Appendix A.  Soil descriptions

	Soil profile
	Horizon
	Depth (cm)
	Soil-type
	Color (moist)
	Color (dry)
	Texture
	Structure
	Consistence (dry)
	Consistence (wet)
	Consistence (moist)
	Consistence (plastic)
	Carbonate
	Boundary

	Thin1
	A
	0-5
	Tarrant –Eckrant
	10YR 2/1
	10YR 3/2
	clay loam
	weak, subangular blocky, very fine
	slightly hard
	slightly sticky
	friable
	slightly plastic
	moderately effervesces
	abrupt, smooth

	
	B1
	5-14
	
	10YR 2/1
	10YR 3/1
	clay loam
	moderate, subangular blocky, coarse
	hard
	slightly sticky
	friable
	slightly plastic
	moderately effervesces
	clear, wavy

	
	B2
	14-18
	
	10YR 2/1
	10YR 3/1
	clay loam
	moderate, subangular blocky, coarse
	very hard
	slightly sticky
	friable
	slightly plastic
	moderately effervesces
	abrupt, wavy

	
	C
	36+
	
	
	
	
	
	
	
	
	
	
	

	Thick4
	A
	0-4
	Tarpley
	7.5YR 2.5/1
	7.5YR 3/1
	clay
	weak
	extremely hard
	sticky
	very firm
	plastic
	effervesces
	abrupt

	
	B1
	4-17
	
	7.5YR 2.5/1
	7.5YR 3/1
	clay
	weak, subangular blocky, medium
	extremely hard
	sticky
	firm
	plastic
	effervesces
	gradational

	
	B2
	17-30
	
	7.5YR 2.5/1
	7.5YR 3/1
	clay
	weak, subangular blocky, medium
	extremely hard
	sticky
	firm
	plastic
	effervesces
	gradational

	
	B3
	30-39
	
	7.5YR 2.5/1
	7.5YR 3/1
	clay
	weak, subangular blocky, medium
	extremely hard
	sticky
	very firm
	plastic
	effervesces
	abrupt

	
	B4
	39-52
	
	7.5YR 3/2
	7.5YR 3/2
	clay
	weak, subangular blocky, medium
	extremely hard
	sticky
	firm
	plastic
	effervesces
	abrupt, wavy

	
	C
	52-55
	
	
	
	
	
	
	
	
	
	
	abrupt

	Thick5
	A
	0-9
	Spires
	5YR 3/2
	7.5YR 4/3
	clay
	moderate, granular, medium-coarse
	extremely hard
	sticky
	friable
	plastic
	none
	abrupt, smooth

	
	B1
	9-35
	
	10YR 3/4
	2.5YR 4/6
	clay
	weak, granular, medium
	extremely hard
	sticky
	firm
	plastic
	none
	clear, wavy

	
	B2
	35-52
	
	2.5YR 4/6, 10YR 5/4
	2.5Y 5/3,

5YR 4/6
	sandy clay
	moderate, subangular blocky, coarse
	extremely hard
	sticky
	firm
	plastic
	none
	clear, smooth

	
	B3
	52-70
	
	2.5Y 5/4
	2.5YR 5/3
	clay
	moderate, subangular blocky, fine
	extremely hard
	sticky
	firm
	plastic
	none
	abrupt, irregular

	
	C
	70+
	
	
	
	
	
	
	
	
	
	
	

	Thick7
	A
	0-13
	Spires
	7.5YR 3/2
	7.5YR 3/2
	clay
	moderate, granular, very fine-medium and blocky, fine-medium
	very hard
	slightly sticky
	friable to firm
	moderately plastic
	strongly effervesces (cobbles only)
	abrupt, irregular

	
	B
	13-45
	
	2.5YR 3/4
	2.5YR 3/3
	clay
	strong, blocky, medium
	very hard
	slightly sticky
	very firm
	moderately plastic
	none
	abrupt, irregular

	
	C
	45+
	
	
	
	
	
	
	
	
	
	
	


	Series
	Soil survey map unit
	Thickness (cm)
	Range site
	County

	Anhalt
	AnA, AnB, AN
	51-102
	Deep Redland
	Bandera9, Blanco4, Burnet4, Comal2, Hays1, Kendall6

