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APPENDIX 1 - ROCK DETECTIVE MYSTERY SAMPLE LIST

INTRODUCTION

This report presents lead (Pb) concentration data on rock, fossil, and mineral samples equivalent to those distributed by Rock Detective Geoscience Education for the K-12 Earth Science Education program, "Become a Rock Detective". The data is in table form and arranged numerically by Rock Detective Mystery Number, with samples similar to the ones we provide listed under each Mystery Number. The objective of the study is to determine the Pb content of each sample in order to comply with Federal legislation limiting Pb to 300 ppm in any material manufactured for children 12 years old and under.  Accordingly, based upon it's lead (Pb) content, each sample is designated in one of three ways:  1) Safe for all students; 2) Only to be used for students 13 years and older; or, 3) Not safe for any student.  These designations are listed in Column three of the table.
The findings of this study are based on data from the most reliable sources available to us.  Over 200 rocks, fossils, and minerals are currently being used by Rock Detective for Earth Science education and all were researched for leadconcentration.  In some cases the samples themselves were analyzed, but generally several analyses were obtained from geologically analogous materials.  Data from a variety of sources (often from several different laboratories) were used to create a distribution of Pb concentrations in sample types that include Rock Detective samples.  The maximum Pb values show which  samples should not be used for students 12 years and under.
This report does not deal with the question of the inaccessibility of Pb in earth materials, but rather makes decisions about each sample based on total Pb concentration.  This more conservative approach tells us how much lead is present, but not where the lead is sited in molecular structures, or as an impurity.

To summarize the need for this report:  Congress passed, and the Consumer Product Safety Commission (CPSC) is enforcing a regulation limiting Pb to 300 ppm  (and in 2010 possibly to 100 ppm) in any material manufactured for children 12 years old and under.  Minerals not based upon Pb are exempt.  
Based upon Policy Statements issued by the CPSC and our conversations with both the Director of a Third Party Laboratory and the Official Representative for the CPSC, we have clarified the responsibility of Rock Detective Geoscience Education as follows:  By seeking out analyses of Pb in samples equivalent to the ones provided, Rock Detective has done 'due diligence' to determine that samples provided to students do not contain prohibitive amounts of Pb-based minerals. The data on Pb concentration is shown on the following table. --(RGD-Author)  

TABLE 1. SHOWING ROCK DETECTIVE SAMPLES AND LEAD CONCENTRATION

NOTES ABOUT TABLE 1.
--  SAMPLES ARE ARRANGED NUMERICALLY BY ROCK DETECTIVE MYSTERY NUMBER


'#'_ refers to the Mystery number.  Missing numbers indicate Mystery samples that are not available 
 

-- ROCK DETECTIVE MYSTERIES consist of one or more rock, fossil, or mineral samples and an activity.  

-- SAMPLES LISTED ON THE TABLE FOR EACH MYSTERY ARE REPRESENTATIVE OF SAMPLES THAT ARE USED 


FOR THE MYSTERY

-- THE COMPLETE LIST OF MYSTERY SAMPLES is shown in Appendix I

-- NMD = NEED MORE DATA   Samples for which analytical data is currently unavailable will not be included in kits.
-- For geological terms, see Jackson, J. A. ed, 1997, GLOSSARY OF GEOLOGY, 4th Edition, 


American Geological Institute, Alexandria, Virginia.  ISBN 0-922152-34-9
	MYSTERY #

& 

NAME
	SAMPLE NAME

&

CHEMICAL FORMULA
	SAFETY
1) For all  

    students

2) For 13 yrs

     & older

3) Not safe
	FINDINGS / COMMENTS


	Pb

ppm
	SAMPLE

ANALYZED
	AUTHOR

REFERENCE
	ADDITIONAL

REFERENCE

INFORMATION

LISTED IN TABLE 2.

	#1

Kyanite


	Kyanite

Al2SiO5
	1) For all students
	- Kyanite is not based on Pb, nor is Pb an impurity.

- For minerals that do not contain K, Ba, Ca, or Na, the likelihood of any chemical replacement with Pb in the mineral structure is minimal. (Clark, written communication, 2009) 
	25
	DT-N
	Data from:  Centre de Recherches Pétrographiques et Géochimiques
	1

	#2

Petrified

Wood
	Petrified wood

Mainly quartz

SiO2
	1) For all students
	- Petrified wood is composed of siliceous minerals (eg. agate, opal, microcrystalline quartz) that are not based upon Pb, but it may exist as impurities.  (RGD-Author)  
	2

Average
	Opal
	Hill & Livingston,1993, 

Table 1
	---

	#3

Sharks

Teeth
	Sharks Teeth

Ca10(CO3, PO4)6(OH)2 

Dahlite (Trueman and Tuross, 2002)

	1) For all students
	- Sharks teeth are composed of minerals that are not based upon Pb.  

- Trueman and Tuross (2002) suggest that marine animal teeth will contain amounts of Pb that reflect that of the sea water in which they live.  The concentration of Pb in sea water is extremely low (0.013 ppb (parts per billion). (Ching-Bin Ke and King-Chuen Lin, 1999) 
	6.75

Range
	Mineral IAEA-A-3/1

(shark vertebrae)
	International Atomic Energy Agency, 1974
Data from:

GeoReM, 2009
	---

	#7

Volcanic Ash,

Mt Spurr. AK
	Volcanic Ash 

from 

Mt. Spurr, AK
	1) For all students
	

-----
	< 17
	Mt. Spurf lava & tephra

Whole-rock analysis
	Nye, et.al., 1995
	15

	#8

Volcanic Ash,

Mt Redoubt. AK
	Volcanic Ash 

from 

Redoubt Volcano, AK
	1) For all students
	

-----
	< 10
	Redoubt Volcano lava & tephra

Whole-rock analysis
	Nye, et.al., 1994
	15

	#9

Braciopod &

Articulated Mollusk
	Mollusk

Calcite

CaCO3
	1) For all students
	- Shell material, both fossil and modern, is composed of minerals that are not based upon Pb, nor is Pb a major impurity.  

(MMC-Author)
	< 1-3

range
	Bivalves
	Milliman, 19741
	---

	#9

Braciopod &

Articulated Mollusk
	Fossil Brachiopod

Calcite

CaCO3
	1) For all students
	- Shell material, both fossil and modern, is composed of minerals that are not based upon Pb, nor is Pb a major impurity.  

(MMC-Author)
	< 0.1- 29.9

median = 1.3
	Brachiopods
	Hills & Stevenson, 2006
	---

	#10

Articulated 

Bivalve
	Articulated Bivalve

Calcite or Aragonite

CaCO3
	1) For all students
	- Shell material, both fossil and modern, is composed of minerals that are not based upon Pb, nor is Pb a major impurity.  

(MMC-Author)
	< 1-3

range
	Bivalves
	Milliman, 1974
	---

	#11

Calcite,

Many Kinds
	Igneous Calcite

Calcite

CaCO3
	1) For all students
	- Calcite is a mineral that is not based upon Pb.
	4 and 6
	Igneous Calcite
	Craddock, et.al., 2007
	---

	#11

Calcite,

Many Kinds
	Limestone
Calcite

CaCo3
	1) For all students
	- Calcite is a mineral that is not based upon Pb.
	< 0.1- 29.9

median = 1.3
	Limestone
	Hills & Stevenson, 2006
	---

	#11

Calcite,

Many Kinds
	Iceland Spar

Calcite

CaCO3
	1) For all students
	- Calcite is a mineral that is not based upon Pb. and Iceland spar is an extremely pure form of calcite. 

