


Introduction — A large, collaborative effort (15+ researchers!)

& The big goal: quantify the landscape-effects of the transition from Soviet-era
industrial agriculture to soil conservation efforts and organic agriculture.
< Data sources:
® 19Be-derived erosion rates (Campbell et al., 2019)
& Water chemistry (Bierman et al., 2020)
& Bedrock lithology (Case and Holcombe, 1980)

& X-ray fluorescence-derived sediment elemental
composition (personal communication, Yoelvis
Bolanos)

& X-ray powder diffraction-derived sediment
mineralogic composition (this study)




Introduction — How this project fits in

& Stream sediment mineralogy is determined
through X-ray powder diffraction.

& We use stream sediment mineralogy to:

& Indirectly sample exposed bedrock for entire
watersheds

& Provide insight into weathering processes

& Precisely quantifying bedrock composition
based on these sediments is difficult and
uncertain due to a multitude of factors (Fig. 1;
Schock and Steidtmann, 1976; Johnsson, 1993).

laximum te: rature
Burial temperature
g J Duration
s s

Composition of pore waters

F |gu re 1, adapted from Johnsson (1993)



Introduction — X-ray diffraction (XRD)

Detector
_ ) S
'Ieroasczo(g g)efrme Position Sensitie \ \ 4 4
Detector '&ad( (26 for, \ \ / /
atector \ \ / /
Detector AN \ / /
\ \ / /
\ \ / 4
\ J " ] 0. A \ \ / 7
W l \ \ / 4
‘ | Crystaline P , \ \ / 4
U Sarrple Crystaline \ A\ / /
*-Ray Tube T Sample \ \ / /
X-Ray Tube 140 \\ \ / /
Ni=at

/
\ /
@ ® ®— —@ @

Ul vy, u'uh..'«[|k...‘| AN

‘g

\\ //
— N /Esine
oo g 5.\, o—o

. )’ ; - R
e Bragg’s Law: A=2dsin©
https://www.asdlib.org/onlineArticles/ecourseware/Bullen_XRD/XRDModule_Theory_Instrument%2
ODesign_3.htm




BN e it
P Sy e S
,

i

Background - Geology

& Cuba emerged ~135 ma, just after the breakup of Pangea due
to subduction of the North American Plate under the
Caribbean plate.

& Volcanic history — igneous rock (mafic and felsic composition)

¢ Used to be an ocean basin — marine sedimentary rock (high
calcite content)

& Active plate boundary — metamorphic rock (metaigneous and
metasedimentary)

Case and Holcombe, (1980); French and Schenk, (2004); Iturralde-Vinent et al. (2016)
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Background — Geography

& This study focuses on central
Cuba (Fig. 3).

¢ Mostly low-lying with some
mountainous regions.

& Climate: low areas are tropical
savanna and tropical
monsoon, high peaks are
temperate (Beck et al., 2018).

® Vegetation is dense, with
forests, swamps, savannas,
grasslands, mangroves,
scrublands, and farmed plains
(Prance and Borhidi, 1993).
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Background — Land use

® 92-95% forests and woodlands prior to 1492

® Woodland and forest cover plummeted to 8-13% from the
start of the 19t century through the 20" century as land was
cleared for agriculture, including:

& Sugar cane-production
& Cattle breeding
& Tobacco production

@ Industrial agriculture continued through the Soviet era
(1959-1991).

& After soviet support ceased in 1991, small scale, organic
conservation agriculture has been practiced.

(Borhidi and Muiiiz, 1980)




Methods — Sample area and collection

& Stream sediment samples were collected in 2018 from 26 watersheds in central Cuba
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Methods — Sample prep
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1) Wet sieved into two grain sizes -
(250-850 um and <63 pum) to
normalize for hydrodynamic
sorting.

2) Air dried at 65° C
3) Ground into a powder (<2 pum)

4) Mounted on a standard glass
slide to be scanned




Methods — Scans of sieved sediment

& Performed from 5-55° (20) at 2°/minute using a
Rigaku MiniFlex Il diffractometer.

1) Standard scan
2) Rinsed with tap water, air dried at 18° C
3) Washed scan

& 104 scans total (26 samples, 2 grain sizes per sample,
two scans per grain size).

& Diffractograms were analyzed and quantified for
mineral abundances using the Rietveld module in
Rigaku PDXL (version 1.6.0.0).