	Crawford
	CrA, CrB, Ca, Cb
	43-114
	Redland
	Bexar11, Travis12

	Depalt
	DpB
	102-203
	Deep Redland
	Kerr5

	Dina
	DNC
	53-102
	Redland
	Medina7

	Hensley
	HnD, HsB, HeB, Hensley Association
	25-51
	Redland
	Blanco, Burnet, Gillespie1, Llano8

	Lindy
	LnD
	56-86
	Redland
	Gillespie

	Roughcreek
	RrC, RrF
	25-51
	Redland, Steep Redland
	Kerr, Llano

	Rumple
	RUC, RUD*
	51-102
	Gravelly Redland
	Comal, Hays, Llano

	Speck
	SpB, ScC, SpC, SsD, SPD
	36-51
	Redland
	Gillespie, Kimble3, Medina, Travis, Uvalde10

	Spicewood
	Spicewood-Rock Outcrop Association
	64-102
	Redland
	Blanco, Burnet

	Spires
	STC, SPX
	51-102
	Redland
	Bandera, Kerr

	Tarpley
	TaB, TpB, TRC, Tarpley Association, Tarpley-Comfort-Association*
	33-51
	Redland
	Blanco, Burnet, Comal, Hays, Kendall, Kerr

	Topia
	TpB, TpC
	53-102
	Redland, Deep Redland
	Gillespie, Medina, Uvalde

	*Tarpley-Comfort and Rumple-Comfort soil associations are mapped in Figure 2 because the dominant soil series is a Redland soil (Tarpley and Rumple, respectively), but the Comfort soil series is not a Redland soil.  Thickness (cm) is for a typical profile of a given soil map unit.  Soil survey map unit abbreviations are defined in the soil surveys referenced below.

	1.  Allison et al., 1975
	5.  Dittemore and Coburn, 1986
	9.  Hensell et al., 1977

	2.  Batte, 1984
	6.  Dittemore and Hensell, 1982
	10.  Stevens and Richmond, 1976

	3.  Blum, 1982
	7.  Dittmar et al., 1977
	11.  Taylor et al., 1962

	4.  Dittemore and Allison, 1979
	8.  Goerdel, 2000
	12.  Werchan et al., 1974


 Appendix B.  Redland range site soil series
Appendix C.  Geologic map units

The following list details the multiple stratigraphic units included in the simplified map units of Figure 2.  Simplified map units were defined by stratigraphic age and stratigraphic associations defined by the attribute tables of the shape files
 for the Waco, Seguin, Austin, Brownwood, Del Rio, Llano, and San Antonio Geologic Atlas of Texas sheets (Proctor et al., 1970; Proctor et al., 1974a; Proctor et al., 1974b; Kier et al., 1976; Waechter and Barnes, 1977; Barnes, 1981; Brown et al., 1983).  The Cretaceous strata were divided into three simplified map units for Figure 2.  1) Glen Rose and associated strata (Lower Cretaceous Paluxy Sand and older Cretaceous strata), 2) Edwards Limestone and associated strata (Lower Cretaceous strata younger than the Paluxy Sand, but older than the Georgetown Formation), and 3) Del Rio Clay and associated strata (Upper Cretaceous Georgetown Formation and younger strata).

Quaternary Alluvium

Low terrace deposits, young Quaternary deposits, alluvial fan deposits, colluvium or travertine, fluviatile deposits, playa deposits, Quaternary deposits undivided, Beaumont Formation (areas dominantly clay and areas dominantly sand), Lissie Formation undivided, Willis Formation, Leona Formation, and quartz arenite.

Uvalde Gravels (Quaternary or Tertiary)

Tertiary Rocks

Goliad Formation, Fleming Formation, Oakville Sandstone, Catahoula Formation, Fresno Formation, Jackson Group, Whitsett Formation, Yegua Formation, Stone City Formation, Laredo Formation, Weches Formation, Queen City Sand, El Pico Clay, Bigford Formation, Recklaw Formation, Carrizo Sand, Wilcox Group, Indio Formation, Midway Group, Wills Point Formation, and Kincaid Formation (Pisgah, Littig, and Tehuacana members).

