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Welcome to the 
Calhoun CZO Time Machine!

DEM, digital elevation map, 
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60-‐year	  Calhoun	  LTSE	  (p-‐33-‐34)
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(p45-‐51)

4	  	  	  	   Rose	  Hill	  –
Novel	  Field	  
Ed	  Disc

Abstracts (p52-‐55)

~10km
~6mi

8
Tyger R

Enoree R

5

Duncan	  Ck

Whitmire

2

7



3



Mary	  Lou	  Quarry,
protolith	  to	  the	  
Calhoun	  critical	  
zone

The	  Belowground
Critical	  Zone

Hwy	  49	  
Roadcut,
Sat	  pm
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The	  preconditioning
of	  bedrock	  for
Earth’s	  critical	  zone

Anderson	  2015

4



6
6



7
7



8
8



9



10

†

Welcome	  to
Padgett’s
Creek	  Baptist
Church

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

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	  km2 LiDAR	  on
opentopography.org
w/	  >50	  ground	  returns	  
per	  sq meter!
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Research	  Area	  1
1. 70-‐m	  deep	  well,	  
with	  38-‐m	  regolith
2.	  Cataula	  soil	  
profile
2.	  60-‐year	  LTSE	  

3.	  LT	  Cultivated	  
Field	  (Dove	  Field)
4.	  Reference	  
Hardwood

1
2

3

4

1
2

3

4
1

2

3

4

1
2

3

4

Feb	  2016	  High	  resolution	  LiDAR
~1km



Soil as a Clay Factory -

• ~ 25% of soils globally have coarse-
over-fine textures,  aka COF

• Nearly always attributed to 
e/illuviation, ie, lessivage

• Argillic (Bt) horizons

• Pedoturbation & lessivage
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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

15



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
is 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

16



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

17



Gilbert’s ideas on soil have formally been introduced 
to the soil sciences, “a fly yet to be taken” 

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 is a soil or a 
regolith,
i.e., over time,
W > T

net	  
transportation
losses	  (T)

net	  
transportation
losses,	  erosion
&	  drainage	  (T)

19
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Calhoun	  Research	  Area	  1:	  	  The	  regolithWith geochmistsWith geochmists

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

To study the full weathering profile, Bacon led a bore hole drilling 
project, down 38-m thru soil, saprolite, & weathered & fractured 

granite, & ~30-m into the protolith itself.
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The soil-weathering profile, 
regolith, as a physical structure

A&B

St.	  Clair	  et	  al.,	  2015
Holbrook,	  et	  al.,	  in	  review

55m

0m

360o optical	  image	  of	  borehole	  wall

NMR	  Porosity

Peaks	  are	  Fractures

Downhole	  science



22

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	  

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

2. Carbonic acid dissolution -
Soil/CZ metabolism, ie, soil respiration,

affects a potent bgc weathering attack on
weatherable minerals

Hypo: a small fraction of
CO2 & H2CO3*from  
soil respiration drives 
deep biogeochemical

weathering

Oh & Richter 2005

C  budget
FACE  forest

Finzi et al. 2005, gC/m2 y

C	  cycle
Duke	  FACE
Forest

Four	  years	  of	  Dan	  Markewitz	  CO2 data	  from	  Calhoun
mid-‐1990s

Processes that drive weathering & regolith formation
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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”

Calhoun	  CZO	  profile

%	  of	  total

Total	  elementals
Bacon	  et	  al.	  2012

Geochem	  model
V.	  Marcon,	  &
S.	  Brantley,	  PSA

W&E	  Rates	  ~1-‐10m/My
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Remarkable are depth 
distributions of particle sizes

• ~ 25% of soils globally have 
coarse-over-fine textures,         
aka COF

• Nearly always attributed to 
e/illuviation or lessivage

• Argillic (Bt) horizons indicate 
that lessivage keeps pace with 
bioturbation 
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Soil-‐weathering	  
profile	  of	  a	  

residual	  Udult
from	  granite,
Piedmont	  SC	  
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PSA	  by
Pachon &	  
Bacon,	  UF

Hypothesis:  Argillic clay depends as much on the soil production system, 
what it is fed from below, as it does on lessivage or e/illuviation

+

B	  	  	  	  	  LB	  	  	  	  	  L

28
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Depth (cm)Horizon
A
AE
E
BE
B1
B2
B3
B4
BC

CB
C1

C2
C3
C4
C5
C6
C7
C8
C9
C10

0-6.7
6.7-12.7
12.7-31.7
31.7-60
60-100
100-150
150-200
200-250
250-300
300-350
350-400
400-450
450-500
500-610
610-762
762-914
914-1067
1067-1219
1219-1371
1676-1828

Fine Clay
<0.2 um

Clay
0.2 - 2 um

% (vol.)0 30

% (vol.)0 30

% (vol.)0 30

% (vol.)0 30

% (vol.)0 30

% (vol.)0 30

Fine Silt
2 - 20 um

% (vol.)0 30

% (vol.)0 30

Silt
20 - 50 um

% (vol.)0 30

% (vol.)0 30

Very Fine Sand
50 - 100 um

Fine Sand
100 - 250 um

Sand
250 - 500 um

Coarse Sand
500 - 1000 um

Very Coarse Sand
1000 - 2000 um

% (vol.)0 30

% (vol.)0 30

% (vol.)0 30

% (vol.)0 30

% (vol.)0 30

% (vol.)0 30

% (vol.)0 30

% (vol.)0 30

45-63 um 63-125 um 125-250 um 250-500 um 500-1000 um 1000-2000 umQXRD Size Ranges:
Modeled Abundance (Wt. %)

