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Geology of the Mary Lou Quarry*

Paul A. Schroeder!2
Tyler Cannidal
Alp Unal?!

Jay Austin3?

1 University of Georgia, Department of Geology
Z Istanbul Technical University, Geological Engineering
3Duke University, Nicholas School of the Environment

South East - Friends of the Pleistocene Field Trip
February 23-25, 2018

*Special thanks to Doug Larson and Hanson Aggregates, Greer, SC

Neoproterozoics have been mapped by Wright and Connie (2001) where they generally found either
biotite-quartz-feldspar gneiss in the region of the Whitmire Complex or metadiorite in the Wildcat
Complex (comprised of plutons and sub-volcanics)

Horton, J. Wright, and Dicken, Connie L., 2001, Preliminary Geologic Map of the Appalachian Piedmont
and Blue Ridge, South Carolina Segment: U.S. Geological Survey, Open-File Report 01-298
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The preconditioning
of bedrock for
Earth’s critical zone

Anderson 2015

GEOPHYSICS

Pinched topography initiates the critical zone

Geophysical imaging provides a clearer picture of how rock turns into soil

By Robert S. Anderson

n Earth sciences, the critical zone rep-

resents the intersection of the biosphere

with the atmosphere, hydrosphere,

and lithosphere (7, 2). The myriad in-

teractions and feedbacks among these

systems assure us of a world with con-
siderable complexity, in which the critical
zone varies in thickness, mineralogy, perme-
ability (3), and structure of ecosystems (4).
It is no wonder, then, that we lack a general
theory of how the critical zone works. On
page xxxx of this issue, St. Clair et al. (5) ar-
gue that we must take the broadest possible
view of, and acknowledge a role for, large-
scale tectonic stresses in guiding the pattern
of cracking of rock in the subsurface.

Consider a hillslope bounded by stream
channels (see the figure). Rock is released
as transportable particles into the soil on
its surface, which then carries the particles
through physical and biological transport
processes to streams. Water, by contrast, is
poured onto the landscape from above, ei-
ther as rain or as snowmelt, with chemistry
that is effectively distilled through evapo-
ration from its source. The water travels
downward through the soil, and through
rock fractures that ultimately deliver it to
the stream. As the water travels, interac-
tion with the minerals of the soil and rock,
catalyzed by biological interactions, both
changes the strength, porosity, and perme-
ability of the rock, and charges the water
with ions that constitute the nutrient sup-
ply for plants. The generation of porosity
transforms the rock into a substrate ca-
pable of sustaining an ecosystem, which
in turn, through the action of roots, aids
in the breakdown of rock (2, 3). These two
trajectories, of rock particles and of water
molecules, tangle in the critical zone, where
their manifold interactions are indeed criti-
cal to life—hence the “critical zone.”

The most difficult of these processes
to document are those that herald the ar-
rival of rock into the surface environment
and initiate its transformation from un-
weathered fresh rock. Any debate about
the relative importance of processes tied
to the surface, and those initiated at much

Institute for Arctic and Alpine Research, University
of Colorado, Boulder, CO 80303-0450, USA. E-mail:
robert.s.anderson@colorado.edu

greater depths (6), in promoting the trans-
formation of fresh rock must ultimately be
informed by field data.

Seismic refraction and electrical resis-
tivity methods, often used in deep crustal
studies, are seeing greater use in shallow
settings (7 8). St. Clair et al. undertook a
campaign-style geophysical characteriza-
tion of the subsurface across ridge-channel
pairs in multiple landscapes. They lever-
aged the geologic and climatic diversity of
accessible, well-studied sites within the U.S.

Critical Zone Observatory network. Using
sites in the humid eastern United States and
in the Rockies of the arid western United
States, the team found surprisingly differ-
ent patterns of seismic velocities across
the ridge-slope-channel transects. In some
sites, low seismic velocities, interpreted as
high density of cracks in the subsurface,
were confined to a thin surface-parallel
layer. In others, the zone of low-velocity,
cracked rock extends more deeply beneath
the ridges than below the stream chan-

The critical zone

Mobile regolith Evaporation

Saprolite |\ /

Perched water system

Fresh but fractured rock

JTranspiration

Channel

—_—
Farfield tectonic stresses

The critical zone. Transformation of fresh rock into soil involves cracking of the rock, and chemical attack of its
minerals. Coevolution of the permeability of the rock mass, the pattem of water flow (blue arrows), and the ecosystem
constitute acomplex system that varies intime and location asa result of rock type and climate. St. Clair et al. argue
that the pattern of cracking of the rock as it nears the surface also depends on topographic stresses, reflecting the
interplay between the topography itself and the far-field stresses that pinch the topography (arrows).

nels, generating a “bowtie” image. These
very different patterns of deep critical zone
structure are not easily explained with cli-
mate. The authors used a numerical model
of the state of stress in an elastic rock mass
into which a landscape has been carved (9)
to calculate the pattern of expected crack-
ing of the rock The topographic stresses
arise from both the topography itself, and
the far-field horizontal stresses imposed
by the tectonic setting (arrows in figure)
constrained by an existing world map of
stresses. As the far-field stresses are in-
creased, the pattern of expected cracking
morphs from the surface-parallel to bowtie
patterns, capturing both end-members of
the observed seismic images. This is indeed
an encouraging result.