Del Rio Clay and associated strata (Upper Cretaceous)

Upper Cretaceous rocks undivided, Neylandville Marl, Marlbrook Marl undivided, Marlbrook Marl (Upper Taylor Marl), Ozan Formation (Lower Taylor Marl), Natatoch Sand, Navarro Group, Pecan Gap Chalk, Wolfe City Formation, Cretaceous igneous rocks, Escondido Formation, Olmos Formation, San Miguel Formation, Upson Clay, Anachaco Limestone, Austin Chalk, Pen and Boquillas formations (Boquillas Flags), Eagle Ford Group (and collapsed areas), Lake Waco Formation (upper Eagle Ford Group), South Bosque Formation, Pepper Shale, Woodbine Group undivided, Buda Limestone, Del Rio Clay (Grayson Marl), Buda Limestone and Del Rio Clay undivided, and Georgetown Formation.

Edwards Limestone and associated strata (Lower Cretaceous)


Mainstreet Limestone, Paw Paw Formation, upper limestone of the Weno Limestone, Weno Limestone undivided, Denton Clay, Fort Worth Limestone, Duck Creek Formation undivided, Duck Creek Limestone of the lower Washita Group, Kiamichi Clay, Edwards Limestone of the upper Fredericksburg Group (where Kiamichi is absent, units of the lower Washita Group and the Edwards Limestone are undivided), Walnut Formation, Segovia and Fort Terrett members of the Edwards Limestone, Devils River Limestone, Salmon Peak Limestone, McKnight Formation, West Nueces Formation, Santa Elena Limestone, Sue Peaks Formation, Del Carmen Limestone (or Del Carmen Limestone - Calvert Zone), Telephone Canyon Formation, and Fredericksburg Group.

Glen Rose Limestone and associated strata (Lower Cretaceous)

Antlers Sand, Paluxy Sand, Glen Rose Formation (subdivided into two units by Corbula), Cox Sandstone, Bluff Mesa, Yucca, Shafter, and Presidio formations, Hensell Sand, Travis Peak Formation, Cow Creek Limestone, Hammett Shale, Sycamore Sand, and Commanchean limestone undivided.

Paleozoic Rocks

Permian(?) and Pennsylvanian rocks undivided, Canyon Group undivided, Smithwick Formation, Marble Falls Limestone, Mississippian and Devonian rocks undivided, Honeycut Formation, Gorman Formation, Tanyard Formation, San Saba, Point Peak, Morgan Creek Limestone, and Welge Sandstone members, and Lion Mountain Sandstone, Cap Mountain Limestone, and Hickory Sandstone members.

Precambrian Rocks

Younger granitic intrusive rocks, Town Mountain Granite, Red Mountain Gneiss, metagranite, Big Branch Gneiss, Coal Creek Serpentine, mafic and igneous rocks, Packsaddle Schist, Click, Rough Ridge, Sandy, and Honey formations, Lost Creek Gneiss, and Valley Spring Gneiss.

Appendix D.  Sample locations and descriptions

	Sample
	Latitude (N)
	Longitude (W)
	Map number
	Soil-type/rock-type
	Previous sample name

	Modern (Thin) Soils
	
	
	
	
	

	Thin1A
	30°8.17'
	99°32.24'
	1
	Tarrant-Eckrant
	HC P1A

	Thin1B1
	30°8.17'
	99°32.24'
	1
	Tarrant-Eckrant
	HC P1B1

	Thin1B2
	30°8.17'
	99°32.24'
	1
	Tarrant-Eckrant
	HC P1B2

	Thin2A
	308.12'
	9932.28'
	1
	Tarrant-Eckrant
	HC P2

	Thin3A
	305.65'
	9930.97'
	2
	Tarrant-Eckrant
	KWMA P2

	Relict (Thick) Soils
	
	
	
	
	

	Thick4B4
	30°5.55'
	99°30.78'
	2
	Spires-Tarpley
	KWMA P1H5

	Thick5A
	30°5.68'
	99°30.92'
	2
	Spires-Tarpley
	KWMA P3A

	Thick5B1
	30°5.68'
	99°30.92'
	2
	Spires-Tarpley
	KWMA P3B1

	Thick5B2
	30°5.68'
	99°30.92'
	2
	Spires-Tarpley
	KWMA P3B2

	Thick5B3
	30°5.68'
	99°30.92'
	2
	Spires-Tarpley
	KWMA P3B3 and rep.