Methods — The purpose of washed scans
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Methods — Heat treatment tests

& Used to more precisely identify clay minerals, scans were from 3-25° (20) at
1°/minute.

1) The <55 um fraction was isolated from 12 bulk samples by placing samples in tubes
filled with ethanol, shaking them, and using Stokes’ law to determine how long to
sonicate the samples before pipetting off the suspended material

2) Air dried at 18° C and mounted on a glass slide using acetone
3) Scanned
4) Heated to 400° C for 30 minutes
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Methods — Analytical regressions

& Correlation coefficients and 2-tailed p values were determined in excel to compare:

Stream sediment
mineralogy (XRD)

/ = \
Underlying bedrock Weathering rates

(Case and Holcombe, 1980) (Campbell et al., 2019)

Stream water chemistry Stream sediment elemental
(Bierman et al., 2020) data (XRF)
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Results — Quantification of sieved samples

Table 1: Average mineralogic composition of samples across watersheds (wt. %, N=26)*
feldspar quartz calcite 10Aclay mica amphibole pyroxene oxide chlorite zeolite serpentine

250-850 um 30.8 33.2 10.6 7.0 3.8 55 21 0.4 0.1

<63 um 29.6 18.6 125 9.0 13.8 4.7 4.5 2.8 0.2
* quantified based on XRD data using the Rietveld module in Rigaku PDXL software (v. 1.6.0.0)




Results — Heat treatment tests

® 9/12 scans yielded results.

& Swelling clays are present in all 9 as montmorillonite and/or vermiculite (Brindley, 1952).

Heat treatment results of sample CU-15 <55 um
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Results — Bedrock vs. mineralogy

Table 2: Correlation coefficient values for XRD-derived
mineralogy (wt. %) vs. bedrock (area %) in two grain sizes

Marine Carbonate Metamorphic Mafic

Silicic Plutons

Quartz (250-850um)
Quartz (<63um)

0.01
-0.40

0.64
0.41

-0.43
0.07

-0.48
-0.50

Calcite (250-850um)
Calcite (<63um)

-0.02
-0.04

0.02
-0.08

-0.41
-0.42

-0.64
-0.61

Clay (250-850um)
Clay (<63um)

0.39
0.28

-0.61
0.03

-0.15
-0.13

-0.38
-0.07

Feldspar (250-850um)
Feldspar (<63um)

-0.51
0.09

-0.59
-0.47

0.33
0.28

0.49
0.89

Amphibole (250-850um)
Amphibole (<63um)

-0.47
-0.33

-0.19
-0.41

0.30
0.05

0.89
0.36

Mica (250-850um)
Mica (<63um)

0.27
0.47

0.49
0.71

-0.09
-0.24

-0.41
-0.40

Pyroxene (250-850um)
Pyroxene (<63um)

0.35
0.08

0.31
-0.12

0.29
0.10

-0.74

Oxide (250-850um)
Oxide (<63um)

-0.15
-0.39

0.39
0.45

0.15
-0.05

0.80
-0.40

Serpentine (250-850um)
Serpentine (<63um)

-0.12

-0.34

Chlorite (250-850um)
Chlorite (<63um)

-0.26
-0.13

0.32
0.04

Zeolite (250-850um)
Zeolite (<63um)

-0.23
-0.26

-0.49
0.28

significant correlation (p-value < 0.05)

significant correlation in both grain sizes (p-value < 0.05, same sign)

not enough data to calculate

100% Metamorphic Bedrock

CU-101 (250-850um)

CU-110 (250-850um)

\

CU-114 (250-850um)

® Quartz

= Calcite
~10A Clay
Feldspar

= Amphibole

= Mica

= Pyroxene

= Oxide

® S5erpentine

® Chlorite

100% Marine Carbonate Bedroc
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Results — Water chemistry vs. mineralogy