(RGD-Author)  

- It is safe to assume that Iceland spar will contain the same concentration of Pb as other carbonates used in this mystery.

(MMC-Author)

- This type of carbonate is used widely as an example of double refraction. (MMC-Author)
	NMD
	---
	---
	---

	#11

Calcite,

Many Kinds
	Carbonate Rocks

Calcite

CaCO3
	1) For all students
	- Calcite is a mineral that is not based upon Pb.
	25 

average

of  9 averages
	Carbonate rocks
	Chilingar, et.al., 1967

Table III, page 51
	---



	#11

Calcite,

Many Kinds
	Travertine

Calcite

CaCO3
	1) For all students
	- Calcite is a mineral that is not based upon Pb.

- This rock type is formed under low temperature, ground water conditions.

	12
	Travertine
	Hill & Livingston, 1993
	---



	#11

Calcite,

Many Kinds
	Mound Carbonate

Calcite

CaCO3
	1) For all students
	- Calcite is a mineral that is not based upon Pb.


	2, 4
	Mound Carbonate
	Hill & Livingston, 1993

Table 1
	---



	#11

Calcite,

Many Kinds
	Stoney Coral, Modern

Aragonite

CaCo3
	1) For all students
	- Aragonite is a mineral that is not based upon Pb.

- Shell material, both fossil and modern, is composed of minerals that are not based upon Pb, nor is Pb a major impurity.  

(MMC-Author)
	2

Average


	7 samples

Stoney Coral

(Zoantharia)
	Milliman, 1974

Table 26, page 92-93
	---



	#11

Calcite,

Many Kinds
	Marble

Calcite

CaCo3
	1) For all students
	- Calcite is a mineral that is not based upon Pb.

- Marble is a metamorphic rock formed from limestone.


	21

---

11


	Sample 79D-1

Marble from Virginia

---

Marble, Xenolith

Sample = s VS98A-47A 
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data-
--

Del Moro, 2001

data downloaded from GEOROC
	13

---

55

	#11

Calcite,

Many Kinds
	Dolomite

CcMg(Co3)2
	1) For all students
	- Concentrations are from Japanese material used as Geochemical Standards.
	1

4.4

18
	Japanese Geochemical Standards:

JDo-1

GBW 07114

GBW 07108
	Wiens,

Written communication, 2009
	30

	#11

Calcite,

Many Kinds
	Green River Shale/

Carbonate Mudstone
	1) For all students
	- The Upper Cretaceous, silty marine Cody Shale approximates the carbonate mudstones used for these Mysteries.(RGD-Author)
	31
	Sample SCo-1

Cody Shale
	USGS Certificate of Analysis
	52

	#11

Calcite, 

many kinds
	Shell material 

Pelecypods

Aragonite CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not  based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	< 1 - 10

Range 


	14 samples 

Pelecypods
	Milliman, 1974,

Table 32, p. 110-113
	---



	#11

Calcite, 

many kinds
	Shell material

Pelecypods 

Calcite (CaCO3) 
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not  based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	1 - 3

Range 


	6 samples 

Pelecypods
	Milliman, 1974,

Table 32, p. 110-113 
	---



	#11

Calcite, 

many kinds
	Shell material

Gastropods

Aragonite & Calcite (CaCO3)
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not  based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	< 1 to 20 

 Range 


	14 samples 

Gastropods
	Milliman, 1974,

Table 32, p. 110-113
	---



	#11

Calcite, 

many kinds
	Serpulids (Worm tubes)


Aragonite and Calcite (CaCO3)

	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not  based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	2 - 10

Range
	Serpulidae
	Milliman, 1974,

Table 34, p 121
	---



	#11

Calcite, 

many kinds
	Arthropods (barnacles, crabs)

Aragonite and Calcite (CaCO3)
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not  based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	3, 3, 3


	Cirripedia
	Milliman, 1974,

Table 35, p. 124
	---



	#12

Calcite & Gypsum
	Igneous Calcite

CaCO3

	1) For all students
	- Calcite is a mineral that is not based upon Pb.
	4 and 6
	Igneous calcite
	Craddock, et.al., 2007
	---



	#12

Calcite & Gypsum
	Gypsum   

CaSO4.2H2O

	1) For all students
	- Gypsum is a mineral that is not based upon Pb.
	7
	Sample containing 94% 

Gypsum
	May and Sweeny, 1984

Tables 4 and 5, p 147
	---



	#13 

Various Metal Ores
	Dowling ceramic bar magnet
	1) For all students
	- Coating on ceramic bar magnet is certified in conformity by Dowling.
	< 2 to 4

0 to 28

Range, dependent upon color
	Soluble Pb in

coating on bar magnet

Total Pb in

coating on bar magnet


	Martin, written communication, 2010
	3

See Dowling Certification.

	#13 

Various Metal Ores
	Dowling ceramic bar magnet
	1) For all students
	- Substrate of ceramic magnet (beneath coating) is certified in conformity by Dowling
	< 2
	Soluble Pb in

substrate of bar magnet
	Martin, written communication, 2010
	3

See Dowling Certification.

	#13 

Various Metal Ores
	Galena

PbS
	3) Not Safe
	- Galena is a mineral based upon Pb that exceeds 300 ppm.
	
	
	
	---



	#13 

Various Metal Ores
	Magnetite  

(Fe2+Fe3+ ) 2O4
	1) For all students
	- Magnetite is not based upon Pb.
	23
	 Average of 339 samples from 17 groups of igneous rocks
	Razjigaeva and Naumova, 1992, 

Table 1, p 804
	---



	#13 

Various Metal Ores
	Chalcopyrite

CuFeS2 
	1) For all students
	
	128 

(+ or -  33)
	Sample SBTSC GSM-2
	GeoReM, 2009
	56

	#13 

Various Metal Ores
	Pyrite 

FeS2 
	1) For all students
	
	23.4
	Sample SBTSC GSM-1


	GeoReM, 2009
	56

	#13 

Various Metal Ores
	Sphalerite 

(Zn,Fe2+)S


	2) For 13 yrs

 & older
	
	984
	Sample SBTSC GSM-4
	GeoReM, 2009
	56

	#13 

Various Metal Ores
	Hematite

Fe2O3
	1) For all students
	
	<  5
	Sample 79B-6
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#14 

Muscovite
	Muscovite

KAl3Si3O10(OH)1.8F0.2



	1) For all students
	
	17 

Average of four medians
	From pegmatite 
	Alfonso, 2003,

Table 4


	---



	#15 

Diatomite
	Amorphous silica

SiO2. nH2O
	1) For all students
	
	0.2 to 0.5
	
	Gbadebo, 2006

	---



	#15 

Diatomite
	Amorphous silica

SiO2. nH2O
	1) For all students
	
	28
	Sample UNS KB
	GeoReM, 2009
	56

	#16

Halite
	Halite

NaCl
	1) For all students
	- Analysis by:  Advanced Laboratories, Inc., 40 West Louise Ave, Salt Lake City, UT  84115
	0.07
	Salt from Redmond,  UT
	Advanced Laboratories, Inc
	31

See analysis 

	#17

Breccia, Leesburg Conglomerate, 

Virginia
	Limestone

Calcite CaCO3

	1) For all students
	- Limestone clasts in clay and carbonate matrix are from an oxidizing terrestrial environment of deposition. (RGD-Author)  


	< 5

< 0.1- 29.9

median = 1.3
	Sample G-549

Lincolnshire Fm. (VA)

Limestone

90 samples, US& Canada
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
Hills & Stevenson, 2006
	13



	#17

Breccia, Leesburg Conglomerate, 

Virginia
	Clay and carbonate matrix
	1) For all students
	- Limestone clasts in clay and carbonate matrix are from an oxidizing terrestrial environment of deposition. (RGD-Author)  
	21

4 samples
	clayey silt and sand
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#19

Tektite
	Melted earth crust
	1) For all students
	- Tektites are impact-melted earth crust material.

