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ALKALINITY AND DISSOLVED ORGANIC CARBON IN
SURFACE WATERS OF THE DESCHUTES DRAINAGE BASIN,
OREGON

LAUREN WERCKENTHIEN
DePauw University
Research Advisor: Dr. James G. Mills, Jr.

INTRODUCTION

Weathering of silicate rock has a large impact on the
carbon cycle within drainage basins. In aqueous
systems, carbon can occur in organic and/or inor-
ganic forms. The most common form of inorganic
carbon in natural water is HCO,” (Langmuir, 1997).
The weathering of silicate rock results in the forma-
tion of HCO, due to consumption of atmospheric
CO, (as per the equations below) (Berner, 1995):

2 CO2 +3 HZO + CaSiO3 >
Ca**+2 HCO, + H SiO,

2 CO, +3 H,0 +MgSio, »
Mg* +2 HCO, + H SiO,

The resulting bicarbonate ions are then transported
by streams back to the oceanic reservoir. Many
researchers have shown that this HCO,  combined
with Ca®* can form ca-carbonate within the oceans.
This acts as a geologic sink for atmospheric CO,.
(Kump et al., 2000) Weathering rates therefore have
a significant impact on global atmospheric CO,
changes (Gaillardet et al., 1999). Weathering rates
can be dependent on various factors, including con-
tinental land area, lithology, mountain uplift, climate
and vegetation (Berner, 1995).

Dissolved organic carbon (DOC) is also a key
component of the carbon cycle. The ability of DOC
to transport different elements and its ability to
facilitate mineral weathering makes it a significant
geochemical compound for study, for example, iron
is transported in association with DOC (Vestin et
al., 2008; Bjorkvald et al., 2008). Concentrations

of DOC vary by aquatic environment. Generally,

groundwater has a lower concentration of DOC,
because it is a food source for heterotrophic mi-
crobes, and, contains less decayed organic material.
Streams have a larger concentration of DOC due to
the larger contribution of plant material, marsh and
bog waters have extremely high DOC levels (15-30
mg/1), rivers have lower DOC levels (5 mg/1), and
precipitation has DOC levels of less than one mg/1
(Eby, 2004). Previous studies have shown that at
periods of high river discharge DOC concentrations
increase (Bjorkvald et al., 2008).

This study seeks to examine how mineral weathering
relates to the short-term carbon cycle by analyzing
DOC and elemental data from stream and spring
samples within the Deschutes River basin in Central
Oregon.

The Deschutes drainage basin in central Oregon
covers approximately 27,195 km? (U.S.G.S. NWIS,
July 2009). The basin drains the eastern side of

the Cascade Mountains in Oregon and flows north
into the Columbia River. Land use and vegetative
cover in the basin consists primarily of managed
forest and minor cropland with bedrock consist-
ing primarily of Tertiary and Quaternary volca-
nics. The months of June and July are wetter than
August, and, the eastern-most region of the basin
receives less precipitation (and has higher rates of
evapotranspiration) than the western-most region
(2000-2008, 208.59 cm and 1861.89 cm respectively)
(NADP/NTN, US Bureau of Reclamation: Agri-
Met). Other notable features within the basin are
the Three Sisters Volcanoes, which are active and
located on the western edge of the basin and New-
berry Volcano, which is located in the south-central
part of the basin.
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METHODOLOGY

51 streams and 14 springs within the Deschutes
River Watershed were sampled between June 24
and July 6, 2009 and 25 streams were again sampled
between August 11 and 13th, 2009. Water sampling
sites were chosen for three primary reasons; accessi-
bility of sample sites, sampling the drainage of vari-
ous lithologies in the basin, and sampling streams
above and below tributaries. Water samples were
collected in 30 ml high-density polyethylene bottles
for alkalinity (HCO;,), ion chromatography (IC),
and inductively coupled plasma mass spectroscopy
(ICP-MS). The ICP-MS samples were preserved by
the addition of nitric acid.

