Parent Material Contribution to Jemez River Basin, NM Soils Using Quantitative XRD and XRF p
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INTRODUCTION . METHODS ‘ QUANTITATIVE ANALYSIS OF MINERAL PHASES IN PARENT MATERIAL ROCKS: ROCKJOCK VERSUS
RIETVELD
The Jemez River Basin lies within the Valles Caldera National Preserve in New Mexico. The geology of this SAMPLE PREPARATION: Samples were air-dried and sieved to 2 mm to remove coarse fragments. For Quantitative mineralogy of the parent material rocks was based on Rietveld Mineral Phases (Percent of Mineral Content)

. . . . . . . . . pr . - . . . . . . Quartz 10.34 Quartz 28.27 Quartz 22.46 Quartz
area includes examples of rhyolite, pumice, and tuffs with some zeolitized rock units. Soils in the Jemez River preparation of mineralogical analysis by x-ray diffraction, sub-samples were pretreated to remove organic mat- Both techniques provided good quantitative mineralogical results for the four parent material rocks analyzed as shown by the analysis due to the methods comparison shown in the previous section. The se- Orthoclase  6.90 Sanidine 2726 Cristobalite 6.08 Cristobalite

Basin are part of the critical zone which extends from vegetation heights down to the groundwater depths. Re- ter by oxidation with bleach at pH 9.5 (Jackson, 2005). Pre-treated samples were then ground in a McCrone mi- goodness of fit or degree of fitness values. The Rietveld method performed better based on the simulated profile matches. XRF lected quantitative results are shown in the table to the right. Rietveld analysis com- “7onrocese 552 Olg'fét,gse oo poanane 2559 Sanicine

cently, this area was established as part of the University of Arizona led Jemez River Basin-Santa Catalina cronizing mill with the addition of 20% corundum internal standard (Eberl, 2009). Samples were prepared as bot- elemental data from the four parent material rock samples was used to compare to estimated elemental concentrations from the bined with a corundum internal standard allowed for amorphous content determina- Oligoclase 2382 Cinoptiolite

Mountains Critical Zone Observatory. In order to better understand soil development and processes in the ba- tom packed random powder mounts and analyzed by x-ray diffraction from 5 to 65 degrees two-theta using Cu K two quantitative mineralogy methods. Estimated elemental concentrations were typically within 2 % of the measured values with tion in the samples. The pumice sample was almost entirely amorphous. Amor- Amorphous Content (Percent of Total Sample)
Amorphous 92.75 Amorphous 0 Amorphous 0 Amorphous

sin, soil and parent material samples were collected near the top of the Redondo resurgent dome and analyzed -alpha radiation, a step size of 0.02 degrees two-theta and a count time of two seconds. All x-ray diffractions the exception of the Rockjock Si estimations on samples 715 (3.1 % low) and 718 (4.5 % low). Rietveld elemental estimations were phous content did not appear to effect elemental estimates, suggesting the amor-

for mineralogy and chemistry. In order to determine the contribution of individual parent material types to soil were carried out on a PANalytical X’Pert Pro x-ray diffractometer. Qualitative and quantitative data analysis of x- closer than Rockjock estimations for samples 715, 716, and 718.  phous chemistry was similar to combined rock mineral constituent chemistry.

sample mineralogy, rock samples were used as standards within quantitative mineralogical software (Rockjock; ray diffractograms was performed using the PANalytical X'Pert Highscore Plus software (v.2.1b, 2005) or run us- rYS— 715 (Pumice) Rietveld Analysis 715 (Pumice) Rockjock Analysis

Eberl, 2009). Rock and soil samples were analyzed for mineralogy using x-ray diffraction. Rock mineralogy ing Rockjock (v. 7 & 11, 2007 & 2009). Elemental analysis was performed on samples without pre-treatment to —Calculated *Profile includes 20% corundum internal standard *Profile includes 20% corundum internal standard

remove organic matter. Five grams of sample was ball milled in polypropylene vessels with zirconium grinding —Difference Goodness of fit value: 0.9055 Degree of fitness value: 0.0283
Mean difference: 28 cts. Mean difference: 32 cts.

elements for fifteen minutes. Four grams of ground sample were mixed with 1g of Licowax C micropowder « SOIL QUANTITATIVE MINERALOGICAL COMPARISON BETWEEN ROCKJOCK WITH PARENT MATERIAL REFERENCES (PM) VERSUS
—Observed ROCKJOCK WITH STANDARD MINERAL PHASES (STD) OR VERSUS THE RIETVELD METHOD