Are we to believe their results? In many
mountain ranges, the rock arriving in the
near-surface zone is already riddled with
flaws that have accumulated as it moved
through the tectonic stress fields of pres-
ent and past orogenies (10). To what degree
does the presence of such preexisting flaws
violate the assumption that the rock be-
haves as a uniform elastic medium? How
well does the present state of stress reflect
the long-term history of stress to which
a rock has been subjected? One can also
imagine situations in which other pro-
cesses that generate near-surface cracks
[for example, frost-cracking (11)], or that
chemically weather the rock as it nears the
surface (I2), are instead the rate-limiting
steps in damaging the rock.

Whatever the answers, the results re-
ported by St. Clair et al. will challenge the
broader community to entertain a role for
the state of stress imposed by the topogra-
phy itself and its tectonic setting. They have
also demonstrated the utility of classical
geophysical methods and of a network of
sites to test their ideas. m
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Welcome to
Padgett’s
Creek Baptist
Church T

and to the
understudied but

remarkably
exciting,
rolling Piedmont!

Start with a topo
map to illustrate
how far we have
come!!

Compare with
next image from
LiDAR data of
same landscape




Welcome to
Padgett’s
Creek Baptist
Church T

and to the
understudied but
remarkably
exciting,

rolling Piedmont

The vista from church
is of broad, low-
curvature landforms,
common to much of
the Southern Piedmont

Ancient landforms,
roughly in steady
state, with v slow
weathering & erosion.

Textbook vision:

Soil and regolith that
is 10s meters in depth,
covering weathering
crystalline bedrock.

High resolution

100 km? LiDAR on _—W
opentopography.org

w/ >50 ground returns

per sq meter!




2008 Slope map from SC sta
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Soil as a Clay Factory -
 ~25% of soils globally have coarse-
over-fine textures, aka COF

* Nearly always attributed to
e/1lluviation, ie, lessivage

* Argillic (Bt) horizons

* Pedoturbation & lessivage

Depth, meters

0

15

20

0

Clay size fraction, % mass

20 40

-
Bt horizon

C horizon, saprolite

60

Soil-weathering
profile of a
residual Udult

: from granite,
Piedmont SC -
USFS Calhoun
Experimental
Forest, aka
Calhoun CZO
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Soil or Regolith Production —

from “an unrecognized pedologist”, Grove Karl Gilbert,
one of Dutton’s ensemble along with John Wesley Powell

AMEIRICAN LAND AND LITE SERIES

Grove Karl Gilbert

. ' A Great Engine of Research
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In 1877, G.K. Gilbert, in the Geology of the Henry
Mountains, stated with wonder,

“Over nearly the whole of the earth's surface, there

1S a soil, and wherever this exists we know that

conditions are more favorable to weathering than to

transportation.”

Weathering- the liberation of particles & solutes from
parent rock

Transportation- the erosional & soluble loss of the

products of weathering



Gilbert‘s soil, later to be called “regolith* by Merrill (1898) a
fundamental attribute of Earth

Remarkably, Gilbert‘s work went
uncirculated until re-discovery
by geomorphologists &
landscape evolution modelers
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Gilbert’s 1deas on so1l have formally been introduced
to the soil sciences, “a fly yet to be taken”

Available online at www.sciencedirect.com
ScienceDirect GEODERMA

F.I .SFV IER Geoderma 139 (2007) 73 78

www.elsevier.com/locate/geoderma

The soil production function: A brief history and its rediscovery

Geoff S. Humphreys *, Marshall T. Wilkinson '

Department of Physical Geography, Macquarie University, NSW, 2109, Australia

Received 4 January 2006; received in revised form 16 December 2006; accepted 8 January 2007
Available online 15 Febrary 2007

Humphreys & Wilkinson 2007 Geoderma
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Gilbert’s simple &
elegant expression
of soil or regolith
production

across most of
Earth’s surfaces,
climates, lithologies,
biomes, anthromes,
there 1s a soil or a
regolith,

1.e., over time,
W>T

atmospheric <

deposition __~

——————

Soil production

| weathering
| advance

l-

net

transportation
losses, erosion
& drainage (T)

drainage
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To study the full weathering profile, Bacon led a bore hole drilling
project, down 38-m thru soil, saprolite, & weathered & fractured
granite, & ~30-m 1nto the protolith itself.

Seismic velocities across the landscape, Holbrook et al. in review

Fractured bedrock (~2 km/s)
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Intact bedrock (~4 km/s)

100 150
Distance (m)

10Be residence time >2 million y!
Weathering fronts 12-40-m!
pH ~4 to 12-m!

