13-280 10/2013 166 6.90 6.93 0.2 0.2 0.3 0.2 0.2 1.0 1.3


southern tributary 280 11/13-280 11/2013 169 2.90 7.68 0.0 0.3 0.4 0.0 0.2 1.1 1.4


southern tributary 280 02/14-280 02/2014 178 0.60 7.34 0.1 0.3 0.4 0.2 0.2 1.0 1.4


southern tributary 280 03/14-280 03/2014 171 1.90 7.31 0.1 0.3 0.4 0.1 0.2 1.0 1.4


southern tributary 280 04/14-280 04/2014 172 7.90 6.86 0.1 0.3 0.5 0.1 0.2 1.1 1.4


southern tributary 280 05/14-280 05/2014 138 11.50 7.07 0.1 0.2 0.3 0.1 0.2 1.0 1.2


southern tributary 280 06/14-280 06/2014 103 11.20 6.65 0.1 0.1 0.2 0.1 0.1 0.6 0.8


southern tributary 280 07/14-280 07/2014 120 12.50 7.01 0.0 0.1 0.1 0.0 0.1 0.6 0.7


southern tributary 280 08/14-280 08/2014 115 8.60 7.26 0.1 0.2 0.1 0.1 0.1 0.7 0.8


southern tributary 280 09/14-280 09/2014 131 10.60 7.41 0.1 0.2 0.2 0.1 0.1 0.9 1.1


southern tributary 280 10/14-280 10/2014 142 5.30 7.38 0.1 0.2 0.3 0.1 0.1 0.9 1.2


southern tributary 280 11/14-280 11/2014 203 1.70 7.08 0.1 0.3 0.4 0.2 0.2 1.0 1.3


