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Abstract: Soil carbon is the third largest carbon pool within the global carbon cycle; however, soil carbon amounts are not well quantified, and exchange rates of soil carbon are not well understood. Soil carbon can be divided into organic carbon and inorganic carbon, where inorganic carbon

(pedogenic carbonate) is precipitated during soil formation and accumulates over time in semi-arid and arid environments. Calcic soils within the semiarid regions of the Boise Valley result from active pedogenic accumulation of secondary CaCO, resulting in prominent ‘caliche’ layers in soils
formed on the Boise River terraces. The larger goals of this project are to quantify inorganic carbon sequestered within the Boise River terraces, and investigate rates of carbonate dissolution due to irrigation. This portion of the project focuses on developing methods for measuring inorganic
carbon content in soils using pressurized calcimetry. Samples are acidified within a closed system to form CO,, under constant temperature, allowing time-pressure readings to delineate the levels of inorganic carbon present. Future work will reveal trends in carbon content with depth in individual
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Ten Mile Rd.-A Soil Profile Ten Mile Rd.- B Soil Profile Airport Rd. Soil Profile McDermott Rd. Soil Profile e

- This study guantifies amounts of inorganic carbon in terrace soils of the Boise River;
- future studies will investigate variability in soil carbon with terrace age and land use.
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> Inorganic calcium carbonate (CaCO,) or ‘caliche’ forms naturally in semi-arid and arid soils

150 150 Gt 150 o] 150 ’

N

o

S
*

200

» Ongoing and future climate change driven by increases in atmospheric CO, have highlighted the importance
of understanding where carbon is stored and quantifying rates of carbon exchange
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“ »>This ‘caliche’ may represent a large carbon sink, but amounts of inorganic soil carbon are unknown 300
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‘= » Furthermore, anthropogenic activities such as irrigation may be dissolving this carbon UL SRS e U RS e S W A S e A S U A
5 - As minerals are leached from the surface, they are
- translocated with the aid of precipitation through
" pore spaces and accumulate within the B horizon.
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- Terraces and soils of the Boise River Valley
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i »>8 river terraces within the Eastern portion of the valley and 6 within the Western portion (Fig.2 & Fig. 3).

» Accumulations of carbonate occur in various stages from filaments, wisps, and nodules to carbonate coatings

on clasts,(pendants) and indurated nodules or laminae (Fig.1). These stages are indicative of age, moderate i
precipitation, and a good supply of wind-blown loess which supply the soluble ions needed for the
development of calcium carbonate.

Carbon Thickness (cm) “ Carbon thickness (cm) Carbon Thickness (cm) 55 Carbon Thickness (cm)
0.0 1.0 2.0 3.0 40 FEi 0.0 1.0 2.0 3.0 4.0 0.0 0.5 1.0 15 i 0.0 0.5 1.0 1.5

| . Carbonate plugs can develop at the base of B
<~ ¢ horizons where accumulation and cementation of
Carbon Coftent ... minerals occur. This can form an indurated shelf

>3 : . . . : . ) Expressed as T/{asiem) | ;_!r;i‘ known as a K horizon, which Subsequently Inhibits
25 >T JAY T R 00 10 2.0WSS0" s@h ¥ ! i
2% he ||||ty errace Is the fifth terrace above the Boise IVer, and is believed to be analogOUS to the Deerflat S~ the further translocation of soluble inerals

Terrace which is situated to the West. 2 downward in the profile. (left)
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»The Amity terrace is constrained in age by K/Ar and Ar-40/Ar-39 dating of lava flows above and below the SR '
-2 Amity Terrace to between 1.001 + 0.098 Ma and 1.376 + 0.205Ma (Othberg and Burnham 1990). E e e cacos* | Bl = B | - | -

*

Thin discontimious clast coatings, some : : : 340 ¢ 400 * 400 400
. . Few filaments or coatings on sand grains, 7
I filamments; matriz can be calcareousnext to 4% <10%% CaCO3 £ 450
(1] b A '.l‘; ‘ ]
stones; about 4% CaClO3 YLK 390 * 7 450 5% 450 el I
MTany or all clast coatings arethin and o PR s ey
continucous

» Currently we have collected and analyzed carbon samples from 4 locations within the Amity terrace (Fig.3)
as a first step towards gaining a better understanding of fluxes within our local carbon cycle.