Element mass balances « Bgcon et al. 2012 GEOLOGY .




The soil-weathering profile,
regolith, as a physical structure 0
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Two processes that drive regolith formation
1. Regional/local-topographic stresses fracture & precondition bedrock
for the critical zone (bottom up)

Seismic velocities (km/s) estimated by WyCEHG
Textbooks

- Stress modelling,
" Seulgi Moon —
| St. Clair et al. 2016

E
-
r=Y
Vp (km/s) & -
soil rock
B T YO 400 200 300 400 500
1 2 3 4 5 meters

Calhoun’s observed seismic velocity “bowtie”
in St.Clair et al. 2016, SCIENCE 350



C cycle
Duke FACE
Forest

Finzi et al. 2005, gC/m?y

Hypo: a small fraction of
COy & HyCO4*from
soll respiration drives
deep biogeochemical

weathering

Oh & Richter 2005

Processes that drive weathering & regolith formation

2. Carbonic acid dissolution -

So1l/CZ metabolism, 1e, soil respiration,
affects a potent bgc weathering attack on
weatherable minerals
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Depth m

Calhoun soil production
“treadmill” composed

of rivers of weathering
feldspars.

Carbonic acid dissolves
feldspars into kaolinites &
solutes, all within ‘the
Calhoun’s soil clay factory”

Total elementals

e Bacon et al. 2012
BlPiag (Ab74)

e Geochem model

—e V. Marcon, &
a5 Brantley, PSA

“ &0 I Altered Biotite
% of total llite N

W&E Rates ~1-10m/My

80 100




Remarkable are depth | |
Clay size fraction, % mass

distributions of particle sizes 0 20 40 60
0 ~

Bt horizon

* ~25% of soils globally have
coarse-over-fine textures,

o g

aka COF 2
= C horizon, saprolite

* Nearly always attributed to <
. .. . 2 Soil-weathering
e/1lluviation or lessivage 810 | orofile of a
eqq- . . . residual Udult
* Argillic (Bt) horizons indicate . from granite,
that lessivage keeps pace with | Piedmont SC

bioturbation
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12

16

Kaolinites are silts & sand sized

in saprolite
c = 2 = 3
- -
<50 um

<2 um

007

Depth, m

Calhoun CZO profile

80

% of total
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Hypothesis: Argillic clay depends as much on the soil production system,
what 1t 1s fed from below, as it does on lessivage or e/illuviation

- Clay - -Silt-  Finesand Med & cs sand

, <0.2um <2um  <20um <50um <100um <250um <500um <l mm <2 mm
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Jay Austin-Paul Schroeder’s QXRD data appears to confirm the losses of sand-sized
kaolinites & orthoclase were associated with gains in these minerals in smaller size classes:

Hypo: comminution is an underexplored soil process
by which small size fractions accumulate in soil

Fine Clay Clay Fine Silt Silt Very Fine Sand Fine Sand Sand Coarse Sand
<0.2um 0.2-2um 2-20um 20-50um 50-100um 100 - 250 um 250-500um 500-1000 um
Horizon  Depth (cm) o %Wol) 35 g %Wol) g9 g %WMOL) 39 g %((oOl) g5 g %O} g5 g %((Ol) g5 o %(ol) g5 o %(vol) 44
A 0-6.7
AE 6.7-12.7 Bnl_ j :IJ j
E 12.7-31.7
BE 31.7-60
B1 60-100 -
B2 100-150 + +
B3 150-200
B4 200-250 - - -
BC 250-300
cl 300-350 | + |
CB 350-400
C2 400-450 ]
C3 450-500 ]
C4 500610 ] [
C5 610-762 I
c6 762-914 I |
c7 914-1067 I
C8 1067-1219 I
C9 1219-1371
Cl0 1676-1828 |
O %oy 30 0 %o 30 0 %oy 0 0 wwoy 000 gwoy 0 0 oy 0 0 wwoy 0 0 wpony 0
Modeled Abundance (Wt. %)
= HIV Quartz QXRD Size Ranges: 45-63 um 63-125um 125-250 um 250-500 um 500-1000 um
Smectite Feldspar (Orthoclase + Microcline)
m Vermiculite  m Mica (Biotite + Muscovite + lllite)
u lllite Kaolinite

Very Coarse Sand
1000 - 2000 um

0 % (vol.) 30

0 30

% (vol.)

1000-2000 um
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Hypo: argillic clay depends as much on the soil production
system, 1e, what 1s fed from below, as 1t does on lessivage

Diabase, Enon series

Cay
’,t .