hot spring 290 08/11-290 08/2011 434 21.10 8.28 0.5 1.7 4.1 0.1 0.0 0.2 2.1


hot spring 290 10/11-290 10/2011 439 17.80 8.63 0.5 1.8 4.0 0.0 0.0 0.1 1.8


hot spring 290 11/11-290 11/2011 432 14.30 6.99 0.4 1.9 4.0 0.0 0.0 0.1 1.8


hot spring 290 12/11-290 12/2011 452 7.10 8.16 0.5 2.0 4.0 0.1 0.1 0.2 1.9


hot spring 290 01/12-290 01/2012 465 4.50 8.03 0.5 2.2 3.9 0.0 0.1 0.2 1.6







hot spring 290 02/12-290 02/2012 426 5.30 8.05 0.5 2.2 4.0 0.1 0.1 0.1 1.6


hot spring 290 03/12-290 03/2012 716 6.60 7.65 0.4 2.0 4.0 0.1 0.1 0.2 2.0


hot spring 290 04/12-290 04/2012 548 14.30 6.80 0.5 2.4 4.1 0.1 0.0 0.4 1.7


hot spring 290 05/12-290 05/2012 453 16.50 7.28 0.5 2.0 4.0 0.1 0.0 0.2 1.8


hot spring 290 06/12-290 06/2012 424 20.00 7.56 0.4 1.9 3.8 0.0 0.0 0.2 1.7


hot spring 290 07/12-290 07/2012 432 20.10 7.15 0.5 1.9 4.0 0.1 0.0 0.2 1.8


hot spring 290 08/12-290 08/2012 430 20.50 7.27 0.4 1.7 4.0 0.0 0.0 0.2 2.1


hot spring 290 09/12-290 09/2012 449 12.10 3.98 0.4 1.4 3.8 0.0 0.0 0.1 2.2


hot spring 290 10/12-290 10/2012 421 NA 7.37 0.4 1.7 4.0 0.0 0.0 0.2 2.1


hot spring 290 11/12-290 11/2012 447 11.60 4.52 0.4 1.7 3.7 0.0 0.0 0.2 1.9


hot spring 290 12/12-290 12/2012 455 5.30 7.91 0.4 1.9 4.1 0.1 0.0 0.2 2.1


hot spring 290 02/13-290 02/2013 464 6.90 7.93 0.4 1.9 4.1 0.1 0.0 0.2 2.1


hot spring 290 04/13-290 04/2013 460 19.20 7.63 0.4 2.0 4.0 0.1 0.0 0.2 1.9


hot spring 290 06/13-290 06/2013 474 12.90 7.24 0.4 1.9 4.1 0.1 0.0 0.2 2.0


hot spring 290 07/13-290 07/2013 450 19.20 6.97 0.4 1.9 4.0 0.1 0.0 0.2 1.9


hot spring 290 08/13-290 08/2013 486 19.10 7.18 0.4 1.9 4.0 0.1 0.0 0.2 1.9


hot spring 290 09/13-290 09/2013 742 12.70 7.38 0.4 1.9 4.1 0.0 0.0 0.2 2.0


hot spring 290 10/13-290 10/2013 0.0 0.0 0.0 0.0 0.0 0.0 0.0


hot spring 290 11/13-290 11/2013 458 5.20 6.95 0.4 2.0 4.3 0.1 0.0 0.2 2.1


hot spring 290 03/14-290 03/2014 426 7.90 7.22 0.5 1.9 4.0 0.1 0.0 0.2 1.9


hot spring 290 04/14-290 04/2014 508 10.10 7.36 0.4 2.0 4.2 0.1 0.0 0.2 2.1