	Thick6B
	29°57.74'
	99°34.67'
	3
	Spires-Tarpley
	STC 4

	Thick7A
	29°55.92'
	99°34.61'
	4
	Spires-Tarpley
	STC 5A

	Thick7B
	29°55.92'
	99°34.61'
	4
	Spires-Tarpley
	STC 5B

	Del Rio Clay Bedrock
	
	
	
	
	

	DRC-1
	306.88'
	97.05'
	5
	Del Rio Clay
	DRC-1

	DRC-2
	306.47'
	9937.92'
	6
	Del Rio Clay
	DRC-2

	DRC-3
	29°45.22'
	98°6.22'
	7
	Del Rio Clay
	DRC-NB

	DRC-4
	3014.38'
	9747.78'
	8
	Del Rio Clay
	DRC-BCGB

	DRC-5
	2921.03'
	10052.24'
	9
	Del Rio Clay and Felipe soil
	DRC-DG

	DRC-6
	2921.03'
	10052.24'
	9
	Del Rio Clay and Felipe soil
	DRC-DR

	Edwards Limestone Bedrock
	
	
	
	
	

	LS-1
	30°8.17'
	99°32.24'
	1
	Edwards Limestone (Segovia Member)
	LSBR HC P1

	LS-2
	305.65'
	9930.97'
	3
	Edwards Limestone (Segovia Member)
	LSBR KWMA P2

	Dust
	
	
	
	
	

	Dust-1
	-
	-
	10
	-
	1910 Dust

	Dust-2
	-
	-
	10
	-
	1930 Dust

	Modern and relict soils overlie the Segovia Member of the Edwards Limestone bedrock.  Previous sample name refers to a name previously applied to the same sample (Cooke et al., 2003;  Cooke, 2005).


E.  Details of Sm and Nd methods

Dissolution

Average sample sizes (in dry weight) were 40 mg for soils, 95 mg for the Del Rio Clay, 5.5 g for limestones, and 110 mg for dust samples.  Dried samples (most samples were oven dried overnight to one day at approximately 70ºC) were transferred to Teflon beakers containing enough deionized water to cover the samples.  The carbonate component of the samples was dissolved by adding concentrated nitric acid (HNO3) or 7N HNO3 drop-wise to the sample in deionized water.  

Soluble and insoluble fractions were separated by centrifuging and dried down.  The insoluble fractions of samples LS-1 and LS-2, which had an abundance of organics, were dissolved in aqua regia overnight on a hotplate and dried down
.  The insoluble fractions of all samples were dried down and dissolved in an approximately 4:1 mixture of hydrofluoric acid (HF) and HNO3 on a hotplate.  After the insoluble fractions were dried down, the HF-treated samples were dissolved and dried down in 6N hydrochloric acid (HCl) at least three times to convert fluorides into soluble chloride salts.  

Soluble and insoluble fractions of the HF-treated fraction were separated by centrifuging.  Remaining insolubles were dissolved in an approximately 4:1 mixture of HF and HNO3 at high-temperature and high-pressure in Teflon capsules within a PARR bomb (150°C for approximately one day and 210°C for approximately three days).  After high-temperature and high-pressure dissolution, the samples were dried down, re-dissolved, and dried down in 6N HCl at least three times to remove fluorides. 

The HF-bombed fraction was dissolved in 6N HCl at high-temperature and high-pressure in Teflon bombs to further destroy remaining fluorides (at 150°C for approximately one day and/or 210°C for approximately one to three days).  HCl-bombed samples were dried down, re-dissolved in 6N HCl, and combined with the previously separated soluble fractions.  

Chemistry

Prior to column chemistry, samples were spiked with a mixed 150Nd-149Sm tracer (UTSmNd-1b spike).  Samples were dissolved in 3N HNO3 and a split was taken for ICP-MS analysis.  Also, prior to column chemistry, samples with a significant portion of insoluble residue remaining were centrifuged and the insoluble material was separated and not loaded on the column.  

Samples LS-1 and LS-2 had an abundance of calcium, which may decrease rare earth element (REE) column chemistry yields.  Therefore, to remove calcium for these two samples only, REEs were separated by iron (Fe) co-precipitation followed by cation exchange column chemistry to remove the Fe.  Seven milligrams of Fe was added to samples LS-2 and LS-1 and the samples were taken to dryness.  These samples were dissolved in 2N HCl and transferred to a 15 mL centrifuge tube.  Ammonium hydroxide (NH4OH) was added drop-wise until the pH increased to 7 or 8.  The resulting brown iron hydroxide precipitate was allowed to sit over night and the supernatant liquid was removed by centrifuging.  Then, the precipitate was rinsed with deionized water.  Concentrated HNO3 was added drop-wise to the precipitate until it turned from opaque brown to transparent yellow and the solution was dried down.  The Fe precipitate included high field-strength elements (i.e., the REE).  The Fe precipitates of samples LS-2 and LS-1 were dissolved in 2N HNO3 for cation column chemistry to remove the Fe.  Cations were separated using the Eichrom cation resin AG 50 w × 8.  Fe was washed through the columns with 2N HNO3 and the remaining cations were eluted with 6N HCl.  These cation elutions were dissolved in HNO3 and dried down before REE column chemistry.