(Koeberl, 1994). 
	16
	Average Earth Crust
	Weast, 1966
	---



	#20

Geologic Sample with sawed faces
	Many compositions
	1) For all students, if of known composition
	- Some of these samples are an unknown mineral composition, hence for students < 12 years, use only those of known composition, for example, limestone, marble, or quartzite, and examine the substrate closely at 10x magnification to eliminate samples that contain galena.
	16 

Estimated
	Average Earth Crust
	Weast, 1966
	---



	#22

Drill Core
	Rock Composition:  

Marble

Calcite  CaCO3
	1) For all students
	- Solid, cylindrical pieces of drill core about  7 inches (18 cm) long

(RGD-Author) 
	21

---

11


	Sample 79D-1

Marble from Virginia

---

Sample  s VS98A-47A Marble, Xenolith


	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data ---

Del Moro, 2001

data downloaded from GEOROC
	13

---

55

	#26

Trace Fossils in shale, siltstone, or limestone
	Trace fossils in Shale
	1) For all students
	- An example of a trace fossil is a footprint, or a worm burrow preserved in a rock.  

- The composition of the trace fossil is the same as the rock itself.
	8.1

Median of 17 analyses
	Shale
	Hills and Stevenson, 2006
	

	#26

Trace Fossils in shale, siltstone, or limestone
	Trace fossils in Siltstone
	1) For all students
	- An example of a trace fossil is a footprint, or a worm burrow preserved in a rock.  

- The composition of the trace fossil is the same as the rock itself.
	8
	Sample G-513
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
	13

	#26

Trace Fossils in shale, siltstone, or limestone
	Trace fossils in Limestone
	1) For all students
	- An example of a trace fossil is a footprint, or a worm burrow preserved in a rock.  

- The composition of the trace fossil is the same as the rock itself.
	< 0.1- 29.9

median = 1.3
	90 samples, limestone from US & Canada
	Hills & Stevenson, 2006
	---



	#27

Mud Wasp Nest
	Lightly cemented sediment
	1) For all students
	- Nests are composed of sediments that represent the average Pb content of the Earth's crust.

(RGD-Author)  
	16
	Average Earth Crust
	Weast, 1966
	---



	#28

Asphalt
	An aggregate of pebbles, 

gravel, and tar.
	1) For all students
	
	< 0.2 to 1.8
	Reclaimed Asphalt Pavements (RAP)
	Kreich, year unknown
	---



	#29

Cobbles, Chilhowee/Antietam Quartzite w/ skolithus 
	Quartzite

SiO2
	1) For all students
	- Rounded cobbles of quartzite showing straight worm tubes
	< 5

< 2
	Sample 188D-5

Sample 175A-1
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
	13

	#30

Coal from Mingo-Logan, 

West Virginia
	Coal composition is

 mostly carbon (C)
	1) For all students
	- We have listed many analyses of coal from a variety of locations.
	5.1
	Lower Bakerstown 

Sample CLB-1
	Wilson, 1997

USGS Certificate of Analysis
	54, 44

	#30

Coal from Mingo-Logan, 

West Virginia
	Coal composition is

 mostly carbon (C)
	1) For all students
	- We have listed many analyses of coal from a variety of locations.
	0.53 to 26
	26 drill core samples from West Virginia coal
	COALQUAL
	54

	#30

Coal from Mingo-Logan, 

West Virginia
	Coal composition is

 mostly carbon (C)
	1) For all students
	- We have listed many analyses of coal from a variety of locations.
	< 10
	Coal
	Schweinfurth, 2004

Figure 9
	54

	#30

Coal from Mingo-Logan, 

West Virginia
	Coal composition is

 mostly carbon
	1) For all students
	- We have listed many analyses of coal from a variety of locations.
	8.8 to 65 Triplicate analyses
	8 coal samples from PA,WYO, IL, VA, UT, WVA, ND
	Palmer, 1997

USGS Bulletin 2144
	54

	#30

Coal from Mingo-Logan, 

West Virginia
	Coal composition is

 mostly carbon
	1) For all students
	- We have listed many analyses of coal from a variety of locations.
	4.8
	Mary Lee coal bed,

Walker County, Alabama
	Schweinfurth, 2004

Table 4
	54

	#31

Quartz, Many kinds
	Quartz

SiO2
	1) For all students
	- Quartz from metalliferous veins coexistant with galena could be contaminated with Pb, so vein quartz samples are examined for galena with 10x magnification.

(RGD-Author)  
	8
	Quartz from Yucca Mtn, Nevada
	Hill and Livingston, 1993
	---



	#31

Quartz, Many kinds
	Quartz

SiO2
	1) For all students
	- Quartz from metalliferous veins coexistant with galena could be contaminated with Pb, so vein quartz samples are examined for galena with 10x magnification.

(RGD-Author)
	0.13 to 0.2

Mean = 0.16
	Quartz
	Wedepohl, 1974
	---



	#31

Quartz, Many kinds
	Quartz

SiO2
	1) For all students
	- Quartz from metalliferous veins coexistant with galena could be contaminated with Pb, so vein quartz samples are examined for galena with 10x magnification.

(RGD-Author)
	2 to 4

Mean = 3
	Quartz
	Wedepohl, 1974
	---



	#32

Petrified wood and fossil bone
	Petrified wood

Opal   SiO2
	1) For all students
	- Petrified wood is composed of siliceous minerals (eg. agate, opal, and microcrystalline quartz) that are not based upon Pb.

(RGD-Author)   
	2

Average 
	 4 analyses of

Opal
	Hill and Livingston, 1993
	---



	#32

Petrified wood and fossil bone
	Fossil bone

Mostly Apatite -- MMC

Ca5(PO4)3(F,Cl,OH)  
	1) For all students

(see comment)
	- Some terrestrial fossil bone tends to have somewhat elevated Pb content.
	6.75
	Animal bone powder
	Analyses by the

International Atomic Energy Agency, 1974

Data downloaded from GeoReM
	56

	#32

Petrified wood and fossil bone
	Fossil bone

Mostly Apatite -- MMC

Ca5(PO4)3(F,Cl,OH)
	1) For all students

(see comment)
	- Some terrestrial fossil bone tends to have somewhat elevated Pb content.
	25 to 40

Range
	Archaeological bone
	Fitch, et al, 2003. p. 442
	---



	#32

Petrified wood and fossil bone
	Fossil bone

Mostly Apatite -- MMC

Ca5(PO4)3(F,Cl,OH)
	1) For all students

(see comment)
	- Some terrestrial fossil bone tends to have somewhat elevated Pb content.
	130 ± 20


	22 samples
Terrestrial fossil bone
	Trueman and Tuross, 2002

Table 2
	---



	#32 

Petrified wood and fossil bone
	Fossil bone

Mostly Apatite -- MMC

Ca5(PO4)3(F,Cl,OH)
	1) For all students

(see comment)
	- Some terrestrial fossil bone tends to have somewhat elevated Pb content.
	225 ± 18