hot spring 290 05/14-290 05/2014 453 16.00 7.15 0.4 1.8 4.1 0.1 0.0 0.2 2.0


hot spring 290 06/14-290 06/2014 473 22.10 7.29 0.4 1.8 0.1 0.0 7.7 0.0 5.7


hot spring 290 07/14-290 07/2014 517 22.40 7.98 0.4 1.9 0.1 0.0 7.7 0.0 5.6


hot spring 290 08/14-290 08/2014 522 18.20 8.33 0.4 1.8 0.1 0.0 7.6 0.0 5.6


hot spring 290 09/14-290 09/2014 463 20.60 7.88 0.4 1.8 0.1 0.0 7.5 0.0 5.4


hot spring 300 08/11-300 08/2011 428 57.10 8.73 0.5 1.9 4.0 0.0 0.0 0.1 1.8


hot spring 300 10/11-300 10/2011 440 60.20 8.68 0.5 1.6 4.0 0.1 0.0 0.1 2.1


hot spring 300 11/11-300 11/2011 438 58.30 7.67 0.5 1.8 4.0 0.1 0.0 0.1 1.9


hot spring 300 12/11-300 12/2011 443 56.20 9.05 0.5 1.7 4.1 0.1 0.1 0.2 2.2


hot spring 300 01/12-300 01/2012 447 56.20 9.03 0.5 1.9 4.0 0.0 0.1 0.3 1.9


hot spring 300 02/12-300 02/2012 425 56.70 9.07 0.5 1.8 4.1 0.1 0.1 0.2 2.1


hot spring 300 03/12-300 03/2012 441 57.10 8.96 0.4 1.5 4.1 0.1 0.1 0.2 2.4


hot spring 300 04/12-300 04/2012 434 58.90 6.75 0.5 2.0 4.1 0.1 0.0 0.1 1.8


hot spring 300 05/12-300 05/2012 436 59.80 8.00 0.5 1.9 4.0 0.1 0.0 0.1 1.8


hot spring 300 06/12-300 06/2012 439 59.50 7.70 0.5 1.9 3.9 0.0 0.0 0.1 1.7


hot spring 300 07/12-300 07/2012 437 57.90 8.40 0.5 1.7 3.9 0.0 0.0 0.1 1.9


hot spring 300 08/12-300 08/2012 432 59.60 8.38 0.4 1.5 3.9 0.1 0.0 0.1 2.2


hot spring 300 09/12-300 09/2012 445 58.20 6.79 0.4 1.8 3.9 0.1 0.0 0.2 1.9


hot spring 300 10/12-300 10/2012 422 NA 8.66 0.4 1.5 4.0 0.1 0.1


hot spring 300 11/12-300 11/2012 467 60.20 8.18 0.4 1.5 3.8 0.0 0.0 0.1 2.0


hot spring 300 12/12-300 12/2012 423 56.00 9.10 0.4 1.6 4.2 0.1 0.0 0.1 2.4


hot spring 300 02/13-300 02/2013 467 60.50 8.53 0.1 0.3 0.5 0.1 0.2 1.1 1.5


hot spring 300 04/13-300 04/2013 455 61.60 6.80 0.5 1.9 4.1 0.1 0.0 0.1 1.8


hot spring 300 06/13-300 06/2013 465 61.30 7.06 0.5 2.0 4.1 0.1 0.1


hot spring 300 07/13-300 07/2013 751 57.90 7.53 0.4 1.9 4.1 0.1 0.0 0.1 1.9


hot spring 300 08/13-290 08/2013 462 62.20 7.16 0.4 2.0 4.0 0.1 0.0 0.1 1.7