’,d" v
/
'l

/ s ||
i | ophus | |
\ Sand

‘0 »
‘." Smectite

% clay and % silt + sand (x-axis)
vs depth in meters in soils
derived from three lithologies
on Piedmont interfluves

(Oh & Richter 2005, Geoderma)

’

Phyllite, Tarrus series

Mixed
mineralogy

Granitic gneiss, Cecil series

r
/ Kaolinite

The figures illustrate vertical-
contrast-texture (VTC) soils &
coarse-fine-coarse textures

of the soil production system

30



The Ultisol soil, Cataula series

TABLE 1. PHYSICAL AND CHEMICAL PROPERTIES OF THE SOUTHERN PIEDMONT ULTISOL

Depth p* Clay Sand C ECECt EBSS totZr totCa totAl totFe hheFe tot®Be hhe®Be °Be "
m  (gem’) (%) (%) PH (%) (cmolkg) (%) (mg/g) (ug/g) (10catmsg)  Strain
A 0.00-0.07 1.10 50 764 370 233 1.9 21.9 0.73 024 16.9 7.52 218 0.23 0.11 247 -0.5
AE 0.07-0.13 1.42 6.1 768 4.05 1.33 1.3 19.2 0.77 0.27 19.3 6.96 2.51 0.27 0.10 : -0.6
E 0.13-0.32 1.40 77 740 413 054 0.9 19.6 0.71 0.20 23.0 7.73 3.17 0.34 0.13 3.22 -0.6
Bt 0.32-0.6 1.63 419 420 403 0.24 35 23.8 043 0.07 108.0 26.37 18.83 0.77 0.22 6.90 -04
Bt 0.6-1.0 1.44 529 272 406 0.13 4.6 16.1 028 0.04 161.7 3475 2299 1.18 0.14 6.86 0.1
Bt 1.0-1.5 1.41 40.1 334 398 0.09 4.6 7.9 0.27 0.04 146.2 27.98 17.69 1.10 0.16 452 0.2
BC 1.5-2.0 1.41 229 452 399 0.04 3.8 54 035 0.04 1325 23.47 1269 1.19 0.22 2.94 -0.1
CB 2.0-25 1.34 136 557 396 0.08 3.7 41 0.34 0.04 1289 22.07 11.77 1.08 0.34 2.63 0.0
CB 2.5-3.0 1.32 73 611 3.92 0.02 29 4.3 0.34 0.04 114.0 19.24 8.90 1.03 0.37 2.27 0.0
C 3.0-35 1.27 36 659 389 0.01 2.8 49 0.36 0.06 113.0 20.10 9.61 1.18 0.50 2.08 -0.1
C 3540 1.29 41 65,6 3.88 0.02 31 6.6 032 0.06 1054 19.18 8.81 1.05 0.46 218 0.1
C 4.0-4.5 1.26 42 672 388 0.01 4.0 6.5 0.33 0.06 1045 18.56 9.07 1.03 0.41 2.60 0.1
C 45-5.0 1.29 46 673 394 0.02 2.7 7.0 0.34 0.07 100.0 18.40 8.32 1.00 0.40 2.06 0.0
C 5.0-55 1.26 33 678 394 0.01 2.7 7.4 0.36 0.07 1058 18.52 8.05 1.05 0.43 213 0.0
C 5.5-6.1 1.27 35 680 395 0.02 25 9.8 037 0.08 106.3 20.20 9.53 1.07 0.54 : -0.1
C 6.1-7.6 1.27 47 69.0 4.00 - 2.6 8.8 054 042 107.7 28.28 18.68 1.54 0.64 -04
ctt 7.6-9.1 1.27 59 664 405 - 2.0 201 048 022 106.8 2748 1710 1.67 1.06 4.86 -0.3
C 9.1-10.7 1.27 52 656 417 - 21 499 042 032 1058 26.68 16.10 1.80 1.09 -0.2
C 10.7-12.2 1.27 52 686 4235 - 24 74.8 0.39 0.59 99.9 2280 13.60 1.88 1.20 955 -0.1
C 12.2-13.7 1.27 59 650 441 - 2.5 79.1 0.41 1.13 1023 2269 1345 2.27 1.25 : -0.2
(03 13.7-16.8 1.27 37 746 496 - 2.8 87.8 0.38 443 08.1 2427 1461 2.26 1.19 g7 -0.1
C 16.8-18.3 1.27 15 843 551 - 31 06.5 034 772 93.9 25.84 15.76 2.24 1.14 0.0

Notes: Hor—soll horizon; tot—total; hhe—hydroxylamine hydrochloride extractable. Variability between the three continuous cores reported in Table DR1 (see
footnote 1). Samples stored with the Calhoun Experimental Forest archives (Duke University, Durham, North Carolina). Hyphen (-) indicates that percent carbon was not
measured below 6.1 m.

*p measured from 0.0-0.6 m with a bulk density corer (n = 3), p from 0.6-5.0 m data from Markewitz et al. (1998), and below 5.0 m p is assumed fo be the mean from

3-5m.

tEffective cation exchange capacity (ECEC) calculated as the sum of exchangeable base cations (Na, Mg, K, and Ca) and exchangeable acidity.

SEffective base saturation (EBS) calculated by dividing the sum of the exchangeable base cations (Na, Mg, K, and Ca) by effective cation exchange capacity.
**Referenced to Zr in the 16.8—18.3 m horizon.
ttDue to incomplete fusion, total concentrations not estimated at this depth. Total Zr, Ca, Al, Fe, and °Be reported are means of the overlying and underlying horizon.