A basin-wide subset of the sample sites were uti-
lized for collecting DOC samples (Fig. 1). The DOC
samples were filtered with 0.45-micron nylon filters
into glass boston round bottles (hydrochloric acid

122°0'0"W 121°0'0"W
' !

120°0'0"W
!

was added to drive off dissolved inorganic carbon).
Alkalinity was measured using the Gran titra-

tion method (Gran et al., 1981). The samples were
within the error of the measurement.

GIS maps are used to show sampling locations and
concentrations of alkalinity and DOC spatially
throughout the basin using the geology to make
potential geochemical correlations (Figs. 1, 2).
Stream and lake files are from Census 2000 TIGER/
Line Data. The geologic map shapefile is from The
USGS’s Mineral Resources On-Line Spatial Data.
All other files are from the National Atlas.

RESULTS

90 values of alkalinity were collected throughout
the basin, 65 of which were sampled in late June
through early July 2009 (0.07 to 6.68 meq/l); the
remaining 25 were sampled in August 2009 (0.07
to 6.88 meq/1)(Fig. 2; Table 1). All 86 samples were

45°0'0"N4—

44°0'0"N4—

EXPLANATION

Geologic Units

Igneous
[ Jandesite/dacite
[]basalt/mafic volcanic rock
[ |mixed clastic/volcanic
[ Ipyroclastic/tuff
[rhyodacite/rhyolite

Sedimentary
[ Jalluvial fan
[ Jargillite/mudstone/shale/siltstone
[ Jclay/mud
[ Ifloodplain
[ lelacial drift
[ lgravel/sand
[ Jgraywackle/sandstone
[ |limestone

Other

[ lice
[ Nlandslide
[ |meta-argillite

44°0'0"N

DOC

O low: <1.49 mg/l

O moderately low: 1.49 - 2.72 mg/l
@ moderately high: 2.73 - 4.67 mg/l
@ high: > 4.67 mg/l

121°6'O"W

1 20°6'O"W

Figure 1. Dissolved Organic Carbon concentrations for springs and streams in the Deschutes Basin, Oregon. The base map shows

general geologic units across the basin.
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also analyzed for Fe, Mg, Na, K, Ca, Cl, and SO,
(Table 1).

62 water samples for DOC were collected and ana-
lyzed, 37 of which were sampled in late June through
early July 2009 (0.68 to 8.94 mg/l); the remaining 25
were sampled in August 2009 (0.637 to 11.1 mg/
1)(Fig. 1; Table 1).

DISCUSSION
Alkalinity

Alkalinity concentrations were divided into four
groups based on natural breaks in the data: low (less
than 0.44 meq/l), moderately low (0.44-0.85 meq/l),
moderately high (0.86-2.0 meq/l) and high (greater
than 2.0 meq/l) (Table 1). Only six of the total 65
sampling locations are in the high alkalinity group.
All six of these sampling locations occur in the
northern and eastern part of the basin with the ex-
ception of one site, Paulina Creek, which is located

122°0'0"W 121°0'0"W 120°0'0"W
! N !

in south-central part of the basin. The proximity of
Paulina Creek to Newberry Volcano may be contrib-
uting to the high alkalinity value through interac-
tion with volcanic rock.

Three hypotheses are proposed to explain the higher
alkalinity values on the north and eastern side of the
basin. First, the rocks on the northern and eastern
region of the basin are generally older than those in
the rest of the basin. The sampling sites with high
alkalinities on the northeastern and eastern region
of the basin are in most cases passing through rock
of Paleocene to Early Oligocene age (some Late Tri-
assic, Miocene and Pliocene rocks also occur here).
On the western side of the basin the sample sites are
draining rock of mostly Pleistocene to Holocene age.
The older rock is most likely more weathered than
the younger rock, which may be contributing to the
range in alkalinity values. During the rock weather-
ing process atmospheric CO, is consumed and is
converted in the surface waters to dissolved HCO,®
(Berner, 1995). Secondly, the rock in the northern
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EXPLANATION
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Figure 2. Alkalinity concentrations for springs and streams in the Deschutes Basin, Oregon. The base map shows general geologic

units across the basin.
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Sampling Location
Cultus R. S.
John Lake S.
Blacktail S.
Tyee Creek S.
Quinn S.
Snow S.
Rock S.
Whiskey S.
Bandit S.
Tumalo C. S.
Head Metolius S.
Jack C. S.
Ranger C. S.
FallR. S.
FallR. S.