hot spring 300 09/13-300 09/2013 853 57.40 8.12 0.4 2.0 4.0 0.1 0.1


hot spring 300 10/13-300 10/2013 457 60.20 6.92 0.6 1.9 4.1 0.1 0.0 0.1 1.7


hot spring 300 11/13-300 11/2013 500 55.40 7.06 0.5 2.0 4.2 0.1 0.1







hot spring 300 12/13-300 12/2013 484 60.30 6.84 0.4 1.9 4.1 0.1 0.0 0.1 1.9


hot spring 300 01/14-300 01/2014 471 61.30 7.17 0.5 2.0 4.0 0.0 0.0 0.1 1.7


hot spring 300 02/14-300 02/2014 479 59.60 7.22 0.7 1.9 3.9 0.3 0.0 0.1 1.7


hot spring 300 03/14-300 03/2014 500 58.60 6.98 0.6 1.9 4.1 0.2 0.0 0.1 1.9


hot spring 300 04/14-300 04/2014 463 57.50 7.39 0.4 1.9 4.2 0.1 0.0 0.1 2.0


hot spring 300 05/14-300 05/2014 488 58.30 7.22 0.6 1.9 4.1 0.2 0.0 0.1 1.9


hot spring 300 06/14-300 06/2014 456 60.90 7.63 0.4 1.8 0.1 0.0 7.7


hot spring 300 07/14-300 07/2014 455 59.00 8.57 0.4 1.9 0.1 0.0 7.6


hot spring 300 08/14-300 08/2014 460 60.80 7.19 0.4 1.9 0.1 0.0 7.6 0.0 5.4


hot spring 300 09/14-300 09/2014 514 58.90 8.36 0.4 1.8 0.3 0.0 7.5 0.0 5.6








Appendix Table 6: Saturation indices (SI) of water samples that were analysed for their lithium isotopic composition. 


Sample ID δ7Li (‰) Al(OH)3(a) Albite Alunite Anglesite Anhydrite Anorthite Aragonite Barite Ca-Montmorillonite Calcite Celestite Cerrusite
08/13-FT-043 22.8 -1.1 -3.6 -2.0 -6.3 -3.4 -4.5 -1.5 -1.0 2.4 -1.4 -3.8 -3.1
08/13-FT-044 19.8 -1.4 -3.6 -4.2 -6.7 -3.4 -4.3 -1.0 -0.9 1.8 -0.8 -3.8 -3.0
08/13-FT-045 8.6 -1.1 -3.2 -1.7 -6.3 -3.1 -4.4 -1.1 -0.7 2.3 -1.0 -3.3 -3.0
08/13-FT-231 26.9 -1.3 -4.3 -4.1 -6.7 -3.6 -4.6 -1.1 -1.5 1.4 -0.9 -4.0 -2.9
08/13-FT-244 20.0 -1.0 -5.7 -1.6 -6.1 -3.0 -5.5 -1.4 -1.0 0.5 -1.3 -3.2 -3.3
08/13-FT-246 6.2 -1.5 -4.0 -4.9 -6.8 -3.4 -4.6 -1.0 -1.1 1.0 -0.9 -3.6 -3.2
08/13-FT-382 6.2 -1.6 -3.1 -5.2 -6.9 -3.0 -4.1 -0.2 -0.8 1.4 -0.1 -3.2 -2.8
09/13-FT-021 9.2 -1.5 -3.0 -5.1 -7.2 -2.9 -3.1 0.1 -1.2 2.1 0.3 -3.3 -2.9
09/13-FT-022 10.9 -0.9 -1.8 -1.1 -6.2 -1.8 -1.9 0.2 0.0 3.5 0.4 -2.0 -2.9
09/13-FT-051 21.9 -1.0 -3.8 -3.6 -6.8 -3.6 -3.6 -1.2 -1.2 2.2 -1.1 -4.0 -3.1