$No samples collected from 13.7—16.8 m. Reported values are the mean of the overlying and underlying horizon.

#19Bg not measured from 13.7-18.3 m (see text).
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Cataula soil’s C-Fe rhizogenic redox cycling: Carbon oxidation under moist conditions
with low 02, can readily reduce Felll to Fell, increasing the solubility of Fe by >6 orders
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Base saturation (%)

Invaluable 60-yr field experiment with sample archive

in which long cultivated
with Pinus taeda, which |

100

40

20

, eroded cotton fields were planted
nave both demanded much from but

also benefited the upper soil environment
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Very rapidly and deeply, forest C was As the forest regrew on the

incorporated into the soil’s organic previously limed soil, acidification
matter from the atmosphere’s near was pronounced
doubling of 14C-CO, during aboveground
nuclear bomb testing “
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Rose Hill State
Park

Gov. Gist Plantation
with cotton era
gullies approaching
from 360°

Planning proceeding with
SC State Park, Sumter NF, &
local churches for park
re-Interpretation that
involves environmental
history of land & people
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USFS Purchase photos demonstrate farmers’ frequent use of terraces
in attempt to control soil erosion, many likely dating from 19t ¢

1933 Purchase photos 2008 Slope map from SC stateW|de L|DAR




Sardis Road Site
Cecil Soil Profile with Richter and Environmental History with Mike Couglan
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Zach Brecheisen’s Hortonian ordering of upland interfluves
We've spent most of our time today on high-order interfluves, those that are broad &

with low curvature.
Hwy 49 roadcut site is on a low order interfluve, with relatively higher geologic erosion.
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Sedalia
Camp
Ground,
Bombing
Range Rd

Surrounded
by terraces

2016 Ground
Returns from
Calhoun High

Res LiDAR
Opentopography.org

-~




Diffusion-
controlled,
“relic
Landforms’
occupy
<0.1% of
the upland
landscape

)

Various
local-scale
human
disturbances
dominate the
Piedmont’s
surface,
including
advectively
formed gullies

Slope map:
Black steep
White level




Diffusion

and

advection

on landscapes

Brecheisen’s
approach to
identifying
relic landforms

Brecheisen &
Richter,
submitted.

CCz0

Research Area 8
With Feb 2016
High Res LiDAR

-
e
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Combining:

* Local surface roughness from
2016 LiDAR

e 1933 canopy brightness

* Winter canopy redness 2015

Brecheisen identified about
about a dozen relic-landform,
“reference hardwood”, small
watersheds across the Calhoun
CZO, watersheds that occupy
<0.1% of the CCZO.

CCzo
Research Area 8
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Holcombe’s
DAR
Opentopography.org
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High Res Li
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Holcombe’s
Branch
Watershed
~600 ha

Slope map from
2008 SC LiDAR




1933

Aerial photo of
Holcombe’s Branch
Watershed




Calhoun Experimental Forest’s Re- and Up-instrumented Experimental Watersheds
~1947-1962, 2014-present




Historic (Holocene) sedimentation in the Southern Piedmont

ig. o ——=wWillow ‘tee purtiy Su seanmentation 1 Fergusou Creek floud plain, Spartan ig. - —A small Picdmon: stream chi nel badly choked wit: saz.. Ferguson Creek, Sps-

¢
burg Tounty, S, 7l The tree hed cer- se=tly girdlea, and the section from which bark wa: tanbury Coun . tn - Rittenhousa
siripped had the  Heen partly caverea vy ~ 23 new deposits. This ix i~ an area ~here depositiza
was unuzually re. d at thzt because ¢1 @ !ocal “plug’” of s&nd is ‘%> smai. strea= chan
show™ in figure 1 /™%t “tenhouse.)

Contemporary floodplain of CCZO
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Holcombe’s
Branch
Floodplain
Legacy
Sediment —

Elevations of
legacy sediments

. 4 GSites
Elevation
- 136 m

108 m
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Bulk soil organic
radiocarbon (A*C%o)
of four alluvial soil
profiles along 400m
of Old Ray’s Tributary

Data courtesy of
Alex Cherkinsky &
Anna Wade
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Tansley review

‘One physical system': Tansley's ecosystem as
Earth's critical zone

Author for comespondance: Dani .Ri ! Billings®
Farvirripee ! aniel deB. Richter’ and Sharon A. Billings
Tek 40191947% 7939 Nichoba Scha ol feheEawm e, Dhdee Useverary, Dharham NC 27708, USA Depaness o Fealogy nd Evelusonasy Buology
Emall: drichtar@duke. ady and Kamas Buclogral Saovey, Unwesscy of Ko, Lawewacs, ¥5 66047, 154
Recewed: 29 October 2014
Accepied: 8 January 201%
Contents
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New Phytologiz (2015) 206: 00912
dol:10.1111/nph 13338