—Calculated

was quantitatively determined using a combination of Rockjock (Eberl, 2009) and Rietveld analysis. X-ray fluo-

rescence (XRF) analysis of both rock and soil samples provided elemental compositions. Quantitative elemen-

ergy-Dispersive X-ray Fluorescence spectrometer (EDXRF — SPECTRO XEPOS, Kleve — Germany). Measure-

o
o
o
o
Ul
o
o
o

—Difference

¢ CHEMISTRY COMPARISON 622 (0-30 cm, A horizon) 623 (50-70 cm, Bt horizon) 624 (105-200 cm, BCt horizon)
] ] ] Measured Chemistry Estimated from Measured Chemistry Estimated from Measured Chemistry Estimated from
used to provide different excitation conditions at different voltage and current settings. Major element concentrations estimated Chemistry Mineralogy Chemistry Mineralogy Chemistry Mineralogy

by the three quantitative mineralogy tech- PM  Standard PM  Standard PM  Standard

tion to soil horizons while adapting the use of collected parent material rocks as substitutes for mineral Particle Size Distribution Profile _ Phase  Phase Phase  Phase Phase  Phase
ADDITIONAL CHARACTERIZATION niques used here are compared to measured Ejement XRF  Rockjock Rockjock Rietveld Element XRF  Rockjock Rockjock Rietveld Element XRF  Rockjock Rockjock Rietveld

. . 22 vk Blay, Sandy Loam) A AR At e ct R values for all three soils to the right. Gener- (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Soils were measured for particle size

OBJECTIVES ments were carried out under Helium atmosphere and four secondary targets (HOPG, Mo, AIPO, and Pd) were

Intensity (Counts)
Intensity (Counts)

Examine soils with mineral quantification software for determining relative parent material contribu-

phases.

—623 (11% Clay, Loam) 25 35 45 29 39 49 59 . : .
——624 (17% Clay, Loam) //j\/\ Angle (Two Degrees Theta) Angle (Two Degrees Theta) ally, the techniques combining the use of S| 34.6 34.4 35.4 37.1 S 30.8 33.1 32.3 33.7 S 32.7 33.0 32.5 35.3
- - ~clay-silt break Al 7.6 78 70 6.0 Al 8.9 84 91 82 Al 8.2 84 88 6.8

— siltsand break AT parent material references in Rockjock with o 55 0.2 0.2 0. Fo 35 0.5 0.4 0.3 o > 8 0.6 0.4 0.4
AR\ —Observed 716 (Rhyolite) Rietveld Analysis 716 (Rhyolite) Rockjock Analysis Rietveld analysis of parent materials pro- Mg 0.1 03 02 0.2 Mg 0.3 06 05 0.3 Mg 0.2 07 06 04

/ —Calculated *Profile includes 20% corundum internal standard *Profile includes 20% corundum internal standard| _ _ _ Ca 0.3 0.5 03 04 Ca 04 09 06 03
;&J///—\\\//// \\ \\\/ —Difference Goodness of fit value: 3.1787 Degree of fitness value: 0.1023 vides the best Comparatlve estimates. K 25 45 49 30 9 24 38 52 39 (f(a gg ;g g? gg

\\/ Mean difference: 44 cts. Mean difference: 150 cts. Na 3.4 2.9 2.1 3.0 Na 2.8 2.2 2.1 3.0 Na 3.0 2.1 2.0 3.7

—(C)blse:vedd Absolute Difference 52 7.4 7.1 Absolute Difference 8.6 8.5 8.7 Absolute Difference 59 7.3 8.0
—Calculate
¢ MINERAL COMPARISON

Compare the quality of quantification using parent material phase substitutes to the use of standard
by laser diffraction (right). Soil pH in 1:1

H,O was 4.98, 5.36, and 5.56 and EC was
35.1, 25.5, and 28.2 uS for samples 622 to
624 respectively. Dry soil colors were
7.5YR 4/2, 10YR 5/3, and 10 YR 6/3 for
samples 622 to 624 respectively.

reference mineral phases.

Compare the quantification of mineral phases in parent material rocks using the Rockjock and Riet-
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veld methods.
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Compare elemental data provided by XRF analysis to quantitative mineralogical results.
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—Difference

PARENT MATERIAL ROCKS USED IN STUDY

Including all the previously identified mineral phases in the quantitative analysis of the three soils using either Rockjock or Rietveld did not provide accurate

Intensity (Counts)
Intensity (Counts)

matches to the results obtained using the parent material reference method. In the case of Rockjock, relative contributions between feldspars were assigned differ-

ently, but otherwise matched well. The Rietveld software could not handle the abundance of similar phases and also lacked the availability of quality crystal data

QUANTITATIVE ANALYSIS OF SOILS USING ROCKJOCK WITH PARENT MATERIAL
ROCKS AS REFERENCE PHASES

from the smectite group. Simplifying the mineral groupings (below right) greatly improved the mineral comparison with results obtained by Rockjock.