	3 samples 

Terrestrial fossil bone
	Trueman and Tuross, 2002

Table 2
	---



	#32 

Petrified wood and fossil bone
	Fossil bone

Mostly Apatite -- MMC

Ca5(PO4)3(F,Cl,OH)
	1) For all students

(see comment)
	- Some terrestrial fossil bone tends to have somewhat elevated Pb content.
	77


	105 samples 

Terrestrial fossil bone
	Trueman and Tuross, 2002

Table 2
	---



	#33 

Slag
	
	3) Not safe

(see comment)
	- More data is required to establish the safety of slag.
	0.3 to 545

Range


	10 slag samples
	Hills & Stevenson, 2006
	---



	#34 

Jade
	Jadeite

 Na(Al,Fe3+)Si2O6
	1) For all students
	- Jadeite is the major mineral in the gemstone Jade.
	< 0.3

Below Detection
	Jadeite
	Morishita, et. al., year unknown
	---



	#35 

Amazonite
	Microcline Feldspar 

KAlSi3O8
	1) For all students
	
	9.5 to 79.5

52

114
	Sampled from Granite

Sampled from Granodiorite

Sampled from Pegmatite


	Doe and Tilling, 1967

Table 2, p. 809
	---



	#36 

Prehnite
	Prehnite

Ca2Al2Si3O10(OH)2
	1) For all students
	
	None
	Prehnite from New Jersey, USA
	Pohwat, 2010
	---



	#37 

Opal, raw
	Opal

SiO2·nH2O
	1) For all students
	- Opal is a mineraloid gel which is deposited at a relatively low temperature and may occur in the fissures of almost any kind of rock.
	2 and 4
	Opal and Opal Vein

Yucca Mtn
	Hill and Livingston, 1993
	---



	#38

Fossils in limestone or shale
	Shale
	1) For all students
	
	8.1

median of

17 analyses
	Shale
	Hills and Stevenson, 2006
	---



	#38

Fossils in limestone or shale
	Carbonate Rocks

Calcite

CaCO3

	1) For all students
	- Calcite is a mineral that is not based upon Pb.
	25 

average

of  9 averages
	Carbonate rocks
	Chilingar, et. al.,1967

Table III, p. 51
	---



	#39

Shale with and without fossils
	Shale
	1) For all students
	- The Pb concentration will be similar for shales with and without fossils.
	8.1

median of

17 analyses

19

average of 6

analyses
	Shale

Shale
	Hills and Stevenson, 2006

Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	---

13

	#40

Pumice
	Pumice (rhyolitic) supplied by Hess Pumice Products Co, Idaho
	1) For all students
	- Analysis by Hess Pumice Products reports 71% SiO2 indicating a rhyolitic composition.
	17 to 34.7

26 values

19.1 to 40

10 values
	Rhyolite
	GeoReM, 2009
	56

	#41

Basalt or Andesitic Lava
	Basalt or Andesitic Lava
	1) For all students
	
	13.3

Average of 5 analyses

2.6
	Andesite

Sample AGV-2

Basalt, 

Sample BHVO-1
	US Geological Survey

Certificates of Analysis
	44



	#42

Fossil Limestone
	Carbonate Rocks

Calcite

CaCO3
	1) For all students
	- Calcite is a mineral that is not based upon Pb.
	25 

average

of  9 averages
	Carbonate rocks
	Chilingar, et. al.,1967

Table III, p. 51
	---



	#43

Geologic Sample marked with numbers
	Many compositions
	1) For all students, if of known composition
	- Many of these samples are an unknown mineral composition, hence for students < 12 years, use only those with known composition, eg limestone or quartzite, and examine the substrate closely at 10x magnification and eliminate samples that contain galena 

(RGD-Author).
	16 

Estimated
	Average Earth Crust
	Weast, 1966
	---



	#44

Granite
	Granite
	1) For all students
	- Mineral composition:  Feldspar, quartz, biotite, muscovite, amphibole, magnetite
	30
	Granite

Sample  G-2
	US Geological Survey

Certificates of Analysis
	44



	#46

Exogyra
	Shell material

Pelecypods 

Calcite (CaCO3)
	1) For all students
	- Shell material, both fossil and modern, is composed of minerals that are not based upon Pb, nor is Pb a major impurity.  

(MMC-Author)
	1 to 3

Average = 1.6
	Pelecypods
	Milliman, 1974

Table 32, p 110-113
	---



	#47

Gryphaea
	Shell material

Pelecypods 

Calcite (CaCO3)
	1) For all students
	- Shell material, both fossil and modern, is composed of minerals that are not based upon Pb, nor is Pb a major impurity.  

(MMC-Author)
	1 to 3

average = 1.6
	Pelecypods
	Milliman, 1974

Table 32, p 110-113
	---



	#48

Anhydrite
	Anhydrite

CaSO4
	1) For all students
	- Anhydrite is the dehydrated form of gypsum.
	7
	Sample contains 94% gypsum
	May, et. al., 1984

Tables 4 and 5, p 147
	---



	#50

Stoney Bryozoan,

Ordovician
	Stoney Bryozoan

Calcite (CaCO3)
	1) For all students
	.
	< 0.1- 29.9

median = 1.3
	90 samples, limestone from US & Canada
	Hills & Stevenson, 2006
	---



	#51

Mineral Identification
	Quartz, Rose quartz

SiO2
	1) For all students
	
	0.13 to 0.2

Mean = 0.16

< 30
	Quartz

Volcanic quartz
	Wedepohl, 1974

Cohen and Sumner, 1958

Table 1, p 60
	---



	#51

Mineral Identification
	Muscovite

KAl3Si3O10(OH)1.8F0.2



	1) For all students
	
	17 

Average of four medians
	From pegmatite 
	Alfonso, 2003,

Table 4


	---



	#51

Mineral Identification
	Magnetite  

(Fe2+Fe3+ ) 2O4
	1) For all students
	- Magnetite is not based upon Pb.
	23
	 Average of 339 samples from 17 groups of igneous rocks
	Razjigaeva and Naumova, 1992, 

Table 1, p 804
	---



	#51

Mineral Identification
	Pyrite 

FeS2 
	1) For all students
	
	23.4
	Sample SBTSC GSM-1

Pyrite
	GeoReM, 2009
	56

	#52

Feldspar and Granite
	Microcline (Orthoclase) Feldspar 

KAlSi3O8
	1) For all students
	- Both orthoclase and plagioclase feldspar are used for this Mystery.
	9.5 to 79.5

52

114

29


	Sampled from Granite

Sampled from 

Granodiorite

Sampled from Pegmatite

Microcline
	Doe and Tilling, 1967

Table 2, p. 809
Alfonso and Melgarejo, 2003
	---



	#52

Feldspar and Granite
	Plagioclase Feldspar 

Na0.5Ca0.5Si3AlO8
	1) For all students
	- Both orthoclase and plagioclase feldspar are used for this Mystery.
	3.8 to 12.2

46

31


	Sampled from Granite

Sampled from Pegmatite

Albite
	Doe and Tilling, 1967

Table 2, p. 809
Alfonso and Melgarejo, 2003
	---



	#52

Feldspar and Granite
	Granite
	1) For all students
	- Mineral composition:  Feldspar, quartz, biotite, muscovite, amphibole, magnetite
	30
	Granite

Sample  G-2
	US Geological Survey

Certificates of Analysis
	44



	#53

Onyx
	Onyx - (Siliceous microcrystalline quartz)

SiO2
	1) For all students
	
	3.9

8.8
	Chalcedony and microcrystalline quartz

Broadway

Warm Springs
	Nolde and Giannini, 1997
	---



	#54

Cockeysville Marble
	Marble

Calcite CaCO3

	1) For all students
	
	21
	Sample 79D-1

Marble from Virginia


	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
	13

	#55

Trilobites
	Trilobites

Chitinous shell replaced with

Calcite

CaCO3
	1) For all students
	- Shell material, both fossil and modern, is composed of minerals that are not based upon Pb, nor is Pb a major impurity.  

