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sediment of the montane zone when compared to 
older bog sediment or to soil C-horizons. The bog Hg 
profile and 14C ages show a strong correspondence 
between elevated Hg levels and large, silicic volcanic 
eruptions in Holocene time. Peak Hg levels produced 
by eruptions decline over narrow intervals. Mercury 
concentrations in bog sediments increase to a broad 
peak coincident with exploitation of precious metals 
in the western hemisphere beginning in the 16th cen-
tury and peaking in the late 19th century in Colorado. 
Ellie’s work shows that Hg, As and possibly Pb are 
enriched in organic-rich O and A-horizons compared 
to soil parent material; other minor elements such as 
Cu and Zn do not show enrichment.  Ellie’s research 
suggests that metal enrichment likely represents the 
legacy of local metal mining, milling and smelting, 
and the affinity of organic matter for these relatively 
volatile trace metals.

Studies of soil and regolith geochemistry and age 
in Gordon Gulch and adjacent areas

Four students, including Ellie Maley, studied soils 
and regolith exposed in pits that were dug in Gor-
don Gulch and at other nearby exposures.  The “pit 
crew”, aided by their advisors and other CZO inves-
tigators, collected from many of the same sites and 
worked on separate, but complimentary topics.  Ci-
anna Wyshnytzky (Amherst) documented meteoric 
10Be accumulation in soils from Gordon Gulch and 
at Silver Lake—“Erosion, particle paths and depo-
sition—meteoric 10Be in Gordon Gulch”.   James 
McCarthy (Williams) studied the texture and Fed 
(dithionite-extractable iron) accumulation in soils 
from Gordon Gulch and adjacent subalpine and alpine 
areas: “Assessing eolian contributions to soils in the 
Boulder Creek catchment”, whereas Hayley Corson-
Rikert (Wesleyan) studied “Extractable P in soils of 
the Boulder Creek catchment, Colorado”.  

Data from these studies demonstrate that there are 
fundamental differences between soils developed on 
stable sites and those that formed on regolith-covered 
hillslopes and that dustfall and chemical weathering 
influence the partitioning of Fed and P in soils. Both 
erosion and weathering rates are related to aspect in 
Gordon Gulch; regolith is thicker, more weathered 
and contains more meteoric 10Be on the north-facing 

slope. Fe and P mobility also are influenced by the 
moisture and temperature gradient between soils ex-
posed in Gordon Gulch and soils of similar age in the 
alpine and subalpine portions of the Boulder Creek 
CZO.  Extractable Fe, clay and 10Be reach peak values 
in the B-horizon of the till-derived soil at Silver Lake 
(Fig. 4), whereas P is depleted in the soil compared to 
unweathered till; soils in Gordon Gulch and Betasso 
do not display comparable patterns.

The inventory of meteoric 10Be in Gordon Gulch is 
consistent with model predictions for deposition rates 
(Graly et al., 2011), but the inventory at Silver Lake is 
too high, suggesting that at this site dustfall rates or 

Figure 3.  Soil pits in Gordon Gulch. A. James McCar-
thy, Cianna Wyshnytzky, Hayley Corson-Rikert and Ellie 
Maley in a 1.8 m-deep pit in regolith, north-facing slope. 
B. Soil-sampling tools and thin regolith over saprolite, 
south-facing slope.  Cianna Wyshnytzky sampling for me-
teoric 10Be analysis.
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shows that at least 75,000 m3 of sediment is stored in 
near the channel in lower Gordon Gulch.  Sediment 
beneath the 1-m terrace is less than 1500 years old 
(Fig. 5); 

higher terraces are cut into middle and early Holo-
cene alluvial and colluvial deposits. Corey Shircliff 
(Beloit) studied organic material in Holocene terrace 
deposits in Gordon Gulch and Betasso--“Using pol-
len to understand Quaternary paleoenvironments in 
Betasso Gulch, Colorado”.  She was able to separate 
pollen from a buried soil developed on colluvium and 
to identify many of the pollen grains.  Corey’s work 
indicates that early Holocene pollen at Betasso is 
richer in Picea (spruce) than a modern pollen sample 
and records a climate that was likely wetter and per-
haps slightly cooler than that at present.