10/11-010 12.0 -1.7 -3.6 -6.1 -6.4 -3.1 -4.2 -0.7 -0.7 0.7 -0.6 -3.3 -2.7
10/11-060 9.4 -1.2 -4.1 -4.7 -6.5 -3.3 -4.0 -1.0 -1.0 0.8 -0.8 -3.5 -2.8
10/11-090 11.1 -1.0 -3.6 -4.1 -6.4 -3.1 -3.3 -0.5 -0.8 1.5 -0.3 -3.4 -2.5
10/11-140 9.6 -0.3 -2.4 -1.2 -6.0 -3.0 -1.8 -0.6 -0.7 4.0 -0.4 -3.4 -2.2
10/11-210 10.9 -1.1 -3.7 -4.1 -6.7 -3.3 -3.9 -0.8 -0.8 1.3 -0.7 -3.4 -2.9
10/11-270 13.5 -1.1 -3.4 -4.5 -6.6 -3.2 -3.3 -0.6 -0.7 1.5 -0.4 -3.4 -2.6


09/13-FT-305 17.4 -0.8 -2.4 -4.8 -7.2 -2.6 -2.2 -1.1 -2.4 -5.0
09/13-FT-306 28.2 -0.6 -6.5 -1.9 -6.9 -4.2 -5.6 -1.8 -1.4 0.2 -1.7 -4.2 -3.2
08/13-FT-351 14.3 -1.2 -2.9 -2.3 -6.7 -2.9 -4.2 -0.6 -0.3 2.2 -0.5 -3.0 -3.1
08/13-FT-381 16.7 -2.2 -3.1 -8.2 -7.5 -2.7 -4.1 0.4 -0.2 0.2 0.6 -2.8 -3.1


10/11-110 8.3 -1.4 -3.7 -3.7 -6.3 -3.2 -4.7 -1.1 -0.8 1.3 -1.0 -3.4 -2.9
08/13-FT-290 4.5 -1.7 0.2 -5.6 -6.4 -3.2 -2.7 -1.1 -0.7 3.5 -1.0 -2.7 -3.0
08/13-FT-300 4.3 -3.2 -1.9 -13.6 -2.9 -3.4 -0.4 -1.2 -1.9 -0.2 -2.5
09/13-FT-023 6.4 -2.8 -3.2 -9.3 -6.5 -2.0 -4.1 0.5 -0.1 -1.4 0.7 -2.1 -2.7


10/11-300 8.4 -3.8 -2.4 -16.6 -7.8 -3.3 -4.2 -0.3 -1.2 -3.5 -0.2 -2.8 -3.7
08/13-FT-031 21.7 -0.9 -4.0 -2.7 -6.4 -3.8 -4.2 -1.6 -2.1 2.3 -1.4 -4.2 -2.9
09/13-FT-301 36.4 -0.8 -6.5 -1.7 -6.2 -3.7 -5.7 -1.9 -1.4 -0.1 -1.8 -4.1 -3.2


10/11-120 22.2 -1.0 -5.8 -2.6 -5.6 -3.6 -5.4 -2.2 -1.4 0.4 -2.1 -3.8 -2.9
10/11-130 18.9 -1.3 -4.8 -4.9 -6.3 -3.6 -4.6 -1.4 -1.1 0.9 -1.3 -3.7 -2.8
10/11-180 20.0 -1.4 -5.5 -6.2 -6.7 -3.4 -4.6 -0.9 -0.5 -0.5 -0.8 -3.7 -3.0
10/11-200 15.4 -1.1 -5.2 -5.7 -7.0 -4.1 -4.4 -1.4 -1.9 0.3 -1.2 -4.6 -3.0
10/11-230 20.1 -1.1 -5.1 -5.2 -6.7 -3.9 -4.5 -1.3 -1.7 0.2 -1.2 -4.2 -2.9


09/13-FT-028 22.2 -0.8 -4.8 -0.2 -5.9 -2.8 -4.6 -1.5 -0.4 1.4 -1.3 -3.2 -3.2
09/13-FT-302 15.2 -1.0 -6.7 -3.6 -7.0 -4.1 -5.6 -1.6 -1.5 -0.8 -1.5 -4.2 -3.2


10/11-020 9.6 -2.3 -4.0 -8.4 -6.8 -2.7 -4.6 -0.1 -0.4 -0.8 0.0 -2.9 -2.9
10/11-040 10.1 -1.6 -4.0 -7.5 -6.7 -3.9 -4.3 -1.4 -1.3 0.6 -1.2 -4.0 -2.8
10/11-100 11.5 -0.5 -3.8 -3.7 -6.2 -4.4 -3.3 -2.1 -1.9 2.5 -2.0 -4.4 -2.7
10/11-250 12.6 -0.5 -3.8 -3.7 -6.6 -4.3 -3.1 -1.8 -2.0 2.8 -1.6 -4.4 -2.8
10/11-280 17.7 -1.6 -3.3 -6.9 -6.8 -3.4 -3.8 -0.6 -0.8 0.9 -0.5 -3.6 -2.6