8%a Filaments are corrugmnon 805

Figure 5. Carbon at depth indicates the estimated carbon percentage within each soil horizon sampled. Higher levels of CaCO, yield
Continucus clast coatings; local cementation of Hodules is slightly whitened by carbonate (15- = higher percentages of carbon since carbon constitutes 12% of its’ mass. Equivalent carbon thickness at soil depth is a compilation of
oty e sey el elass, B ek 15 leesamad 10%  50% by area), and the latter occurs in veinlets  10% = carbon found within each soil horizon as if it were condensed into tabular form with a visible thickness. Each thickness is plotted at a
calcareous enough to give somewhat whitened and as filaments sorme matriz can b e _ ] . )

; -~ depth analogous to the depth of the horizon from which it is derived.

»We expect to find measurable variations in carbon levels among and within terraces due to inherent
* variability in soil forming processes.

Few to cormmmmon nodules, matris b etween

b
b

SRR noncalcarecus; about 10-15%0 CaC O3 52

Cormimon nodules, S0-20%4% of matrix is
whitened, about 15%0 CaC O3

Corntinuity of fabric high in carbonate

Same as stage I, except carbonate in matrxis

I+ ;
II1Ore perwy asiv e,

15%%0

Horizon has 50-90%% of gramns coated with

carbonate, forming an essentially continuous

IIT mediuml color mostly white; carb onate-rich 20%0
lavers more cormimaon in upper part; about 20-

25% Ca O3,

MAost clasts havethiclk carbonate coats, matriss
particles continuously coated with carbonate or
pores plugged by carboante, cementation more
or less continuous, =4 0840 CalO3,

Iany nodules, and carbonate coats somany
grainsthat over 20%% of horzon 15 white, PR
carb onate-rich lavers more corrumon in upper e
part, about 2084 CaCO3. '

Ten Mile Rd. Profiles:
-+ The inorganic carbon content within the Ten Mile Rd profiles are located south of an irrigated field and appear to be undisturbed

=~ where the profiles were taken. The eastern corner of the outcrop , nearer to profile A, contains an ephemeral stream. Profile A

. contains 2.1% carbon, a slight decrease from profile B, which is located approximately 30 yards to the west along the same outcrop.
S _Jf.?;;(_-% (Table 2). Profile B contained slightly higher levels of sequestered carbon (2.3%). The increase in precipitation nearer to profile A
- suggests that perhaps calcium carbonate is under active dissolution. Both of these profiles also contain a bimodal carbon peak (Fig.

Tpperpart to K horizon 1s nearly pure cemented carbonate (75-920%0 CaCO3)and has a wealt plaby structure el

IV |[duetothe weakly expressed laminar depositional layers of carbonate;, therest ofthe horizon is pluggedwith  80%6 2 5), which indicates a variances between rates of accumulation. These types of bimodal peaks may indicate a climatic shift which

R S > would have affected temperature and precipitation levels causing period of high leaching and caliche accumulation followed by

952 periods of slow leaching and high loess deposition.

Iost grains coated with carbonate, mostpores

1006 plugged, =40%0 CaCO3,

50%0

Partly or enttirely cemenied (irrespective of parent material)
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Laminar laver and platy struchire are strongly expressed, incipient brecciation and piscolith (thin, multiple

K lavers of carbonate surrounding particles) formation

caloic NATEHITRIE Y /-‘ } ) — e s et

I Erecciation and recementation (rmultiple generations), as well as pisoliths, are common. 0509

}-“ Airport Rd. and McDermott Rd. Profiles:

.+ The location of these sites is situated within a largely disturbed gravel pit, whereby some of the soil has been buried or remixed.
There are no irrigation sources located near the sites currently. Carbon levels for Airport Rd. are 1.3%,, nearly 45% less than that of
the Ten Mile Rd. sites. The McDermott site was the most disturbed of the profiles, and contained .66% carbon, which is a 70% drop
from that of the Ten Mile Rd. sites. While the pre-disturbance values of pedogenic carbonate are unknown, measured CaCO; values
L are lower for disturbed areas.