Quartz
Feldspar (Orthoclase + Microcline)
Mica (Biotite + Muscovite + Illite)
Kaolinite

Smectite
Vermiculite
Illite

HIV

+

B	  	  	  	  	  L

-‐ -‐ -‐

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

+

+

-‐



Hypo: argillic clay depends as much on the soil production 
system, ie, what is fed from below, as it does on lessivage

Kaolinite
Mixed
mineralogy

Smectite

30
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The	  Ultisol	  soil,	  Cataula	  series
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Cataula	  soil’s	  C-‐Fe	  rhizogenic	  redox	  cycling:	  	  Carbon	  oxidation	  under	  moist	  conditions	  
with	  low	  O2,	  can	  readily	  reduce	  FeIII to	  FeII,	  increasing	  the	  solubility	  of	  Fe	  by	  >6	  orders

Why	  do	  we	  care?
Direct	  evidence	  of	  
water	  table	  conditions

C-‐Fe	  cycling	  recorded
in	  Fe-‐enriched	  &	  Fe-‐
depleted	  microsites	  

32



Invaluable 60-yr field experiment with sample archive 
in which long cultivated, eroded cotton fields were planted 

with Pinus taeda, which have both demanded much from but 
also benefited the upper soil environment

33



Meg	  Mobley	  et	  al	  GCB 2014

Atm bomb	  14C-‐CO2

Mobley	  et	  al.
2015

Very	  rapidly	  and	  deeply,	  forest	  C	  was	  
incorporated	  into	  the	  soil’s	  organic	  
matter	  from	  the	  atmosphere’s	  near	  

doubling	  of	  14C-‐CO2	  during	  aboveground
nuclear	  bomb	  testing	  

As	  the	  forest	  regrew	  on	  the	  
previously	  limed	  soil,	  acidification
was	  pronounced

Ri
ch
te
r	  e

t	  a
l.	  
20

14
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RH

Rose	  Hill	  State
Park

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

Planning	  proceeding	  with	  
SC	  State	  Park,	  Sumter	  NF,	  &
local	  churches for	  park	  
re-‐Interpretation	  that	  
involves	  environmental	  
history	  of	  land	  &	  people

35

Park
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USFS	  Purchase	  photos	  demonstrate	  farmers’	  frequent	  use	  of	  terraces
in	  attempt	  to	  control	  soil	  erosion,	  many	  likely	  dating	  from	  19th c.

1933	  Purchase	  photos 2008	  Slope	  map	  from	  SC	  statewide	  LiDAR

36
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Sardis	  Road	  Site
Cecil	  Soil	  Profile	  with	  Richter	  and	  Environmental	  History	  with	  Mike	  Couglan

USFS-‐CCC
erosion	  
control



38

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.

Interfluve	  ordering “Landshed”	  ordering
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Brecheisen-‐Hortonian
Interfluve	  ordering

Literally	  an	  idea	  first	  discussed
around	  a	  Calhoun	  campfire
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The	  low-‐order	  interfluves	  of	  the	  Hwy	  49	  Roadcuts:

Tyger
River



Sedalia	  
Camp
Ground,	  
Bombing	  
Range	  Rd

Surrounded	  
by	  terraces

2016	  Ground
Returns	  from	  
Calhoun	  High	  
Res	  LiDAR
Opentopography.org
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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
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Diffusion
and	  
advection
on	  landscapes

Brecheisen’s
approach	  to	  
identifying
relic	  landforms

Brecheisen &	  
Richter,	  
submitted.

100m

CCZO
Research	  Area	  8
With	  Feb	  2016
High	  Res	  LiDAR 43
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Combining:
• Local	  surface	  roughness	  from	  

2016	  LiDAR
• 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

44



Tyger
River

Holcombe’s	  
Branch	  
Watershed
~600	  ha

2016	  
High	  Res	  LiDAR
Opentopography.org
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Holcombe’s	  
Branch	  
Watershed
~600	  ha

Slope	  map	  from
2008	  SC	  LiDAR
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1933
Aerial	  photo	  of	  
Holcombe’s	  Branch
Watershed	  



Ws2

Ws4
Ws3

Calhoun	  Experimental	  Forest’s	  Re-‐ and	  Up-‐instrumented	  Experimental	  Watersheds
~1947-‐1962,	  2014-‐present
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Historic((Holocene)(sedimentation(in(the(Southern(Piedmont(
(
Hupp,%1945%from%Spartanburg%Co.%
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Contemporary%floodplain%of%CCZO%
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Overview'of'Holcombe’s'Branch'floodplain'
!
!
!
!
!

Holcombe’s
Branch	  
Floodplain
Legacy
Sediment	  –

Elevations	  of
legacy	  sediments

Tyger
River



Δ14C‰

14C years BP
same profiles

Bulk	  soil	  organic	  

radiocarbon	  (Δ14C‰)

of	  four	  alluvial	  soil

profiles	  along	  400m	  

of	  Old	  Ray’s	  Tributary

Data	  courtesy	  of	  
Alex	  Cherkinsky &	  
Anna	  Wade
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