All samples were dissolved in 2N HNO3 for REE column chemistry.  REEs were separated using Eichrom RE-Spec resin using 2N HNO3 to wash out the non-REE and warm 0.05N HNO3 to elute REE.  Samples were dissolved in 6N HCl and dried down prior to Sm and Nd column chemistry.  REE separates were dissolved in 0.3N HCl and added to columns filled with HDEHP resin.  Nd was eluted with 0.3N HCl and Sm with 0.6N HCl.  Three μL of 0.03M phosphoric acid (H3PO4) was added to the Sm and Nd collection beakers and the Sm and Nd elutions were dried down.  

Analysis

Sm and Nd separates were dissolved in 0.3M H3PO4, loaded onto rhenium side filaments, and run on a Finnigan-MAT 261 thermal ionization mass spectrometer (TIMS) at the Department of Geological Sciences, The University of Texas at Austin.  The combined measurement of Nd isotope ratios and concentrations was performed on the TIMS operated in dynamic multi-collection mode.  90 to 120 measurements were used to determine 143Nd/144Nd, 150Nd/144Nd, 146Nd/144Nd, and 145Nd/144Nd ratios.  A correction for instrumental fractionation was made by normalizing to a 146Nd/144Nd ratio of 0.7219 using the exponential fractionation law.  The correction for isobaric Sm interferences was negligible for all samples.  Sm concentrations were determined by static multi-collection on the same instrument, and 45 to 75 measurements were used to determine 149Sm/147Sm and 147Sm/152Sm ratios.  Sm ratios were normalized for fractionation assuming a 152Sm/147Sm ratio of 1.76323 using the exponential fractionation law.  

Procedural blanks were 3 to 152 pg for Nd and 5 to 114 pg for Sm.  The average analytical uncertainty (2σ) for isotope dilution measurements of Sm and Nd concentrations is ± 0.5% for Nd and ± 0.4% for Sm.  This error calculation is based on propagations of errors associated with:  1) sample and spike weights, 2) spike concentration and composition determinations, 3) blank concentrations, and 4) analytical uncertainties of 150Nd/144Nd, 145Nd/144Nd, 143Nd/144Nd, and 149Nd/147Sm ratio measurements.  Over the course of the measurements in this study (2003 to 2005), the mean 149Sm/147Sm value for The University of Texas common Sm standard is 0.92155 ± 0.00009 (n = 5, 2σ) and the mean 143Nd/144Nd value for The University of Texas Ames Nd standard is 0.512073 ± 0.000013 (n = 8, 2σ).  The long term-average for the 143Nd/144Nd value of The University of Texas Ames Nd standard is 0.512083 ± 0.000015 (n = 75, 2σ; 1997 to Spring 2005).  The long term-average for the 143Nd/144Nd value of the Cal Tech nNdβ international standard is 0.511907 ± 0.000014 (2σ; 1992 to 1997).  εNd(0) values presented in this chapter are normalized using a chondritic uniform reservoir (CHUR) 143Nd/144Nd ratio of 0.512638. 

Concentrations of the mixed 150Nd-149Sm spike (UTSmNd-1b) were calibrated in this study using a mixed REE solution.  The concentrations of the mixed REE solution measured by isotope dilution were within ~2% of the nominal concentrations.  Results for the international standard GSP-1 from this study compare well with reported values for GSP-1 (Appendix I), and Nd and Sm concentrations for the Inorganic Ventures multi-element REE solution were within approximately 3 to 5% of the reported concentrations for Nd and Sm, respectively, giving confidence to the spike calibration and analytical procedures.      