Table 3: Correlation coefficient values for XRD-derived mineralogy (wt. %)
vs. dissolved material in two grain sizes

cl N P Na Mg Si Si02 K Ca Ti V Rb  Sr86 Sr88 Ba DOC TDN Area
Quartz (250-850um) 0.07 -0.48 -0.18 0.10 -0.34 -0.38 -0.38 -0.15 0.29 0.28 -0.58 0.02 0.24 0.24 0.18 -0.17 -0.27 -0.17
Quartz (<63um) -0.01 -0.45 -0.38 -0.19 -0.37 -0.40 -0.40 -0.16 -0.02 -0.01 -0.39 -0.20 -0.10 -0.10 -0.08 -0.16 -0.32 -0.13
Calcite (250-850um) 0.05 0.20 -0.17 0.18 -0.09 -0.02 -0.02 -0.23 0.30 0.31 -0.17 0.10 0.28 0.27 0.17 -0.06 0.22 -0.21
Calcite (<63um) 0.00 0.08 -0.14 -0.06 -0.09 -0.06 -0.06 -0.24 0.22 0.27 -0.12 0.03 -0.03 -0.04 0.01 -0.20 0.15 0.01
Clay (250-850um) 0.52 -0.16 -0.15 0.30 0.07 -0.18 -0.18 0.59 0.04 0.02 0.02 0.63 0.26 0.27 0.25 0.57 -0.14 -0.05
Clay (<63um) 0.48 0.00 0.26 0.44 0.46 0.18 0.18 0.44 0.29 0.26 -0.01 0.52 0.44 0.45 0.40 0.16 0.24 0.12
Feldspar (250-850um) -0.22 0.20 0.61 -0.28 0.21 0.50 0.50 0.07 -0.51 -0.49 0.68 -0.28 -0.47 -0.47 -0.21 -0.01 0.11 0.49
Feldspar (<63um) 0.10 0.06 0.31 0.24 0.41 0.36 0.36 0.32 -0.14 -0.15 0.37 0.21 -0.01 -0.01 0.18 0.45 0.04 -0.02
Amphibole (250-850um) -0.32 0.23 0.08 -0.26 0.06 0.32 0.32 -0.23 -0.30 -0.27 0.33 -0.41 -0.37 -0.36 -0.28 -0.36 -0.03 0.08
Amphibole (<63um) -0.20 0.23 0.25 -0.25 0.01 0.25 0.25 -0.03 -0.37 -0.37 0.33 -0.37 -0.34 -0.34 -0.23 -0.27 0.01 0.e1
Mica (250-850um) -0.17 0.43 -0.20 -0.09 0.04 -0.09 -0.09 -0.30 0.33 0.35 -0.14 -0.13 0.09 0.09 -0.15 -0.23 0.41 -0.15
Mica (<63um) -0.02 0.25 -0.28 0.03 -0.21 -0.24 -0.24 -0.22 0.22 0.21 -0.24 0.02 0.28 0.28 -0.07 -0.12 0.15 -0.34
Pyroxene (250-850um) 0.38 -0.20 -0.23 0.30 0.07 -0.18 -0.18 0.41 -0.02 -0.09 -0.07 0.34 0.20 0.20 0.11 0.44 -0.26 -0.19
Pyroxene (<63um) 0.01 -0.22 0.06 0.04 0.01 -0.02 -0.02 0.20 0.05 0.05 0.02 0.19 0.07 0.07 0.07 0.04 -0.20 0.04
Oxide (250-850um) -0.25 -0.33 -0.32 -0.28 -0.09 -0.24 -0.24 -0.28 -0.15 -0.11 -0.30 -0.12 -0.26 -0.26 -0.31 -0.13 -0.14 -0.04
Oxide (<63um) -0.11 -0.35 -0.20 -0.31 -0.32 -0.33 -0.33 -0.09 -0.14 -0.14 -0.27 -0.24 -0.18 -0.19 -0.22 -0.21 -0.36 0.03
Serpentine (250-850um) -0.13 0.42 0.11 -0.07 0.26 0.30 0.30 -0.19 0.08 0.10 -0.03 -0.17 -0.05 -0.06 0.23 -0.11 0.33 -0.13
Serpentine (<63um)
Chlorite (250-850um) -0.18 -0.20 -0.15 -0.19 -0.29 -0.21 -0.21 -0.23 0.02 0.03 -0.35 -0.24 -0.08 -0.08 -0.10 -0.27 -0.28 -0.15
Chlorite (<63um) -0.25 0.00 0.04 -0.19 -0.30 -0.09 -0.09 -0.15 -0.17 -0.19 -0.06 -0.32 -0.19 -0.19 -0.20 -0.29 -0.05 0.21
Zeolite (250-850um) -0.01 0.03 0.33 -0.03 0.29 0.33 0.33 0.11 -0.05 -0.06 0.48 -0.01 -0.13 -0.13 -0.03 -0.01 0.06 0.27
Zeolite (<63um) -0.14 -0.20 -0.18 -0.13 -0.28 -0.26 -0.26 -0.15 -0.05 -0.05 -0.26 -0.12 -0.09 -0.10 -0.18 -0.16 -0.06 -0.09
significant correlation (p-value < 0.05)
significant correlation in both grain sizes (p-value < 0.05, same sign)

not enough data to calculate




Results — Elemental composition vs. mineralogy

Correlations are generally weak (average coefficient of 0.22).
Notable positive correlations (p < 0.05):