L. Deschutes R.
Fall R.
Wickiup Dam
Deschutes R.
John L.
Crescent C.
Deschutes R.
Deschutes R.
Soda C.

Fall C.
Rhyolite
Deschutes R.
Cultus C.
Deer C.
Cultus R.
Odell C.

Big Marsh C.
Refrigerator C.
Hemlock C.
Deschutes R.
Deschutes R.
Crooked R.
Deschutes R.
Deschutes R.
Tumalo C.
Tumalo Feed Canal
North Unit Main Canal
Todd C.
Soda C.

Fall C.
Goose C.
Deschutes R.
Snow C.

L. Deschutes R.
L. Deschutes R.
Crescent C.

L. Deschutes R.
Paulina C.

L. Deschutes R.
Fall R.
Deschutes R.
Cultus R.

S. Fork Crooked R.
N. Fork Crooked R.
Crooked R.
Mill C.
Ochoco C.
Tumalo C.
Metolius R.
Long Prairie
L. Deschutes R.
Odell C.
Deschutes R.
Deschutes@42
L. Deschutes R.
Fall R.
Deschutes R.
Johnny L.
Odell C.
Crescent C.

L. Deschutes R.
Long Prairie
L. Deschutes R.
Paulina C.
Cultus R.
Cultus C.
Deschutes R.
Snow C.
Goose C.
Soda C.

Fall C.

S. Fork Crooked R.
N. Fork Crooked R.
Crooked R.
Deschutes R.
Tumalo C.
Metolius R.
*n.d. = not determined
**N.D. = none detected

UTM 10T (Easting)

0596648
0595099
0596763
0597919
0597831
0599048
0690694
0692163
0706819
0615902
0608475
0601437
0590172
0609996
0609996
0620772
0614664
0605755
0598049
0596979
0593574
0605308
0613548
0601949
0601666
0599675
0597783
0594728
0591702
0596689
0592655
0586369
0585471
0594933
0597249
0640742
0648352
0639268
0635249
0629875
0630830
0640175
0605699
0601923
0601068
0599076
0597785
0599203
0592018
0606137
0606542
0620836
0627045
0624409
0617806
0623486
0596689
0720716
0720357
0712938
0690638
0689934
0618129
0607941
0619824
0595215
0590376
0623486
0624409
0620772
0614664
0598049
0596979
0590376
0606542
0606137
0619824
0620836
0627045
0596689
0594728
0597783
0599203
0599076
0601949
0601666
0720716
0720357
0712938
0635249
0618129
0607941

Westing
4854370
4841360
4875527
4876820
4872300
4859246
4928363
4930262
4929341
4876645
4920837
4925676
4827747
4847015
4847015
4852680
4850543
4837493
4844199
4841834
4816717
4813112
4833453
4875489
4876009
4876292
4856674
4852419
4850544
4853306
4826990
4810258
4810678
4801538
4803561
4958515
4914081
4903111
4882860
4882391
4885235
4885042
4875303
4875453
4876007
4876739
4856666
4857163
4795640
4816109
4819320
4840059
4842850
4853052

489971
4859786
4853306
4888227
4888543
4889245
4921854
4908544
4876685
4923863
4832912
4802025
4825322
4859786
4853052
4852680
4850543
4844199
4841834
4825322
4819320
4816109
4832912
4840059
4842850
4853306
4852419
4856674
4857163
4876739
4875489
4876009
4888227
4888543
4889245
4882860
4876685
4923863