B SE = Bowse -"/ E ndurateg TEMNMILE
- _l_.-"'- B o laty chripam .

F bBuried by boess \
TP e =Tg duripan Dueried by oass £ T

o curipasn i and skackwater sediments _ . —
= H bursec by D EEFR FL& / =

SiachowERTe Se dirmenits H WL D ER _

H = = H BL_IxE —
7 50 i i :
- AL A LT LS TWESNL N MO WL L PO A L e, T et e m e m—m o o

Carbon contained within the horizon
as an expression of thickness (cm).

+ b ad - N - - s
9 =4 - e X * a3 s N D e V."i‘.‘ -‘\“ . R
g . - 2 > B . - E > . L

- soo —— NI PR BTN N NI AT NI A NTC NI AT

Table 1. Stages of carbonate morphology in gravelly and nongravelly parent material [Modified from Birkeland et al. (1991)] ;ﬁjfi;
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_ Figure 2. Profiles of the Eastern and Western Boise Valley terraces, accompanied by corresponding soil characteristics (Othberg 1997). Sgeg
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-« Variation in loess deposits between sites would control the amount of soluble minerals available for leaching
.+« Surface flow of water ultimately controls the translocation of soluble minerals through the profile
=2« Faunal variations between sites which aid in the precipitation of calcium carbonate through absorption of water from the soil

f v Profile of Carbon (cm) Profile Depth (cm) | Sequestered (%) [ 5 : & e
- 2Ten Mile Rd - A 7.3 342 2.1%@ e ROt Pt
‘. "t{Ten Mile Rd. -B 6.3 270 2.3%00 — o e
" McDermott R, 26 390 0.66% Table 2. Estimated percentage of each profile

o R T T 139 that actively contains carbon
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Standard Calibration Curve for Calcimetric Pressure of Pure Figure 4. To ensure that a true
CaCO, Acidified in 20% HCL . representative sample is attained, all : | |
ol S -+ sediment is systematically (il " A
: S Ten Mile R. Profiles (A,B) WA O e - pulverized , divided, and powdered =[S\ = | S
D e : to reach a final consistency of
< 250pum. Chipmunk crusher reduces

14000 Rl S5

.+ cobbles to coarse gravel (A).
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1. Quantify the carbon within terraces, determine variations in carbon content with terrace age, and extrapolate soil carbon values
to larger areas
2. Investigate if and to what extent variations in carbon storage can be measured due to irrigation

. 1,6000
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~ Amity Terrace-

~ i, 3 Gowen Terrace
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S AR 2 - i oo 2 using a soil divider (not shown). =
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= £ POk SR D 1| £ o .% subsample into its’ final consistency

ol A FRPT- iy R \o R |&4 S e ‘= (C). Samples are then weighed into
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~ - — . ~2.0g and acidified using 10.0mL of :

Birkeland, P.W. 1999. Soils and geomorphology, 3 ed. Oxford University Press, New York, 430 p.

j-_;-‘:‘,{-'-i;' Emmeric, W. E. (2003), Carbon dioxide fluxes in a semiarid environment with high carbonate soils, Agricultural and Forest Meteorology, 116(1-2).

, _:?‘-._‘7?. Gile, L.H., F.F. Peterson and R.B. Grossman, 1966. Morphology and genetic sequences of carbonate accumulation in desert soils, Soil Sci. 101:347-360.
i Othberg, K. L. (1994), Geology and geomorphology of the Boise Valley and adjoining areas, Western Snake River Plain, Idaho, Idaho Geological Survey, Bull.29,
54.

274 Othberg, K. L., and L. R. Stanford (1992), Geologic map of the Boise Valley and adjoining area, Western Snake River Plain, Idaho 1:100 000, Idaho Geological
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Calcimetric Pressure of CO2 upon Acidification (Kpa)
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