(MMC-Author)
	< 0.1- 29.9

median = 1.3
	Limestone

90 samples from US & Canada
	Hills & Stevenson, 2006
	---



	#56

Horn Coral
	Horn Coral

Calcite

CaCO3
	1) For all students
	- Shell material, both fossil and modern, is composed of minerals that are not based upon Pb, nor is Pb a major impurity.  

(MMC-Author)
	< 0.1- 29.9

median = 1.3
	Limestone

90 samples from US & Canada
	Hills & Stevenson, 2006
	---



	#57

Braciopod
	Fossil Brachiopod

Calcite

CaCO3
	1) For all students
	- Shell material, both fossil and modern, is composed of minerals that are not based upon Pb, nor is Pb a major impurity.  

(MMC-Author)
	< 0.1- 29.9

median = 1.3
	Limestone

90 samples from US & Canada
	Hills & Stevenson, 2006
	---



	#60

Coating of tiny quartz crystals
	Quartz

SiO2
	1) For all students
	- Requires 10x examination of substrate
	30
	Volcanic quartz
	Cohen and Sumner, 1958

Table 1, p 60
	---



	#61

Fissile Shale
	Shale
	1) For all students
	
	< 2

average of 6 samples

20
	Black shales, Martinsburg & Millboro fms  Virginia

Chattanooga Black shale
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 

Anderson, 2008, Table 2
	13

14

	#62

Concrete
	Mixed cement, sand and pebbles
	1) For all students
	- The median concentration of Pb in concrete components is reasonable. (RGD-Author)  
	Low
	Extensive sampling of all

components
	Hills & Stevenson, 2006
	---



	#63

Goethite or Hematite
	Goethite

FeO(OH)

Hematite

Fe2O3
	1) For all students
	
	14

< 5


	Limonite Sample 79B-3

Hematite Sample 79B-6
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#64

Talc
	Talc

Mg3Si4O10(OH)2

	1) For all students
	
	8
	In talc zone
	Fowler, et. al., 1981, Table 2, p 175
	---



	#65

Anthracite Coal
	Anthracite Coal

Mostly Carbon
	1) For all students
	- See additional Pb values under bituminus coal  Mystery #30.
	5.1
	Lower Bakerstown CLB-1 
	(Wilson,1997, USGS Certificate of Analysis)
	54

	#66

Echinoid, modern
	Echinoid, modern

Calcite CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not  based upon Pb, nor is Pb a major impurity. (MMC-Author)
	< 0.62
	Echinoid shell material
	Milliman, 1974

Table 37
	---



	#69

Fossils, Paleozoic, Indiana
	Limestone

Calcite CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not  based upon Pb, nor is Pb a major impurity. (MMC-Author)
	< 0.1- 29.9

Median = 1.3
	Limestone

90 samples from US & Canada
	Hills & Stevenson, 2006
	---



	#73

Fossils, Miocene,Virginia
	Limestone

Calcite CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not  based upon Pb, nor is Pb a major impurity. (MMC-Author)
	< 20
	Selected Pelecypods
	Milliman, 1974

Table 32, p 110-113
	---



	#75

Black shale w/ Fern Fossils
	Shale
	1) For all students
	
	< 2

Average of 6 samples

20
	Black shales, Martinsburg & Millboro Formations,  Virginia

Chatanooga Black shale
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 

Anderson, 2008, Table 2
	13

14

	#76

Fluorite
	Fluorite

CaF2
	1) For all students
	
	Small amount

to

None
	Four samples
	Bray, 1942, 

Table 1, p 772
	---



	#77

Quartz and Calcite
	Quartz

SiO2
	1) For all students
	- Quartz crystal
	0.13 to 0.2

Mean = 0.16
	Quartz
	Wedepohl, 1974
	---



	#77

Quartz and Calcite
	Igneous Calcite

CaCO3

	1) For all students
	- Calcite is a mineral that is not based upon Pb.
	4 and 6
	Igneous calcite
	Craddock, et.al., 2007
	---



	#78

Dendrite
	Dendrite

Lyons Sandstone, Colorado
	1) For all students
	- A dendrite is an extremely thin, black deposit of an oxide of manganese that has  crystallized in a branching pattern.
	See Mystery #172
	
	
	---



	#79

Trace Fossil - Snail trail

 (in Shale) 
	Shale

Mainly siliceous
	1) For all students
	-  In this sample the trace fossil is a snail trail preserved in shale.  

- The composition of the trace fossil is the same as the rock itself.
	8.1

Median

19

Average
	17 analyses

Shale

6 analyses 

Shale
	Hills and Stevenson, 2006

Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#80

Limestone +

Marble
	Limestone

Calcite CaCO3
	
	
	< 0.1- 29.9

median = 1.3
	Limestone

90 samples from US & Canada
	Hills & Stevenson, 2006
	---



	#80

Limestone +

Marble
	Marble

Calcite (CaCO3)

	1) For all students
	
	21
	Sample 79D-1

Marble from Virginia


	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
	13

	#80

Limestone +

Marble
	Green River Shale/Carbonate Mudstone
	1) For all students
	- The Upper Cretaceous, silty marine Cody Shale approximates

 the carbonate mudstones used for this Mystery. 


	31
	Cody Shale, Sample SCo-1
	USGS Certificate of Analysis
	52

	#82

Shale with leaf fossils
	Shale

Mainly siliceous
	1) For all students
	
	8.1

Median

19

Average
	17 analyses

Shale

6 analyses 

Shale
	Hills and Stevenson, 2006

Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	---

13

	#83

Mica Schist
	Mica Schist

Mainly siliceous
	1) For all students
	- Metamorphic rock with shale as the major protolith (premetamorphism rock type)
	25 

None

Reported
	Sample SDC-1

Schist from Washington, DC

24 mica schists from

Central Colorado
	USGS Certificate of Analysis

Flanagan and Carroll, 1967(?) Table 38, p 31

Owens, 1989
	58

58

	#84 

Replica of Dinosaur Coprolite
	Gypsum

CaSO4
	1) For all students
	- Cast made of Hydrocal.
	7
	Sample contains 94% gypsum
	May, et. al., 1984

Tables 4 and 5, p 147
	---



	#84 

Replica of Dinosaur Coprolite
	Iron Oxide

FeOOH &/or Fe2O3
	1) For all students
	- Painted with iron oxide, water, and shellac
	14

< 5


	Limonite Sample 79B-3

Hematite Sample 79B-6
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#85

Slickensides
	Rock Composition:  

Vermont Marble 

Calcite  CaCO3
	1) For all students
	- Solid, cylindrical pieces of drill core that show slickensides on the ends.
	21

---

11


	Sample 79D-1

Marble from Virginia

---

Marble, Xenolith

Sample  s VS98A-47A data downloaded from GEOROC
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data ---