Keywords: blogeochemisty, bo geoTiences,
echydralogy, ecosystem ecology, ecsysiem
mdm. sall mspiaton, wezthetng

Summary

Integrative concepts of the biosphere, ecosystem, biogeonoss and, recently, Earth’s aitical
zone embrace scentiic dscipines that nk matter, energy and organsms in & systems-level
undestanding of our remarksble planet. Here, we sssert the congruence of Tandey's (1935)
venemble ecosystem concept of ‘one physical system’ with Earth scence’s citical zone.
Esystemsand crifical onesam congruent across spa sl e mporal seales from vegetation-clad
westhering profiles and hilldopes, small catchments, landscapes, river basing, antinents, to
Earth’s whale terrestrial surface. What may be less obvious & congruence in the vertical
dimension. We wse ecosystem metabalism to argue that full sccounting of photasyntheticaly
fixed cdonincudes respin tory CO; and carbonic acid that props gate to the base of the citical
zone itself. Although & small fraction of respicson, the downward diffusion of CO; helps
determine rates of soil formation and, ultimately, ecasy stem evoluion and mlence. Bacause
life in the wpper porfors of termstrial ecosystems sgnificantly affecks biogeochemisty
throughout westhe dng profiles, the lower boundaries of most terrestrial econy stems have been
demarcated st depths too shalow b permit & complete understanding of ecosystem structum
and funcbon. Opportunties abound to explom comections between upper and bwer
components of citical-zone emsy stems, between sails and s treamsin watersheds and between
plant-dedved CO, and deep micobial communities and minersl westhedng.

" Global Change Biology

corbeng 20 years

Global Change Biology (2015) 21, 986-99%6, dai: 10.1111/gcb.12715

Surficial gains and subsoil losses of soil carbon and
nitrogen during secondary forest development

MEGAN L. MOBLEY'-2, KATE LAJTHA®, MARC G. KRAMER*, ALLAN R. BACON'-25,
PAUL R. HEINE? and DANIEL DEB RICHTER'”

*University Program in Ecology, Duke University, Durham, NC 27708, USA, *Nicholas School of the Enviranment, Duke
University, Durham, NC 27708, USA, *Department of Crop and Soil Science, Oregon State University, Corvallis, OR 97331,
USA, *Sail and Water Science Department, University of Florida, Gainesville, FI 32601, USA, Schoal of Farest Resources and
Canservation, University of Florida, Gainesville, FI. 32601, USA

Abstract

Reforestation of formerly cultivated land is widely understood to accumulate above- and belowground detrital
organic matter poals, induding soil organic matter. However, during 40 years of study of refarestation in the sub-
tropical southeastern USA, repeated observations of above- and belowground carbon documented that significant
gains in soil arganic matter (SOM) in surface sails (0-75 cm) were offset by significant SOM losses in subsoils (35~
&0 cm). Here, we extended the observation period in this long-term experiment by an additional decade, and used
soil fractionation and stable isotopes and radioisotopes to explore changes in soil organic carbon and soil nitrogen
that accompanied nearly 50 years of loblolly pine secondary forest development. We observed that accumulations of
mineral sail Cand N from 0 to 7.5 an were almost entirely due to accumulations of light-fraction SOM. Meanwhile,
losses of soil C and N from mineral sails at 35 to 60 cm were from SOM assodated with silt and clay-sized particles.
Isotopic signatures showed relatively large accumulations of forest-derived carbon in surface soils, and little to no
accumulation of forest-derived carbon in subsoils. We argue that the land use change from old field to secondary for-
est drove biogeochemical and hydrological changes throughout the soil profile that enhanced microbial activity and
SOM decompasition in subsoils. However, when the pine stands aged and began to transition to mixed pines and
hardwoods, demands on soil organic matter for nutrients to support aboveground growth eased due to pine mortal-
ity, and subsoil organic matter levels stabilized. This study emphasizes the impartance of long-term experiments and
deep measurements when characterizing soil C and N responses to land use change and the remarkable paucity of
such long-term soil data deeper than30 am.

Keywords: land use change, loblolly pine, long-term experiment, reforestation, secondary forest development, soil fractionation,
soil nitrogen, soil organic carbon
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GEOMORPHOLOGY

Geophysical imaging reveals
topographic stress control
of bedrock weathering

J. St Qladr,'*1 S Moon,™ 13 W. 5. Holbrook," J. T. Perron,® C. 5. Riebe,' S J. Martel?
B. Carr,’ C. Harman, " K. Singha,” D. deB. Riehter"
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with cormsive waters and biota from Earth's mrﬁcl. while simutaneoudy promoting
drainage of chemically equilibrated fhldsVlczfn-ﬂ-t bpomlcmbm to

mtimal stresses and regonal oomie stremses.
‘Theoretical calenlations have shown that the
presence of topograp hie featares soch a6 ridges
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and the depth of the “critical zone™ in which many biogeochemical processes occur.