Sampling Date
7/1/09
7/1/09
7/2/09
7/2/09
7/2/09
7/2/09
7/3/09
7/3/09
7/3/09
7/5/09
7/5/09
7/5/09
7/6/09
7/6/09
8/11/09
6/24/09
6/24/09
6/24/09
6/24/09
6/24/09
6/24/09
6/24/09
6/24/09
6/25/09
6/25/09
6/25/09
6/25/09
6/25/09
6/25/09
6/25/09
6/25/09
6/25/09
6/25/09
6/25/09
6/25/09
6/27/09
6/27/09
6/27/09
6/27/09
6/27/09
6/27/09
6/27/09
6/28/09
6/28/09
6/28/09
6/28/09
6/28/09
6/28/09
6/30/09
6/30/09
6/30/09
6/30/09
6/30/09
6/30/09
6/30/09
6/30/09

7/1/09

7/3/09

7/3/09

7/3/09

7/3/09

7/3/09

7/5/09

7/5/09

7/6/09

7/6/09

7/6/09
8/11/09
8/11/09
8/11/09
8/11/09
8/11/09
8/11/09
8/11/09
8/11/09
8/11/09
8/12/09
8/12/09
8/12/09
8/12/09
8/12/09
8/12/09
8/12/09
8/12/09
8/12/09
8/12/09
8/12/09
8/12/09
8/12/09
8/13/09
8/13/09
8/13/09

Alkalinity (meq/l) DOC (ppm) Fe (ppm)
3

0.62 n.d.*
0.59 0.87
0.34 2.10
0.35 0.94
0.35 0.90
0.51 0.87
0.95 4.67
0.44 3.78
5.04 271
0.53 1.78
1.24 1.48
0.61 230
0.57 1.01
0.78 1.76
0.68 0.97
0.71 nd.
0.76 nd.
0.56 n.d.
0.44 n.d.
0.70 nd.
0.43 n.d.
0.39 n.d.
0.49 nd.
0.23 nd.
0.12 n.d.
0.23 n.d.
0.48 nd.
0.28 nd.
0.25 n.d.
0.64 n.d.
0.50 nd.
0.38 n.d.
0.41 n.d.
0.37 nd.
0.41 nd.
1.19 2.28
3.34 n.d.
0.49 n.d.
0.55 nd.
0.32 n.d.
0.24 n.d.
0.59 nd.
0.23 n.d.
0.17 0.95
0.08 n.d.
0.28 0.70
0.62 1.21
0.43 0.73
0.39 7.38
0.34 4.13
0.37 4.18
0.47 n.d.
6.68 220
0.51 4.52
n.d. 3.57
0.61 1.31
n.d. 1.35
5.77 8.94
1.80 5.87
4.02 5.68
1.31 0.68
3.89 4.11
0.23 2.00
1.12 1.96
045 6.66
0.41 1.35
0.39 2.59
0.47 2.19
0.38 2.84
0.48 2.06
0.59 0.72
0.31 3.60
0.54 1.70
0.36 1.20
0.26 1.57
0.37 1.58
0.28 272
0.27 1.76
6.70 1.49
0.42 0.92
0.13 1.67
0.29 223
0.34 0.74
0.19 0.81
0.25 0.71
0.08 0.55
6.88 11.19
1.80 3.41
3.20 5.48
0.51 1.58
045 1.65
0.99 0.64

177

9.13
4.14
4.35
0.35
5.54
24.12
44.86
124.59
2.64
7.52
6.55

Mg (ppm) Ca (ppm) K (ppm) Na (ppm) CI(ppm) SO4 (ppm)

4.17
2.88
1.36
0.98
1.78
1.72
2.54
0.86
21.83
2.28

16.52

0.82
0.81
0.51
1.02

46.79

13.02
243
2.71
6.34

553
523
3.70
1.60
1.94
3.08
11.71

0.68

1.30

0.28

0.29

0.62
0.68
0.78

1.37
1.64
1.22
1.32
2.78
1.55
2.89
1.63
12.17
1.51
5.41
1.83
2.33
2.50
231
1.98
3.00
1.81

22.42

0.69

42.62

2.70
2.07

3.81

Table 1. Geochemical data for springs and streams in the Deschutes Basin, Oregon.