Del Moro, 2001


	13

---

55

	#86

Diabase
	Diabase

Igneous Rock
	1) For all students
	
	<10

9.3
	Virginia Diabase

Sample W-2
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
USGS Certificate of Standard Rock Analysis


	13

44

	#87 

Brain Coral
	Meandrina

Aragonite CaCO3
	1) For all students
	
	< 2
	Zoantharia meandrina
	Milliman,  1974

Table 26, p 92-93
	---



	#90 

Oil Sand
	Athabasca Oil Field

Cretaceous Age

Alberta, Canada 
	1) For all students
	
	1.2 to 4.7

Range
	10 samples oil sand

various locations
	Heltke, written communication, 2010
	---



	#91

Talc
	Talc

Mg3Si4O10(OH)2

	1) For all students
	
	8
	In talc zone
	Fowler, et. al., 1981, Table 2, p 175
	---



	#92

Copper Ore
	Oxidized copper ore minerals

Malacite  Cu

 HYPERLINK "http://en.wikipedia.org/wiki/Carbonate" 
CO3.Cu

 HYPERLINK "http://en.wikipedia.org/wiki/Hydroxide" 
(OH)2.

Azurite  Cu3(CO3)2(OH)2
Chrysocolla Cu,Al)2H2Si2O5(OH)4·nH2O
Cuprite Cu2O


	2) For 13 yrs and older
	- Most copper ore bodies are mined from minerals created by weathering of the primary copper ore mineral chalcopyrite. 

- Minerals in the enriched zone include chalcocite, bornite, djurleite.

- Minerals in the oxidized zones include malachite, azurite, chyrsocolla, cuprite, tenorite, native copper and brochantite.


- NMD
	580

9.1 & 13
	Oxidized copper ore

Copper Ore Powder
	Hammarstrom and Smith, 2002

Figure 2B and 

Tables 7a & 7b

NIST Analyses

GeoReM, 2009


	53

56

	#93

Weathered Rock
	Limonite, goethite, hematite, quartz
	1) For all students
	
	31

< 2 to 3


	Sample 127D-23

Saprolite from Virginia Granite

Samples R-10103, R-10104, R-10105, R-10106

Sediment developed on the Aquia fm


	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
	13

	#95

Gneiss
	Metamorphic Rock
	1) For all students
	- Metamorphic rock with sandstone as the major protolith (premetamorphism rock type)
	25 to 50
	New Hampshire gneiss
	Dethier and Schlesinger, 1973
	---



	#96

G0ld Ore
	Rock:  Altered rhyolite

 Mineral composition:  Quartz, orthoclase, plagioclase, sericite, biotite , and pyrite
	1) For all students
	- None of the minerals associated with this gold ore are based upon lead.

(RGD-Author)  
	17
	Rhyolite

Golden Sunlight Mine
	DeWitt et. al., 1996

Table 1, p 10
	---



	#97

Quartzite
	Rock

Mainly SiO2
	1) For all students
	
	< 5
	Sample  R-10245

Antietam Quartzite
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 

	13

	#99

Serpentinite
	Mainly Serpentine

(Mg, Fe)3Si2O5(OH)4

	1) For all students
	
	15

4

average of four analyses

5.0

average of 10 samples
	Sample 156B-2

Metavolcanic greenstone

Cotoctin Formation

Talc, Tremolite, Hornblend, Chlorite

Serpentinite

GEOROC search 
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 

Fowler et. al., 1981

Table II, p 175

GEOROC, 2009
	13

---

55

	#100

Talc
	Talc

Mg3Si4O10(OH)2

	1) For all students
	- Samples require whole rock examination
	8
	In talc zone
	Fowler, et. al., 1981, Table 2, p 175
	---



	#101

Hematite 

(Historic  Iron Ore)
	Hematite

Fe2O3

variously mixed with  Limonite/Goethite

FeOOH
	1) For all students
	- The hematite/limonite/goethite in these samples is a secondary cement, mainly in sandstones.

(RGD-Author)  
	15

14

< 5

< 2

23


	Sample 188A-1

Iron-cemented sandstone

Sample 79B-3

Limonite

Sample 79B-6

Hematite

Sample  177D-46

Iron Ore

Sample 99B-1

Ferricrete


	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 


	13

	#102

Lithographic Limestone
	Lithographic Limestone

Calcite

CaCO3
	1) For all students
	
	< 0.1 to 29.9

Median = 1.3  
	Limestone

 90 samples from US&Canada,
	Hills and Stevenson, 2006


	---



	#103

Dentalia
	Gastropod, Scaphopoda

Aragonite & Calcite CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of 

minerals (mainly calcite and aragonite) that are not  based 

upon Pb, nor is Pb a major impurity.

(MMC-Author)
	< 1 to 20

Range
	Gastropods

14 samples
	Milliman, 1974

Table 32, p. 110-113
	---



	#104

Bauxite
	Bauxite is a rock composed of hydrated aluminum oxides [gibbsite, Al(OH)3 and various forms of Al(OH)], iron oxides, and the clay mineral kaolinite.
	1) For all students
	
	135
	Powdered sample 

ANRT BX-N


	GeoReM, 2009
	---



	#105

Pecten, Chesapecten
	Pelecypod

Calcite  CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of 

minerals (mainly calcite and aragonite) that are not  based 

upon Pb, nor is Pb a major impurity.

(MMC-Author)
	1 to 3 

Average = 1.6
	Pelecypods

6 samples
	Milliman, 1974

Table 32, p. 110-113
	---



	#106

Biotite
	Biotite

K(Mg, Fe)3AlSi3O10(F, OH)2
	1) For all students
	- Mineral is mica.
	8.3

 Average
	Six igneous rock samples
	GeoReM, 2009
	56

	#107

Pegmatite
	Pegmatite

Igneous Rock
	1) For all students
	- Composition approximates 'granite.'
	30
	Sample G-2

Granite
	U.S. Geological Survey Archival Certificates
	44

	#108

Drag folds in green schist
	Schist with drag folds
	1) For all students
	- Schist is a metamorphic rock.

- Drag folds resemble the layers of bread dough folded over on itself prior to kneading.  In this solid rock the folds demonstrate that the layers were once soft and plastic, and were deformed under the enormous pressures of plate tectonic movements.

(RGD-Author)  
	25 to 65

Range
	27 samples of

schists and gneisses

White Mtns, New Hampshire


	Dethier  and Schlesinger, 1973
	---



	#109

Schist (with bent layers)
	Schist
	1) For all students
	- Schist is a metamorphic rock.
	25
	Sample SDC-1


	US Geological Survey Certificate of Analysis
	44

	#110

Turritella
	Gastropod

Aragonite and Calcite

CaCO3

	1) For all students
	- Shell material, both fossil and modern is composed of 

minerals (mainly calcite and aragonite) that are not  based 

upon Pb, nor is Pb a major impurity.

(MMC-Author)
	< 1 to 20
	Gastropods

14 samples
	Milliman, 1974

Table 32, p. 110-113
	---



	#111

Fossil Barnacles
	Fossil Barnacles

Calcite

CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of 

minerals (mainly calcite and aragonite) that are not  based 

upon Pb, nor is Pb a major impurity.