Chalcedony Chlorite(14A) Chrysotile CO2(g) Dolomite Fe(OH)3(a) Gibbsite Goethite Gypsum H2(g) H2O(g) Halite Hausmannite Hematite
-0.4 -14.9 -12.3 -2.2 -3.5 0.1 1.7 5.4 -3.0 -22.1 -1.9 -10.1 -23.7 12.8
-0.4 -12.2 -10.3 -2.5 -2.6 0.9 1.4 6.3 -3.0 -22.8 -1.9 -10.3 -21.0 14.5
-0.4 -13.6 -11.4 -2.2 -2.6 0.4 1.8 5.6 -2.6 -22.3 -2.0 -8.5 -23.6 13.2
-0.5 -14.3 -11.7 -2.2 -2.9 1.0 1.5 6.5 -3.2 -22.3 -1.8 -10.3 -19.7 14.9
-1.0 -16.6 -13.3 -2.7 -3.7 1.9 -2.4 -22.7 -2.1 -11.2 -23.5
-0.5 -11.7 -9.9 -2.6 -2.6 1.1 1.3 6.5 -2.9 -22.9 -1.8 -9.9 -20.0 15.0
-0.4 -8.1 -7.5 -2.5 -0.8 1.7 1.3 6.9 -2.5 -23.4 -2.0 -8.9 -19.6 15.8
-0.3 -7.2 -7.2 -2.5 -0.4 1.7 1.4 7.1 -2.5 -23.5 -1.9 -9.7 -18.5 16.1
-0.3 -2.8 -5.2 -2.5 0.3 2.6 2.0 7.9 -1.3 -23.6 -1.9 -8.3 -16.6 17.7
-0.6 -10.5 -9.8 -3.0 -3.0 2.3 1.9 7.6 -3.1 -23.3 -2.0 -10.8 -18.7 17.1
-0.6 -7.4 -7.1 -3.4 -1.9 2.3 1.2 7.6 -2.7 -24.1 -1.9 -9.4 -16.1 17.1
-0.8 -9.2 -8.8 -3.2 -2.4 2.4 1.6 7.8 -2.9 -23.7 -1.9 -9.5 -16.8 17.5
-0.7 -6.6 -7.4 -3.1 -1.4 2.8 1.8 8.1 -2.6 -23.9 -2.0 -9.3 -16.1 18.1
-0.5 -6.5 -8.1 -2.9 -1.6 3.1 2.6 8.3 -2.5 -23.6 -2.0 -9.2 -16.6 18.6
-0.7 -9.2 -8.8 -3.1 -2.2 2.5 1.7 7.8 -2.8 -23.7 -2.0 -9.6 -17.1 17.5
-0.7 -7.1 -7.6 -3.3 -1.8 2.8 1.8 8.0 -2.7 -24.1 -2.0 -9.6 -15.7 18.0
-1.5 -23.0 -17.6 -2.6 -5.8 2.1 -4.2 -21.9 -2.1 -26.1
-1.3 -15.3 -13.0 -3.0 -4.0 2.3 -3.7 -23.1 -2.2 -11.4 -22.5
-0.4 -12.5 -10.7 -2.1 -1.8 0.6 1.7 5.9 -2.4 -22.6 -2.0 -8.4 -21.3 13.6
-0.4 -2.0 -3.2 -3.2 0.6 2.1 0.7 7.3 -2.2 -24.7 -2.0 -9.0 -15.0 16.5
-0.5 -12.6 -10.5 -2.7 -2.8 1.6 1.5 6.9 -2.7 -23.0 -2.0 -8.8 -21.3 15.7
0.3 -10.6 -8.9 -3.0 -3.5 1.8 1.0 7.5 -2.9 -24.1 -1.7 -7.4 -13.7 16.9
-0.1 -2.3 -2.9 -3.2 -1.8 -0.7 -0.8 6.2 -2.9 -24.9 -0.8 -7.4 -2.8 14.5
-0.3 0.1 -1.7 -2.4 1.2 0.6 -0.2 6.8 -1.7 -23.7 -1.3 -7.8 -12.3 15.7
-0.2 -3.3 -2.9 -3.4 -2.1 -1.1 -1.4 5.9 -3.3 -25.5 -0.7 -7.4 -1.5 14.0
-0.5 -15.3 -12.7 -2.8 -4.0 1.0 2.0 6.2 -3.3 -22.8 -2.0 -10.8 -21.9 14.3
-1.2 -19.0 -15.3 -2.4 -4.5 0.2 2.0 5.5 -3.2 -22.0 -1.9 -11.1 -23.2 13.0
-1.0 -16.4 -13.3 -3.4 -5.2 1.7 1.9 6.9 -3.1 -22.9 -2.0 -11.3 -21.5 15.7
-0.7 -10.7 -9.5 -3.4 -3.3 2.2 1.6 7.4 -3.1 -23.6 -2.0 -11.8 -19.3 16.7
-1.0 -7.4 -7.5 -3.6 -2.2 2.4 1.4 7.7 -2.9 -24.3 -1.9 -11.5 -15.9 17.2
-1.0 -12.6 -11.0 -3.6 -3.8 2.7 1.8 7.9 -3.6 -24.0 -2.0 -11.4 -16.4 17.7
-1.0 -13.4 -11.3 -3.6 -3.9 2.7 1.7 7.9 -3.4 -24.0 -2.0 -10.8 -16.6 17.6
-0.8 -15.0 -12.8 -2.2 -3.3 0.3 2.0 5.8 -2.4 -22.0 -1.8 -10.6 -22.4 13.4
-1.3 -13.8 -11.9 -3.0 -3.5 1.3 1.9 6.6 -3.6 -23.0 -1.9 -11.3 -19.5 15.1
-0.6 -4.4 -4.5 -3.6 -0.7 2.3 0.5 7.6 -2.2 -24.8 -1.9 -9.3 -13.5 17.1
-0.6 -8.2 -7.7 -3.8 -3.3 2.3 1.2 7.7 -3.5 -24.2 -1.9 -10.1 -15.2 17.3
-0.7 -11.3 -10.8 -3.7 -4.8 2.9 2.3 8.1 -3.9 -23.7 -2.0 -10.5 -16.4 18.2
-0.7 -14.1 -12.5 -3.6 -4.9 2.8 2.4 8.0 -3.8 -23.7 -2.0 -11.2 -17.5 17.9
-0.5 -7.6 -7.2 -3.6 -2.1 2.7 1.2 7.9 -2.9 -24.5 -2.0 -10.0 -14.6 17.8