Ice erosion and geomorphic evolution of the Green 
Lakes Valley and the evolution of knickpoints 
along channels in the Boulder Creek catchment
	
Keith Kantack (Williams) used field measurements 

late Pleistocene precipitation may have been substan-
tially higher than at present. Cianna’s meteoric 10Be 
research represents the first application of this tech-
nique in the Boulder Creek CZO catchments.

Stratigraphy and palynology of valley-fill sedi-
ment, Gordon and Betasso catchments

In Gordon Gulch and in upper Betasso Gulch, col-
luvium and deposits beneath terraces as much as 4 
m above the channel comprise local valley fills of 
Holocene and latest Pleistocene (?) age.  Kathleen 
Warrell (Georgia Tech) studied terrace morphology 
and sampled deposits exposed beneath low terraces 
in Gordon Gulch-- “Stream terraces in the critical 
zone-- lower Gordon Gulch, Colorado”.  Her work 

Figure 4.  Plot showing relationship of Fed, clay and 
meteoric 10Be to depth below the surface and soil horizons 
at Silver Lake, Green Lakes Valley.  P (not plotted) is de-
pleted and relatively labile in the upper soil and relatively 
enriched and associated with inorganic material in the 
unoxidized till.

Figure 5.  Graphic log of sediment (description from C. 
Shircliff) exposed beneath K. Warrell’s 1-m terrace.  Basal 
sediment is approximately 1500 years old.
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in GLV and interpretation of DEMs derived from 
Lidar flown in August 2011 to map the extent of late 
Pinedale ice and glacial moraines in the upper North 
Boulder Creek catchment (Fig. 6). 

His work “Reconstructingthe Pinedale glaciation in 
the Green Lakes valley, Colorado” shows that lat-
est Pleistocene ice in the GLV was thin (mainly less 
than 150 m), but extended out of the cirques and 
more than 10 km to the east to elevations as low as 
2650 m.  Measured moraine volumes suggest that the 
average erosion rate by North Boulder cirque glaciers 
was about 1mm yr-1 during the maximum late Pine-
dale glaciation, which lasted from about 21 to 15 ka.  
Those rates are similar to estimates used by Ward et 
al. (2009) for modeling ice flow in Front Range catch-
ments. 
	
Evan Dethier studied the evolution of channels and 
slopes at different scales near knickpoints in Betasso, 
Gordon Gulch, and along Middle Boulder Creek-- 
“Knickpoints—a study of channels in the Boulder 
Creek catchment”. His field studies, combined with
RiverTools interpretation of DEMs derived from Au-
gust, 2010 Lidar, suggest that channels and adjacent 
hillslopes reflect the slow migration of knickpoints 
in the Boulder Creek catchment, moderated by lo-
cal rock strength.  Betasso gulch, the smallest of the 
Boulder Creek CZO catchments, has a channel that is 

steep and rough throughout and is flanked by steep, 
smooth slopes that expose bedrock and thin regolith 
near Boulder Creek.  In the upper part of the catch-
ment, however, the channel only locally exposes 
bedrock, and is cut mainly in soft, deeply weathered 
saprolite and through thick colluvium that was depos-
ited in latest Pleistocene time.  At Gordon Gulch, rock 
strength appears to control the location of the knick-
zone that separates the upper and lower basin; mor-
phology of adjacent hillslopes reflect local channel 
slope.  At the scale of Boulder Creek, hillslope evolu-
tion appears to “lag” knickpoint migration because 
local rocks are strong and hillslope erosion requires 
removal of large volumes of rock.

CONCLUSIONS
	
“Piggybacking” the Keck Colorado Geology Project 
on the NSF-Boulder Creek Critical Zone Observatory 
has allowed Keck undergraduates to integrate their 
projects with the research of graduate and postdoc-
toral students from the University of Colorado and 
other research universities.  Keck student research 
has benefitted from the personnel, monitoring efforts, 
and general level of scientific interest associated with 
the NSF project. The Boulder Creek CZO has gained 
from the focused field and laboratory research of the 
Keck students, their energy, and their collective dem-
onstration of what can be accomplished by the best 

Figure 6.  Keith Kantack, Evan Dethier and James Mc-
Carthy stand on glacially sculpted and smoothed bedrock 
knob, upper Green Lakes Valley.

 Figure 7.  Sculpted bedrock and boulder-rich channel 
in the knickzone along N. Boulder Creek above Boulder 
Falls.
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