REE patterns

As noted earlier, a split was taken (before column chemistry) for the measurement of elemental concentrations by ICP-MS.  Samples were diluted, internal standards were added, and concentrations of major, trace, and rare earth elements were measured using a Micromass Platform Quadrapole ICP-MS at the Department of Geological Sciences, The University of Texas at Austin.  With the exception of Gd, the average uncertainties of these measurements are approximately ± 4% for major elements, 10% for trace elements, and 14% for rare earth elements, based on comparisons of measured values of GSP-1 with reported values for GSP-1 (Gladney et al., 1992).  Gd concentrations for the GSP-1 standard did not agree with reported values; however, replicate Gd values for GSP-1 (n = 3) were reproducible to within 5%.  Sm and Nd concentrations measured by ICP-MS are, for most samples, within 10% (but up to 25%) of the concentrations measured by TIMS.  Note that the Sm and Nd concentrations measured by TIMS isotope dilution (Appendix I) are considered to be more accurate than the concentrations measured by ICP-MS (Appendix H).  Because only Sm and Nd concentrations were measure by TIMS, the REE patterns in Figure 5 are based on the REE concentrations measured by ICP-MS.  

 Appendix F.  Particle-size analysis results

	Sample
	Depth (cm)
	<2 μ
	2-5 μ
	5-20 μ
	2-20 μ
	>20 μ
	20-50 μ
	50 μ - 2 mm

	Thin2A
	0-12
	23
	6
	15
	21
	56
	18
	38

	Thick5A
	0-9
	20
	5
	17
	23
	57
	19
	38

	Thick5B1
	9-35
	42
	6
	12
	18
	41
	8
	33

	Thick5B2
	35-52
	68
	5
	8
	13
	19
	8
	11

	Thick5B3
	52-70
	69
	0
	6
	6
	25
	4
	21

	Thick4B4
	39-52
	64
	3
	8
	11
	24
	7
	17

	Thick7B
	30-45
	65
	2
	7
	8
	27
	2
	24

	Thick6B
	43-47
	50
	8
	10
	17
	33
	11
	22

	DRC-1
	-
	67
	11
	17
	27
	6
	4
	2

	DRC-3
	-
	62
	11
	18
	29
	9
	5
	4

	DRC-5
	-
	51
	9
	10
	18
	31
	5
	25

	Weight percent of material in given size-ranges.  Data in the <2 µ, 2-20 µ and >20 µ size ranges sum to 100% and are plotted in Figure 3.


Appendix G.  Clay-sized mineralogy

	Mineral
	Peak position (Å)

of representative reflections
	Number of peaks

	illite (mica)
	10.1, 5, 3.38
	2

	kaolinite
	7.16, 3.58
	2

	smectite
	16.9, 8.46, 5.64
	2

	mixed-layer illite/smectite
	9.82-8.58, 5.61-5.10
	1

	mixed-layer illite/smectite
	8.46-7.43, 3.54-3.39
	1

	quartz
	4.27, 3.34, 2.45, 2.28
	3

	K-feldspar (microcline)
	3.8, 3.29, 3.24, 3.03, 2.96, 2.89
	4

	K-feldspar (orthoclase)
	3.47, 3.24, 2.99, 2.77
	3

	plagioclase (albite)
	4.03, 3.68, 3.19, 3.15, 3.01
	3

	plagioclase (anorthite)
	4.04, 3.28, 3.19, 3.18, 3.05
	3

	Reflections used for positive identification of a mineral in Figure 4.  Number of peaks represents the number of representative reflections that were required to be present for positive mineral identification.  Peaks were identified using Jade XRD analysis software from patterns (with the background removed) of samples run in the ethylene glycol-solvated state.  An additional criterion for the presence of smectite was that the 001 peak was at lower d-spacing in the air-dried state than the ethylene glycol-solvated state.


Appendix H.  Elemental concentrations of soils and potential sources
	
	Modern Soil
	Relict Soil (A horizon)
	Relict Soil (B horizon)
	Del Rio Clay
	Limestone (regolith)
	Limestone (bedrock)

	Sample
	Thin2A
	Thick5A
	Thick5B3
	DRC-1
	LS-1
	LS-2

	Concentration (ppm)
	
	
	
	
	
	