Illite Jarosite-K K-feldspar K-mica Kaolinite Manganite Melanterite O2(g) Otavite Pb(OH)2 Pyrochroite Pyrolusite Quartz Rhodochrosite
1.1 -10.6 -1.2 7.8 4.5 -8.0 -8.5 -44.2 -4.62 -8.87 -15.39 0.12 -3.02
0.7 -9.4 -1.3 7.1 3.9 -7.0 -8.8 -42.8 -4.25 -8.2 -14.02 0.12 -2.63
1.1 -10.0 -1.3 7.8 4.5 -7.6 -8.2 -44.9 -4.7 -8.63 -15.46 0.08 -2.8
0.0 -8.8 -1.9 6.6 3.6 -6.9 -8.4 -42.4 -4.3 -7.93 -13.62 -0.03 -2.05
-0.8 -3.1 6.2 3.6 -7.1 -45.8 -4.63 -8.32 -15.56 -0.46 -3.06
-0.2 -8.9 -1.9 6.2 3.3 -6.8 -8.8 -41.7 -4.26 -8.11 -13.43 -0.01 -2.61
0.4 -8.1 -1.6 6.5 3.5 -6.1 -8.6 -42.7 -4.19 -7.63 -13.41 0.08 -2.15
1.3 -7.7 -0.6 7.7 3.9 -6.0 -9.0 -41.3 -2.1 -4.16 -7.63 -12.71 0.2 -2.03
3.0 -3.0 0.3 9.7 5.1 -5.3 -7.2 -41.3 -2.21 -4.13 -6.97 -12.06 0.21 -1.43
1.2 -6.2 -1.2 8.1 4.4 -5.9 -8.1 -42.5 -3.94 -7.43 -13.09 -0.07 -2.41
0.0 -6.6 -1.6 6.3 3.0 -4.9 -8.9 -40.7 -1.58 -3.09 -6.85 -11.64 -0.08 -2.21
-0.1 -6.0 -2.1 6.6 3.4 -5.5 -8.4 -40.8 -1.43 -3.37 -7.15 -12.01 -0.29 -2.23
0.8 -5.2 -1.7 7.5 3.9 -5.0 -8.2 -41.2 -0.95 -3.23 -6.76 -11.8 -0.25 -1.82
3.1 -3.8 -0.4 10.3 5.8 -5.1 -7.4 -42.4 -0.9 -3.23 -6.71 -12.3 -0.05 -1.59
0.5 -5.8 -1.8 7.2 3.8 -5.2 -8.2 -42.0 -1.69 -3.68 -6.94 -12.36 -0.23 -2.03
0.8 -5.6 -1.5 7.6 3.9 -4.7 -8.5 -41.3 -1.15 -3.23 -6.6 -11.64 -0.23 -1.88
-2.6 -4.8 5.0 3.0 -8.2 -47.1 -8.98 -16.88 -0.99 -3.63
-0.7 -3.1 7.0 3.8 -6.5 -46.1 -4.33 -7.86 -15.22 -0.81 -2.97
1.0 -9.5 -1.2 7.7 4.3 -6.8 -8.3 -44.4 -4.92 -7.93 -14.52 0.08 -2
-0.2 -8.1 -1.4 5.5 2.3 -4.3 -9.8 -40.4 -3.84 -6.48 -11.06 0.08 -1.67
0.2 -7.3 -1.8 6.7 3.6 -6.8 -8.0 -43.4 -1.85 -4.04 -8.1 -14.22 -0.05 -2.77
2.5 -5.9 1.0 8.6 4.4 -5.0 -9.0 -37.5 -3.38 -6.84 -10.13 0.78 -1.72
-2.3 -11.8 -1.6 2.7 -0.2 -4.2 -13.9 -24.0 -6.41 -3.23 0.21 -1.31
-1.7 -7.6 -1.9 3.4 0.6 -5.9 -10.4 -32.8 -3.08 -7.61 -8.68 0.06 -1.74
-3.7 -13.8 -2.0 1.1 -1.5 -3.9 -15.3 -21.9 -0.68 -1.86 -6.39 -2.17 0.13 -1.57
1.0 -9.9 -1.4 8.0 4.6 -6.9 -8.7 -44.3 -3.09 -4.03 -8.13 -14.66 -0.04 -2.89
-1.7 -10.9 -4.0 5.6 3.4 -7.9 -8.4 -44.1 -3.48 -4.51 -8.74 -15.24 -0.74 -3.07
-0.9 -7.4 -3.1 6.2 3.5 -6.7 -7.8 -44.1 -2.49 -3.49 -8.05 -14.47 -0.51 -3.43
-0.1 -7.3 -2.3 6.4 3.5 -5.9 -8.4 -42.8 -2.02 -3.39 -7.51 -13.28 -0.21 -2.88
-1.2 -7.2 -3.0 5.4 2.5 -4.9 -9.2 -40.5 -1.64 -3.16 -6.83 -11.5 -0.55 -2.41
-0.7 -7.3 -2.9 6.2 3.3 -5.0 -9.0 -41.5 -1.9 -3.23 -6.81 -11.96 -0.53 -2.41
-0.7 -6.6 -2.5 6.5 3.2 -5.0 -8.8 -41.7 -1.86 -3.13 -6.82 -12.07 -0.52 -2.44
0.1 -8.6 -2.3 7.2 4.1 -7.8 -7.7 -43.6 -4.73 -8.58 -14.86 -0.31 -2.65
-1.7 -9.2 -3.7 5.6 2.8 -6.3 -9.0 -42.8 -4.08 -7.68 -13.5 -0.86 -2.61
-1.1 -6.9 -1.8 4.7 1.6 -4.1 -9.7 -39.1 -1.11 -3.09 -6.28 -10.26 -0.1 -1.84
-0.3 -7.8 -1.9 6.0 2.9 -4.9 -9.6 -39.7 -1.57 -2.76 -6.81 -11.11 -0.11 -2.54
1.3 -6.1 -1.6 8.5 4.9 -5.1 -8.3 -41.8 -2.08 -2.78 -6.78 -12.11 -0.24 -2.48
1.4 -6.7 -1.6 8.7 5.1 -5.3 -8.4 -42.5 -2.15 -3.14 -6.98 -12.62 -0.21 -2.56
0.3 -6.6 -1.3 6.7 3.1 -4.2 -9.2 -40.6 -1.17 -2.94 -6.33 -11.02 -0.05 -1.92