1.31
1.35
1.48
1.81
1.63
1.62
1.47
1.45
2.36
1.32
2.36
1.49
1.92
1.39
1.94
2.08
2.04
1.53
1.30
1.41
1.26
1.87
1.62
1.82
1.54
1.28
1.91
1.49
1.83
2.21
1.96
1.31
1.34
1.40
2.11
2.37
4.99
1.81
1.66
1.92
1.87
1.63
1.21
1.80
1.89
1.28

1.84
2.38
1.92
1.60
1.73
3.15
1.97
1.90
2.16
1.57
15.05
1.36
7.18

1.62
1.24
2.19
1.46
2.05
1.37
2.15
1.95
2.03
1.93
1.87

1.96
1.82
2.71
191
2.02
3.25
1.93
1.86
1.87
1.86
1.86
1.90
1.82
19.47
2.11
6.04
2.17
2.27
2.66

1.74
1.75
1.92
2.81
3.25
2.45
1.98
2.05
2.51
1.84
2.24
1.84
1.86
2.10
2.18
2.02
2.14
1.84

1.87

32.50
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Figure 3. Geochemical correlation of alkalinity and Dissolved Organic Carbon with Fe, Mg, K, and Cl for springs and streams in
the Deschutes Basin, Oregon.
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Figure 2). On the eastern side of the basin the rocks
are mostly andesite, dacite and basalt. The range of
composition and age of the rocks within the basin
could result in different weathering rates and there-
fore different alkalinities. Thirdly, the eastern-most
region of the basin receives the least precipitation
and undergoes higher rates of evapotranspiration
than the rest of the basin (NADP/NTN, US Bureau
of Reclamation: AgriMet). To further test this third
hypothesis, discharge data for streams in the eastern
and western region of the basin could be determined
and water samples could be analyzed for elemental
concentrations. Looking at the elemental data to
discharge ratios could provide further insight into
this hypothesis.

There were 18 sampling locations that were sampled
in late June and early July 2009 and sampled again
in August 2009. Of these 18 sites, five of the samples
had significant increases in alkalinity and 13 had
significant decreases in alkalinity. These variations
appear to be random across the basin, which implies
that local changes are occurring to cause this tempo-
ral variation in data values.

Dissolved Organic Carbon (DOC)

DOC concentrations were divided into four groups
based on natural breaks in the data: low (less than
1.49 mg/1), moderately low (1.49-2.72 mg/l), mod-
erately high (2.73-4.67 mg/1) and high (greater than
4.67 mg/l). After reviewing Google Earth™ and

GIS maps (which accounts for land use, geology
and geographic location in the basin), the sample
sites with moderately high and high DOC values,
are controlled by marshy areas, decaying vegeta-
tion and/or agriculture. For example, a sample site
located along the South Fork of the Crooked River,
in the eastern part of the basin has the highest DOC
value of all samples (7/3/09 = 8.94 mg/l; 8/12/09 =
11.1 mg/1). There is heavy agriculture upstream of
the sampling location and near the sampling loca-
tion itself. In addition, there is a hay facility just
upstream of the sample site. At the facility there is a
barn with effluent fluid coming out of it (which can
be seen on Google Earth™). This heavy agriculture
and the presence of effluent fluid may contribute to

the high DOC value at this sampling location. The
South Fork of the Crooked River (which connects
to the North Fork of the Crooked River) also has a
high DOC (7/3/09 = 5.87 mg/1). This may also be
due to agricultural inputs from the North Fork of
the Crooked River. The Crooked River was sampled
a few miles downstream from this confluence and
it also had a high DOC (7/3/09 = 5.68 mg/1) but the
concentration is lower than that of the South Fork
and North Fork of the Crooked River. At another
sampling point located along the Little Deschutes
River in the southwest corner of the basin was very
swampy with a lot of vegetation and fallen logs; this
can account for the high DOC level (6/30/09 = 7.38
mg/1).

The sample sites with lower DOC values tend to be
in areas with less vegetation. For example, a site
along Snow Creek had low DOC levels (6/28/09 =
0.727 mg/l). Water at this site originates as snow
melt and travels through poorly vegetated lava flows.
Many of the sampling sites with low DOC levels
were located near the Three Sisters Volcanoes or
were in sparsely vegetated areas.