eathered hedrock and sodl are part of the

e sustaming layer at Earty's surfice
commonly referred to as e “erfieal

ome.” Rs thikness depends on the
competfion hetween exsion, which re.
mowesweathered material from the land surface,
and weagh eing, which hreals down ook mechan.
sallymnde lly and thusderpens the fner
face between weathered and fresh bedrack(2-3)
BEraston & the surfice can be stodied both i
rectly by ohservation (§) and mdirectly using
Sotopie tracers (5 In comtrast, weathering &
depth 15 generally obscured by owerling rock
and sofl making #t more difficult to stady In
s Report, we cambine resalts from landseape.
scak geoph ysical tmaging and stress fisdd mode )
ummwmmmnp

Shering © sarface Op

Omhmsmx Emmxum
% regulated by the hydrmlie condoctivity and
porcsity of bedrackand the incision rge of river
charmels into bedmok, which together determine

Ougurtrmant of Gakogy and Cargh yics. ind Wyorming
Chrtr for Environmmentid Byl oy and Cuoplsics,
Unive @y of Wyaming, Laanig Wy 2351 LEA
Dugurtimet of Earth, Abvisphric and Plandiry Scencs,
Misarhusens i e of Technokgy, Canty idge NA
2130 USA. Dugurtmt of Galogy and Canplhsics,
Ui sty of Hiwai, Mook, 1 95322, USA. ‘Dupuartimeet
of Cayragdy and Ervironmsntad Enginsarrg, The s
Fophirs Universly, Sdtmone, ND 2213 USA “Sydrokgic
oo and Enginsrng Program, Qoo ad o Schodl of Nins,
Colden, CO 80401 USA. "Nl Schwd of thee
Environement, Dub Universy Quhan, NC 27708 LEA
st Benad: piched L
oot alu(S M) +Thes sthos crtebued wpady o
s wak et sddeax Dwurtrart of Exrth Marstay, s
Sprn Sy, Ursanty o Calforma-Los Argehe, Loo Agile.
CAONE L=A

534 300CTORIR 205 - VOL 350 IRSUT 6260
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Topographic variability and the influence
of soil erosion on the carbon cycle
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Abstract soil erosion, particularly that caused by agriculture, is closely linked to the global carbon
(C) cycle. There is a wide range of contrasting global esti of how alters soil-at here C
exchange. This an be partly attributed to limited understanding of how geomorphology, topography, and
management practices affect erosion and oxidation of soil organic C (SOC). This work presents a physically
based approach that stresses the heterogeneity at fine spatial scales of SOC erosion, SOC burial, and

associated soil-atmosphere C fluxes. The Holcombe's Branch hed, part of the Calhoun Gritical Zone
Observatory in South Carolina, USA, is the case study used. The site has experienced some of the most serious
agricultural soil erosion in North America. We use SOC content from ing soil profiles
and esti of SOC axidation rates at multiple soil depths. The methodology was imph din the
tRIBS-ECO (Tri lated Irregular rk-based Real-time grated Basin Simul Es and Carbon

Oxidation), a spatially and depth-explicit model of SOC dynamics built within an existing coupled physically
based hydro-g phic model. According to ob from multiple soil profiles, about 32% of the
original SOC content has been eroded in the study area. The results indicate that C erosion and its
replacement exhibit significant topographic variation at relatively small scales (tens of meters). The episodic
representation of SOC erasion reproduces the history of SOC erosion better than models that use an
assumption of constant erosion in space and time. The net atmospheric C exchange at the study site is
estimated to range from a maximum source of 145gm2yr ' to a maximum sink of —182gm—2yr .
The small-scale complexity of C erosion and burial driven by topography exerts a strong control on the
landscape’s capadity to serve as a C source or a sink.
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Legacies of historical land use strongly shape contemporary ecosystem dynamics. In old-field secondary
forests, tree growth embodies a legacy of soil changes affected by previous cultivation. Three patterns of
biomass accumulation during reforestation have been hypothesized previously, including monotonic to
steady state, non-monotonic with a single peak then decay to steady state, and multiple oscillations
around the steady state. In this paper, the conditions leading to the emergence of these patterns is
analyzed. Using observations and models, we demonstrate that divergent reforestation patterns can
be explained by contrasting time-scales in ecosystem carbon-nitrogen cycles that are influenced by land
use legacies. Model analyses characterize non-monotonic plant-soil trajectories as either single peaks
or multiple oscillations during an initial transient phase controlled by soil carbon-nitrogen conditions
at the time of planting. Oscillations in plant and soil pools appear in modeled systems with rapid tree
growth and low initial soil nitrogen, which stimulate nitrogen competition between trees and decom-
posers and lead the forest into a state of acute nitrogen deficiency. High initial soil nitrogen dampens
oscillations, but enhances the magnitude of the tree biomass peak. These model results are supported by
data derived from the long-running Calhoun Long-Term Soil-Ecosystem Experiment from 1957 to 2007.
Observed carbon and nitrogen pools reveal distinct tree growth and decay phases, coincident with soil
nitrogen depletion and partial re-acc ion. Further, 'y tree biomass loss decreases with
the legacy soil C:N ratio. These results support the idea that non-monotonic reforestation trajectories
may result from initial transients in the plant-soil system affected by initial conditions derived from soil
changes associated with land-use history.
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Abstract Processes of land degradation and regeneration display fine scale heterogeneity ofen
intimately linked with land use. Yet, examinations of the relationships between land use and land
degradation often lack the resolution necessary to understand how local institutions differentially
modulate feedback between individual farmers and the spatially heterogeneous effects of land e
on scils. In this paper, we examine an historical example of a transition from agriculture to forest
dominated land use (¢ 1933-1941) in 2 highly degraded landscape on the Piedmont of South Carolina.
Our landscape-scale approach examines land use and terure at the level that individuals enact
management decisions. We used logistic regression chnigues to examine associations between
land use, land ®num, topography, and market cost-distance. Our findings suggest that farmer
responses to changing market and policy conditions were infl d by topographic characteristics
assocated with productivity and long-term viability of agricultural land use. Further, although
local environmental feedbacks help to explain spatial patterning of land use, property regime and
land tenure arrangements also significantly constrained the ability of farmers to adapt to changing
socioeconomac and environmental conditions.
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Coupling meteoric "°Be with pedogenic losses of °Be to improve soil
residence time estimates on an ancient North American interfluve
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ABSTRACT