Sepiolite Sepiolite(d) Siderite SiO2(a) Strontianite Sylvite Talc Witherite
-8.42 -10.93 -2.32 -1.24 -3.27 -9.75 -9.47 -4.83


-7.1 -9.6 -2.08 -1.25 -2.75 -10 -7.48 -4.17
-7.82 -10.23 -2.07 -1.31 -2.73 -8.6 -8.78 -4.52
-8.41 -11.01 -1.58 -1.37 -2.97 -9.87 -9.13 -4.68


-9.8 -12.09 -1.88 -3.1 -10.57 -11.81 -5.34
-7.14 -9.71 -2.11 -1.36 -2.7 -9.88 -7.3 -4.42
-5.23 -7.63 -1.67 -1.31 -1.82 -9.43 -4.92 -3.86


-4.9 -7.41 -1.64 -1.17 -1.63 -9.27 -4.22 -3.83
-3.58 -6.07 -0.89 -1.16 -1.43 -8.3 -2.28 -3.71
-7.01 -9.46 -1.48 -1.45 -2.98 -10.26 -7.42 -4.6
-5.22 -7.68 -2.26 -1.45 -2.27 -9.36 -4.7 -4.06
-6.79 -9.32 -1.74 -1.65 -2.53 -9.55 -6.78 -4.29
-5.73 -8.18 -1.38 -1.63 -2.24 -9.34 -5.4 -3.96
-5.83 -8.24 -0.69 -1.44 -2.35 -9.24 -5.75 -3.98
-6.58 -9 -1.54 -1.62 -2.39 -9.67 -6.76 -4.15
-5.78 -8.19 -1.66 -1.62 -2.17 -9.75 -5.58 -3.85


-13.56 -15.87 -2.4 -4.2 -10.6 -17.13 -5.85
-10.13 -12.34 -2.25 -3.2 -10.21 -12.33 -4.88


-7.31 -9.72 -1.86 -1.31 -2.15 -8.71 -8.02 -3.76
-2.27 -4.66 -2.56 -1.31 -1.17 -9.34 -0.52 -2.98
-7.44 -9.86 -1.65 -1.44 -2.68 -8.93 -8.12 -4.4
-5.36 -8.07 -2.46 -0.54 -2.04 -8.58 -4.68 -4.17
-3.45 -7.12 -6.15 -0.87 -1.41 -8.73 0.89 -3.58
-2.26 -5.4 -3.06 -1.15 -1.12 -8.36 1.43 -2.91
-3.65 -7.38 -7.13 -0.93 -1.21 -8.73 0.8 -3.14
-8.82 -11.21 -2.29 -1.43 -3.4 -10.21 -10.27 -5.65
-11.9 -14.43 -2.39 -2.1 -3.79 -10.65 -14.21 -5.36


-10.04 -12.42 -2.24 -1.91 -3.82 -10.69 -11.89 -5.81
-6.96 -9.33 -2.08 -1.6 -2.96 -11.33 -7.44 -4.73
-6.29 -8.74 -2.5 -1.93 -2.64 -10.99 -6.07 -3.82
-8.54 -10.96 -2.08 -1.92 -3.31 -11.15 -9.55 -5.01
-8.74 -11.14 -2.1 -1.91 -3.11 -10.33 -9.91 -4.97
-9.56 -12.13 -1.98 -1.66 -3.31 -10 -10.8 -4.76
-9.76 -12.22 -2.31 -2.23 -3.22 -10.29 -11.08 -4.82
-3.57 -6.06 -2.87 -1.47 -1.76 -9.15 -2.15 -3.58
-5.76 -8.28 -2.74 -1.48 -2.94 -10.08 -5.32 -4.48
-7.98 -10.42 -1.83 -1.62 -3.55 -10.42 -8.78 -5.4
-9.01 -11.4 -1.72 -1.61 -3.29 -11.12 -10.48 -5.3


-5.2 -7.61 -2.26 -1.44 -2.17 -10.07 -4.81 -3.78