(MMC-Author)
	3


	Cirripedia Balanus
	Milliman, 1974

p 124
	---



	#112

Beach-in-a-Box
	Sand
	1) For all students
	- Various fossil and modern sea shells, etc., in silica or carbonate sand
	< 0.1 to 43.9

0.56 to 3.25 Eliminate
	34 analyses of sand used for the manufacture of cement

5 analyses of sand from bottom sediment, Gray's Reef Natl Marine Sanctuary
	Hills and Stevenson, 2006

Hyland, et. al., 2002
	---

---



	#112

Beach-in-a-Box
	Shell material 

Pelecypods

Aragonite CaCO3

	1) For all students
	- Various fossil and modern sea shells, etc., in silica or carbonate sand 
	<1 - 10

Range: 

14 samples
	Aragonitic 

Pelecypods
	Milliman, 1974

(Table 32 p. 110-113)
	---



	#112

Beach-in-a-Box
	Shell material

Gastropods

Aragonite & Calcite (CaCO3)
	1) For all students
	- Various fossil and modern sea shells, etc., in silica or carbonate sand
	< 1 to 20 

 Range:  

14 samples
	Gastropods
	Milliman, 1974

Table 32, p. 110-113
	---



	#113

Red encrusting foraminifera,

Homotrema rubrum
	Red encrusting foraminifera,

Homotrema rubrum

CaCO3

	1) For all students
	- Pb+2 is not likely to be absorbed by foraminifers in comparison to other metals.

(MMC-Author)

- There is no published literature on the amount of Pb in foraminifers. (MMC-Author)
	None

Likely
	
	
	---



	#114

Coral, Miocene Age
	Scleractinid meandrina
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	< 2
	meandrina
	Milliman,  1974

Table 26, p 92-93
	---



	#115

Mudstone with 

conchoidal fracture
	Mudstone with conchoidal fracture
	1) For all students
	
	< 2
	Sample 187B-10

Martinsburg fm, very fine grained, siliceous
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#116

Gastropods,

 right and left-handed
	Gastropod

Aragonite and Calcite

CaCO3

	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	< 1 to 20
	Gastropods

14 samples
	Milliman, 1974

Table 32, p. 110-113
	---



	#117

Graptolites in Edinburg fm, VA
	Graptolites in Edinburg fm, VA
	1) For all students
	- Edinburg fm is composed of shale.

(RGD-Author)

- Samples analyzed are stratigraphically close to the Edinburg fm.

(Spears, 2009, Written communication)
	< 5 to 10

Range
	7 Samples

Virginia formations, 

Ol and Oln
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#118

Shale, Poker chip
	Shale
	1) For all students
	- Drill core, from certain kinds of evenly and finely layered shale, breaks into rounded pieces that resemble 'poker chips.'

(RGD-Author)
	8.1

Median

19

Average


	17 samples of

shale

6 shale samples
	Hills and Stevenson, 2006

Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
	---

13



	#119

Cobbles from the Rappahannock River,

Virginia
	Rounded river cobbles
	1) For all students
	- These cobbles are mainly resistant siliceous compositions like quartzite and granite.  Their Pb content would therefore average an estimated 20 ppm.

(RGD-Author)
	20

Average
	Estimated from analyses of quartzites and granite
	Various
	---



	#120

Cobbles from major rivers
	Rounded river cobbles
	1) For all students
	- These cobbles are mainly resistant siliceous compositions like quartzite and granite.  Their Pb content would therefore average an estimated 20 ppm.

(RGD-Author)
	20

Average
	Estimated from analyses of quartzites and granite
	 Various
	---



	#121

Rock with Trilobite pieces
	Rock with Trilobite pieces
	1) For all students
	- The trilobites used in this Mystery are found in marine shales of carbonate composition.  The concentration of Pb in such rocks can be approximated by concentrations in several calcareous shales from Virginia.

(RGD-Author)
	7

Average
	5 samples of calcareous

shale from Virginia
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#122

Quartzite and sandstone
	Quartzite
	1) For all students
	
	< 4

Average
	Samples 188D-5, 

175A-1, R10245

Antietam Quartzite Virginia
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#122

Quartzite and sandstone
	Sandstone
	1) For all students
	
	9

Average
	10  samples of sandstones from Virginia
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#123

Fossils, ID to species + location
	Fossils identified as to species and from a 

known location
	1) For all students
	- None of these fossils are composed of minerals based on Pb, and none would be expected to concentrate Pb.(RGD-Author)


	16

Average
	Estimated from

34 fossil samples used for Mysteries
	-- (RGD-Author)  
	---



	#124

Fossil Sand Dollars
	Echinoid
	1) For all students
	
	5
	Echinoids
	Chilingar et. al., 1967

p 22
	---



	#125 

Fossil Assemblage
	Fossils from carbonate rocks

Calcite CaCO3

	1) For all students
	- This sample is a representative grouping of carbonate fossils from a specific location and geologic age. 

- None of these fossils are composed of minerals based on Pb.

(RGD-Author) 
	< 0.1- 29.9

median = 1.3
	Limestone

90 samples from US & Canada
	Hills & Stevenson, 2006
	---



	#126

Ignimbrite
	Welded volcanic tuff
	1) For all students
	
	14, 22, 34

10

4.07
	3 samples of

Volcanic tuff fromYucca Mtn, Nevada

Bulk volcanic ash,

Mt St Helens

Sample IAG OU-1

Tuff Powder
	Hill and Livingston, 1993, Table 1

Rowe, et. al., 2008

Data downloaded from GeoReM, 2009
	---

15

56

	#127

Crinoid-bearing Rock
	Crinoid (Echinoid) fossils in limestone

Calcite CaCO3

	1) For all students
	- Shell material, both fossil and modern is composed of 

minerals (mainly calcite and aragonite) that are not  based 

upon Pb, nor is Pb a major impurity.

(MMC-Author)
	< 0.62
	Echinoid shell material
	Milliman, 1974

Table 37
	---



	#128

Barite
	Barite mineral

BaSO4
	1) For all students
	
	10 to 94

Mean = 43.1
	Barite
	Weast, 1966
	---



	#129

Fossils, Pliocene,

 Norfolk, VA
	Fossils from carbonate rocks

Calcite CaCO3

	1) For all students
	- This sample is a representative grouping of carbonate fossils from a specific location and geologic age. 

- None of these fossils are composed of minerals based on Pb.

(RGD-Author)
	< 0.1- 29.9

Median = 1.3
	Limestone

90 samples from US & Canada
	Hills & Stevenson, 2006
	---



	#130

Bryozoans,Tertiary
	Bryozoans

Calcite CaCO3
  
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	< 0.1- 29.9

Median = 1.3
	90 samples, limestone from US & Canada
	Hills & Stevenson, 2006
	---



	#131

Indian 'Things'
	Chert for arrowhead rock

Microcrystalline quartz SiO2
	1) For all students
	
	2

Mean
	23 samples

of chert from ocean sediments
	Fontilea et. al., 2006
	---



	#131

Indian 'Things'
	Modern shell (Wampum)

Pelecepods

Calcite CaCO3
 
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	1 to 3

Range
	6 samples of pelecypod shell material
	Milliman, 1974

Table 32, p 110-113
	---



	#131

Indian 'Things'
	Face paint

Goethite (limonite) or Hematite
	1) For all students
	
	14

< 5
	Sample 79B-3

Limonite

Sample 79B-6

Hematite
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#134

Oyster, Ostrea sinuosa
	Oyster, Ostrea sinuosa
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	Trace to 40 
	Oyster, Ostrea
	Milliman, 1974

Table 32, p 110-113
	---



	#135

Amethyst
	Amethyst

Variety of quartz  SiO2
	1) For all students
	
	0

Not Found
	Brazilian Amethyst
	Cohen and Sumner, 1958

Table 1, p 60
	---



	#136

Smoky Quartz
	Smoky Quartz

Variety of quartz  SiO2
	1) For all students
	
	8

< 0.18
	Quartz

Yucca Mtn, Nevada

Sample BREIT BR-K1

Quartz
	Hill andLivingston, 1993

Data downloaded from GeoReM
	---

56

	#137

Citrine
	Citrine

Variety of quartz  SiO2
	1) For all students
	
	8

< 0.18
	Quartz

Yucca Mtn, Nevada

Sample BREIT BR-K1

Quartz
	Hill andLivingston, 1993

Data downloaded from GeoReM
	---

56

	#138

Crinoid pieces
	Crinoids are echinoids

Calcite CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	< 0.62
	Echinoids
	Milliman, 1974

Table 37
	---



	#139

Ammonites, Germany
	Ammonites
	1) For all students
	- The shell material of fossil ammonites is extremely thin, so most of the fossil is a cast composed of limestone.