We couple meteoric “Be mesmsurements with mass balance analysts of "Be (o estimate the
ol residence time (SRT) of a Mogeomorphically stable Ultisol i the Soulern Pledmont
paysiographic reglon of the sontheasiorn Untled States. We estimate SRT afler correcting the
meteoric “Be inventory S account for observed "He losses, which Indicate that more than hall
of the "Be weathersd from primary minerals has been kached from the spper 153 m of the
Uattsol. Our estimates of minimum SRT rasge between 1.3-1.4 Ma snd bebween 26-31 Ma
under high and low (2.0 and 1.3 x 10* stoms cm- yr-°, respectively). estimates of “He delivery.
Denudation rates of the physiographic reglon corroborale our estimates. We redefine pedeo-
genk tme comstratals ia the Scuthern Pidmont, aad demonstrate that the asumption of

We 2im 10 estimate SRT of 2 highly weath-
emd Soutters Pisdmoat UNesol, and hypoth-
edzr that e acdiy of the sofl system has
Dcibaied meleodc *He leaching, Rather thaa
asumiag complde reention, we propose (hat
pedogenic losees of “He (he predomisant beryl-
Bum botope I8 s0ls) can spprutinals meleoc
“He lomes, 20d we esbaute SRT by
measyremeats of medeonc *He wit 23 aaalyss
of pedogeaic "Be s,

compiete meteoric *Be reteation In ackic soll sysiems cannol always be made; the itter has

far-reaching consequences for soll, sediment, river, aad ocean research esing meteoric “Be.

METHODS
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The past is never dead. It 5 not even past.

(Faulkner, Requiem for a Nun, 1951)

Abstract The US Department of Agriculture (USDA) Forest Service Calhoun
Expernimental Forest was orgamized in 1947 on the southern Pied t to engag
in research that today 1s called restoration ecology, to improve soils, forests, and
watersheds in a region that had been severely degraded by nearly 150 years farming.
Today, this 2,050-ha research forest 1s managed by the Sumter National Forest and
Southern Research Station. In the early 19605, the Calhoun Expenmental Forest
was closed as a base of scientific operations makmmg way for a new laboratory
in Research Tniangle Park, NC. Many papers were wntten dunng the Calhoun’s
15 years of existence, papers that document how land-use history creates a com-
plex of environmental forcings that are hard to unwind. One Calhoun field expen-
ment remains active, however, and over nearly six decades has become a model for
the study of so1l and ecosystem change on timescales of decades. The experiment
contnbutes greatly to our understanding of the effects of acid atmosphenc deposi-
tion on soils, forests, and waters and of decadel changes in carbon and nutnent
cycling in so1ls and forests. Perhaps the long-term experiment’s major contribution
15 1ts clear demonstration that soils are highly dynamic systems on timescales of
decades and that this dynamism involves both surface and deep subsoils. The on-
gomg expeniment’s success 1s attnbuted to relatively simple experimental design,
ample plot replication, ngorous (but not too arduous) protocol for resampling and
archiving, and to its ability to address changing scientific and management pni-
orties that are important to society and the environment. In the last decade, the
expenment has become a platform for research and education that explore basic
and applied science. As this manuscenpt goes to press, the Calhoun Expenmental
Forest has been designated to become one of the National Science Foundation’s
national Critical Zone (CZ) Observatories, a development that will allow research-
ers to, retumn to the questions that originated the Calhoun Experimental Forestin 5§
the first place: how and why severely disturbed landscapes evolve through time.