® Ca with calcite

® Na with feldspar
& Fe with amphibole




Results — Weathering vs. mineralogy

Table 5: Correlation coefficient values for XRD-derived mineralogy (wt. %)
vs. erosion and chemical lowering rates in two grain sizes

10-Be Erosion rate (m/Myr) Chemical lowering (m/Myr)

Quartz (250-850pm) -0.25 0.02

Quartz (<63um) -0.12 -0.27

Calcite (250-850pum) -0.51 0.17

Calcite (<63um) 0.46 & - Related: quartz is

Clay (250-850um) -0.37 0.03

Clay (<63um) -0.28 0.58 141

Feldspar (250-850um) 0.51 0.04 pOSItlvely Correlated
Feldspar (<63um) 0.14 0.19

Amphibole (250-850um) 0.49 -0.04 Wlth mean baSIn Slope
Amphibole (<63um) 0.57 -0.08 . .

s (2508500 0 mn (P values: 0.036 in the
Mica (<63um) -0.12 -0.03

Pyroxene (250-850um) -0.10 -0.21 flne fra Ction; 0-055 In

Pyroxene (<63um) -0.10 0.12 -

Oxide (250-850um) 0.09 P the coarse fraction).
Oxide (<63um) -0.05 -0.37

Serpentine (250-850um) -0.14 0.12

Serpentine (<63um)

Chlorite (250-850um) 0.04 -0.11
Chlorite (<63um) 0.41 -0.26
Zeolite (250-850um) -0.02 0.14
Zeolite (<63um) -0.10 -0.28
significant correlation (p-value < 0.05)

significant correlation in both grain sizes (p-value < 0.05, same sign)

not enough data to calculate



Discussion — Stream sediment indicates lithology?

® Quartz is more present than mapping suggests.
& Correlations are too weak to quantify bedrock from stream sediment mineralogy.
& There are significant compositional variations across grain sizes.

& Variable weathering rates of different Ilthologlc units Ilkely play a role GEIINMEIGES
and Arribas, 1993). R ¢ s

& Indicators:
& feldspar and amphibole indicate igneous
& quartz and oxide indicate metamorphic

& clay indicates marine carbonate




Discussion — A transport limited environment

® The presence of swelling clays indicates significant weathering
(Reynolds, 1971; Liu et al., 2009).

—
o

® Quartz correlations suggest a transport-limited stream system:

& No correlation between quartz and weathering

—
<

& Positive correlation between quartz and slope

& The following minerals are indicative of weathering rates:

e

& calcite — erosion (negative correlation)

& clay — erosion and chemical weathering (negative
correlations)
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& amphibole — erosion (positive correlation)

& feldspar — erosion (positive correlation)

Figure 4, adapted from: Bierman et al,
(2020), data are from Rad et al. (2013)



Discussion — Water quality markers

® Minerals indicative of water chemistry parameters:
& calcite — dissolved Ca
& clay — dissolved Cl, Mg, Na, K, and DOC
& feldspar — dissolved Si and SiO,

& quartz — dissolved N (inversely)

& Since these watersheds are transport limited, these data shows that
sediments are indicative of water quality over longer periods of time
than individual water samples.



Conclusion and future work

& Central Cuba is a transport-limited environment with significant
weathering.

® Mineralogy data of stream sediments from central Cuba can be
used to infer basin-scale:

& Bedrock unit presence, but not quantification (in agreement
with Palomares and Arribas, 1993 and Johnsson, 1993).

& Weathering intensity

& Water chemistry parameters, perhaps over longer periods of
time than traditional water samples

& Future progress could entail:
® More detailed analysis of the 26 samples studied here

& A similar analysis of additional watersheds to expand the
current data set




& People!

® Grants: UVM FOUR Summer Undergraduate Research Fellowship (SURF); Hawley
Undergraduate Research Award; APLE Summer Stipend Award (declined for SURF)
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