The majority of the springs have low to moderately
low DOC values except for three springs sampled on
the northeastern side of the basin, a spring next to a
logging area and two springs in a marshy area.

There were 12 sampling locations that were sampled
in late June and early July 2009 and sampled again in
August 2009. Of these 12 sites, four of the samples
had significant increases in DOC, seven had sig-
nificant decreases in DOC and one remained fairly
constant. These variations appear to be random
across the basin. A preliminary hypothesis would
suggest that localized precipitation is flushing the
DOC from the system creating increases in DOC
concentration and in areas with little to no precipita-
tion, the DOC concentration decreases.

Geochemical Correlation of Alkalinity and DOC
to Other Elements

There is a positive correlation between alkalinity and
Fe, Cl, SO,, Na, K, Ca and Mg, other elements such
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as Al and Si show weak to no correlation with alka-
linity (Fig. 3). In Figure 3a, there is a small range of
alkalinity values; however, around 100 ppm Fe there
is a large spread of alkalinity values. In Figures 3b
and 3c, correlation of higher alkalinity with higher
Mg and K values is used to suggest that the waters
in the northern and eastern region of the basin have
different residence times which may affect water/
rock interaction times, weathering and evapora-
tion rates. Na and Ca data mimic the Mg and K
data trends (Figs. 3a, 3b). Two parallel data trends
for alkalinity vs. Cl in Figure 3d are interpreted to
be the result of different, unidentified geochemi-

cal processes/sources affecting the waters. The data
points on the higher CI concentration trend are
from the Crooked River and the South Fork of the
Crooked River. The lower Cl concentration trend

is from Paulina Creek, Bandit Spring, and Ochoco
Creek (Table 1). SO, data mimic the Cl data trends
(Fig. 3d).

There is a positive correlation between DOC and Fe,
Cl, SO,, Na and K, other elements, such as Al, Ca,
Mg and Si show weak to no correlation with DOC.
Figure 3e shows a positive correlation between Fe
and DOC as noted in other studies and a weaker
positive correlation with Mg (Fig. 3f) (e.g. Bjorkvald
et al., 2008; pers. comm., 2010, Szramek). In Figure
3g, K (and Na) and DOC show a weak positive cor-
relation. Two parallel data trends for DOC vs. Cl in
Figure 3h are interpreted to be the result of climatic
differences within the basin. The data points on the
higher Cl concentration trend are from the Crooked
River and South Fork of the Crooked River. The
lower ClI concentration trend is from the North Fork
of the Crooked River and two locations in the south-
western region of the basin. Although precipita-
tion across the basin has similar Cl concentrations
(June-August 2008; 0.080 to 1.02 ppm), increased
evaporation in the northern and eastern portion

of the basin may contribute to the higher Cl values
in water samples from this region (NADP/NTN).
During precipitation events flushing of DOC and

Cl most likely occurs. SO, data mimic the CI data
trends (Fig. 3h).

CONCLUSIONS

Alkalinity and DOC concentrations most likely vary
across the Deschutes basin in response to changes in
land use, geology and climatic variation.

Higher alkalinity concentrations in the northern and
eastern parts of the Deschutes Basin are most likely
due to the presence of older, more weathered vol-
canic rock as compared to other parts of the basin.
Additionally, the drier climate in the eastern part of
the basin may lead to higher evaporation rates caus-
ing enhanced alkalinity values in samples from this
region. Random temporal variations in alkalinity
values from June to August also occur throughout
the basin but the cause is unknown.

High DOC concentrations in the basin are located
near marshy areas and areas where there is decaying
vegetation and/or agriculture. Areas of low DOC
concentrations occur where there is less vegetation
and/or snow melt, such as recent lava flows near
the Three Sisters Volcanoes. Temporal variations
in DOC concentrations within the basin are most
likely due to localized variations in precipitation.
General geochemical correlation of alkalinity and
DOC with various elements is probably related to
weathering rates, climatic variation, and geochemi-
cal processes.
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