25 35 45
Angle (Two Degrees Theta) Angle (Two Degrees Theta) 622 (A horizon) 623 (Bt horizon) 624 (BCt horizon) 622 (A horizon) 623 (Bt horizon) 624 (BCt horizon)

_ - Mineral Rockjock : Rockjock : Rockjock : Mineral Rock jock  Riet- Rock jock  Riet- Rock jock  Riet-
622 (0-30 cm, A horizon) Phase PM  stg Hetveld PM  sStd  etveld PM  Std Hletve Group PM Std veld PM Std veld PM Std veld

—Observed 717 (Pink Tuff) Rietveld Analysis 717 (Pink Tuff) Rockjock Analysis (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

—Calculated *Profile includes 20% corundum internal standard *Profile includes 20% corundum internal standard Quartz 29 29 34 14 14 12 15 SiO 24 30 39 19 12 23 18 13 29
2

—Difference Goodness of fit value: 2.1941 Degree of fitness value: 0.1180 Cristobalite 2 1 5 5 9 6 14
Mean difference: 50 cts. Mean difference: 173 cts. Orthoclase 1 23 O 1 4 1 3
Sanidine 22 5 17 12 15 5 Feldspar 95 47 55 58 45 54 062
Anorthoclase 10 20 16 16 18 19
Albite 21 2 26 0 26
—Calculated Oligoclase 10 11 1 11 Zeolite 9 38 6 10 38 )

Mordenite 2 2 :
Tremolite 2 5 Amphibole 2 0 3 2 4

Kaolinite 2 0
Smectite 22 25 Clay 25 9

: 623 (50-70 cm, Bt horizon | ~ J | Absolute Diff
716 (Rhyolite) ( ) . )t OA VN LI LT . L GATA T (VAT VLY VN O WO W from REPM Abs. Diff 34

A A | - J. 2 AN
v "-'1("v J >

25 35 45 49 59
Angle (Two Degrees Theta) Angle (Two Degrees Theta)

¢+ PERFORMANCE

Profile fitting in Rockjock using parent materials

as reference phases was quick and provided very —Observed

715 716 717 718 Kaolinite Smectite
Pumice Rhyolite P.Tuff W. Tuff

acceptable degrees of fit. Degrees of fit were
0.1084, 0.0880, and 0.0962 for samples 622 to 623

respectively.
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% of mineral content

Intensity (Counts)
Intensity (Counts)

¢ PARENT MATERIAL CONTRIBUTION TO SOIL

Relative parent material contributions to the

I . F —Observed 718 (White Tuff) Rietveld Analysis 718 (White Tuff) Rockjock Analysis
Bl == — _Calculated = . - ;

' | | | | | | alculate *Profile includes 20% corundum internal standard *Profile includes 20% corundum internal standard
715 716 17 718 Kaolinite Smectite —Difference Goodness of fit value: 4.2602 Degree of fitness value: 0.0865
Pumice Rhyolite P.Tuff W.Tuff Mean difference: 57 cts. Mean difference: 119 cts. Using collected parent material samples as references in Rockjock to determine their relative contributions to local soils and to help improve quantitative mineral-

three soil horizons examined, as inferred by the

CONCLUSIONS

% of mineral content

use of parent material reference phases in Rock-

jock quantification, showed a dominance of rhyoli-

tic material present in the A horizon. Samples of —Observed ogy results was found to be very useful. Different parent material types were found to contribute differently to soils varied by depth/horizon. Continued use of this

624 (105-200 cm, BCt horizon)

—Calculatea technique will be applied to soils collected from different locations and depths of the study site. Based on comparisons with measured elemental data, the quantitative
—Difference
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tuff parent material appear to contribute more to

soil development in the two lower horizons. Parent mineralogical estimates were improved by using the parent material reference technique. Rietveld analysis proved to be more reliable than Rockjock for mineral quan-

Intensity (Counts)
Intensity (Counts)

tification of rock samples. The Rietveld analysis had shortcomings when attempting to analyze soils with abundant similar mineral phases and for the estimation of

I smectite minerals.
N . . B . S Y T REFERENCES

material contribution to untransformed soil mate-

rial was shown to be 71 % in the A horizon, 82 % in
the Bt horizon, and 70 % in the BCt horizon.

% of mineral content

718 (White Tuff) 715 716 717 718 Kaolinite Smectite - 45 39 49 ¢ Eberl, D.D., 2009. USER’S GUIDE TO ROCKJOCK -- A PROGRAM FOR DETERMINING QUANTITATIVE MINERALOGY FROM POWDER X-RAY DIFFRACTION DATA. U.S. Geological Survey Open-File Report 03-78.

Pumice Rhyolite P.Tuff W. Tuff Angle (Two Degrees Theta) Angle (Two Degrees Theta) | ¢ Jackson, M.L., 2005. Soil Chemical Analysis: An Advanced Course 2nd Edition. University of Wisconsin—Madison Libraries Parallel Press, Madison, WI, USA. pp 37.
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