	Mg
	19500
	2900
	8000
	4900
	147000
	1680

	Al
	59000
	45000
	106000
	31000
	88
	172

	K
	9900
	8200
	5800
	8500
	41
	146

	Ca
	37000
	6800
	12700
	340000
	*
	*

	Fe
	24900
	19100
	48000
	15900
	28
	95

	Mn
	650
	450
	180
	1100
	25
	17

	Sr
	64
	44
	57
	420
	220
	210

	Ba
	310
	260
	670
	63
	1.2
	1.5

	La
	34
	27
	140
	13
	0.12
	0.21

	Ce
	70
	59
	440
	25
	0.15
	0.27

	Pr
	8
	6.0
	40
	3.4
	0.019
	0.037

	Nd
	31
	22
	150
	12
	0.08
	0.16

	Sm
	6.2
	4.0
	33
	2.8
	0.013
	0.024

	Eu
	1.2
	0.7
	6.3
	0.4
	0.0025
	0.005

	Gd
	6.3
	5.1
	32
	3.1
	0.018
	0.034

	Dy
	5.3
	3.4
	23
	2.7
	0.017
	0.029

	Yb
	3.2
	2.4
	11
	1.3
	0.010
	0.020

	With the exception of Gd, the average uncertainty is approximately ±4% for major elements, 10% for trace elements, and 14% for rare earth elements, based on the comparison of measured values of GSP-1 with values for GSP-1 reported by Gladney et al. (1992).  Gd concentrations for the GSP-1 standard did not agree with reported values; however, replicate Gd values for GSP-1 (n = 3) were reproducible to within 5%. *Ca Concentrations are suspect and may have been outside the calibration range of the instrument.


Appendix I.  Nd isotope systematics of soils, cave sediment, and bedrock

	Sample
	143Nd/144Nd
	εNd(0)
	DM model age (Ma)
	Nd (ppm)
	Sm (ppm)
	Sm/Nd

	Soils
	
	
	
	
	
	

	Thin2A
	0.512184
	-8.9
	1340
	30.3
	5.85
	0.193

	Thin3A
	0.512136
	-9.8
	1410
	29.6
	5.68
	0.192

	Thick5A
	0.512124
	-10.0
	1390
	24.0
	4.50
	0.188

	Thick7A
	0.512186
	-8.8
	1350
	30.1
	5.85
	0.194

	Thick4B4
	0.512231
	-7.9
	1240
	51.6
	9.77
	0.189

	Thick5B3
	0.512255
	-7.5
	1280
	150
	29.9
	0.199

	Thick6B
	0.512189
	-8.8
	1330
	39.0
	7.52
	0.193

	Thick7B
	0.512194
	-8.7
	1440
	29.9
	6.16
	0.206

	Potential Sources
	
	
	
	
	
	

	DRC-1
	0.512239
	-7.8
	1340
	11.0
	2.24
	0.204

	DRC-2 (pedogenically altered)
	0.512016
	-12.1
	1350
	9.74
	1.58
	0.162

	DRC-4
	0.512094
	-10.6
	1480
	39.7
	7.66
	0.193

	DRC-3
	0.512061
	-11.3
	1450
	25.2
	4.62
	0.183

	DRC-5
	0.512080
	-10.9
	1420
	28.8
	5.28
	0.183

	DRC-6
	0.512062
	-11.2
	1420
	29.4
	5.29
	0.180

	LS-1 (regolith)
	0.512391
	-4.8
	1150
	0.076
	0.016
	0.211

	LS-2 (bedrock)
	0.512340
	-5.8
	1100
	0.135
	0.026
	0.193

	Dust-1
	0.512131
	-9.9
	1380
	20.6
	3.88
	0.188

	Dust-2
	0.512126
	-10.0
	1400
	22.8
	4.31
	0.189

	Standard
	
	
	
	
	
	

	GSP-1 (this study)
	0.511358
	-25.0
	1870
	191
	24.3
	0.127

	GSP-1 (Raczek et al., 2001 and 2003)
	0.511373
	-24.7
	1870
	210
	27.2
	0.130

	GSP-1 (Gladney et al., 1992)
	0.511360
	-24.9
	1920
	196
	26.3
	0.134

	Sm and Nd concentrations were determined by isotope dilution and measured by TIMS (note concentrations in Appendix H and Figure 5 were measured by ICP-MS).
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� Digitized by the U.S. Army Corps of Engineers; unpublished data available on CD-ROM.


� Note one possible source of error for sample LS-2:  a small amount of this sample’s insoluble residue was spilled and not recovered before high-temperature and high-pressure dissolution and before the mixed Sm and Nd spike was added.
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