(RGD-Author)
	1

1.3

Mean

25 

Average
	Shell material

90 samples, limestone from US & Canada 

9 averages


	Chilingar, et. al., 1967

p 42

Hills and Stevenson, 2006

Chilingar,et.al., 1967

Table III, p 51


	---

---

---



	#140

Fossil fish,Eocene
	Green River Shale/Carbonate Mudstone
	1) For all students
	- The Upper Cretaceous, silty marine Cody Shale approximates the carbonate mudstones used for this Mystery.

(RGD-Author)


	38
	Sample SCo-1

Cody Shale
	USGS Certificate of Analysis
	52

	#141

Agate
	Siliceous  Chalcedonly

SiO2.H2O

Monocrystalline quartz

SiO2
	1) For all students
	
	3.9

Mean

8.8 

Mean
	Agate

Broadway Sinter

Warm Springs Sinter
	Nolde  and Giannini, 1997
	---



	#143

Magnetite sand
	Magnetite

(Fe2+Fe3+ ) 2O4
	1) For all students
	- For minerals that do not contain K, Ba, Ca, or Na, there is not likely to be any place for Pb in the mineral structure. 
	159

Average
	47 detrital magnetite samples from beaches along the Japan Sea
	Razjigaeva and Naumova, 1992, 

Table 3, p 807
	---



	#145

Granite and Granite Gneiss
	Granite
	1) For all students
	- Mineral composition:  Feldspar, quartz, biotite, muscovite, amphibole, magnetite
	30
	Sample  G-2

Granite


	US Geological Survey

Certificates of Analysis
	44



	#145

Granite and Granite Gneiss
	Granite Gneiss
	1) For all students
	- Metamorphosed granite
	51
	Sample 156B-5

Granitoid gneiss
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#146

Scleractinian Coral ID
	Coral

Calcite CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of minerals (mainly calcite and aragonite) that are not  based upon Pb, nor is Pb a major impurity.

(MMC-Author)
	< 2
	Scleractinian coral


	Milliman, 1974

p 92-93
	---



	#147

Fossil leaves and stems
	Fossil leaves and stems

in shale
	1) For all students
	
	8.1

Median
	17 samples of shale
	Hills and Stevenson, 2006
	---



	#148

Crystals, generic
	Calcite CaCO3

Quartz  SiO2


	1) For all students
	- The samples for this Mystery are crystals of mineralogies that are not based upon Pb (for example, calcite and quartz).  The crystals are in, or on a substrate rock type composed of minerals that also are not based upon Pb (for example carbonate, or volcanic rocks).

(RGD-Author) 
	
	
	
	---



	#149

Topaz
	Topaz

Al2SiO4(F,OH) 2
	1) For all students
	
	None Found
	Topaz

Commercial

purchase
	Cohen and 

Sumner, 1958, 

Table 1, p. 60
	---



	#150

Alabaster
	Alabaster (a variety of gypsum)

CaSO4·2H2O
	1) For all students 
	- Gypsum is a mineral that is not based upon Pb.
	7
	Sample containing 94% 

Gypsum
	Kuntze, 1984,

Tables 4 and 5, p 147
	---



	#151

Garnet
	Garnet

X3Y2(SiO4)3
	1) For all students
	- Pb is not a component found in garnet  (Deer, et. al., 1962). 

- None of the garnet group minerals contain Pb as part of their atomic structure.  (Clark, 2009. Written communication to RGD-Author)
	None
	
	Clark, 2009, Written communication
	---



	#152

Lepidolite
	Lepidolite

KLi2Al(Al,Si)3O10(F,OH) 2
	1) For all students
	
	< 5 to 7

Range

23, 5-33, 8, 

5-11, 7, 4-10, 5, 4-5
	10 Samples

Global distribution

Many samples
	Wise, 1995

Table 4, p 208

Černý  et. al., 2005
	---

---



	#153

Apatite
	Apatite

Ca5(PO4)3(F,Cl,OH)


	2) For 13 yrs and older
	- Pb can readily substitute for Ca in the apatite structure and the resulting minerals: pyromorphite, mimetite, and vanadinite can contain more than 100 ppm Pb.
	< 10
	Ca-bearing Apatite
	Deer et. al., 1962, p. 326
	---



	#154

Sodalite
	Sodalite

Na4Al3(SiO4)3Cl
	1) For all students
	- Pb is not a component found in sodalite.

(Deer, et. al., 1962)
	None likely
	
	Deer et. al., 1962
	20

	#155

Beryl
	Beryl

Be3Al2(SiO3)6
	1) For all students
	
	7, 15, 30
	Beryl in veins in Granites and Pegmatites
	Staatz et. al., 1965
	---



	#156

Tourmaline
	Tourmaline

XY3Z6(T6O18)(BO3)3V3W
	1) For all students
	- Trace element analyses of several tourmalines report no Pb.

(Dietrich, 1985).

- None of the tourmaline minerals contain Pb as part of their atomic structure.

((Clark, written communication to (RGD-Author), 2009)
	None

reported
	
	Dietrich, 1985
	---



	#157

Sandstone pebble conglomerate
	Rock: Sandstone pebble conglomerate
	1) For all students
	- Quartz pebbles in asandstone matrix
	16

< 5
	Sample R-10133, 

Dutch Gap VA

Sample 156B-3

Quartz conglomerate
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 


	13

	#158

Steel slag
	Steel slag
	2) For 13 yrs and older
	- More data is required to establish the safety of slag.
	0.3 to 545

Range


	10 slag samples
	Hills & Stevenson, 2006
	---



	#159

Steel slag
	Steel slag
	2) For 13 yrs and older
	- More data is required to establish the safety of slag.
	0.3 to 545

Range


	10 slag samples
	Hills & Stevenson, 2006
	---



	#161

Chalk
	Chalk

Cocolithoporids  Calcite CaCO3
	1) For all students
	
	0.8
	Coralinaceae in modern ocean sediment
	Chilingar et. al., 1967
	---



	#163

Onyx Marble
	Carbonate travertine

Calcite CaCO3
	1) For all students
	- Formed under low temperature conditions.

(RGD-Author)  
	10
	Carbonate travertine from Yucca Mtn, Nevada
	Hill and Livingston, 1993  Table 1
	---



	#164

Fossils, ID to species + location
	Fossils identified as to species and from a 

known location
	1) For all students
	- None of these fossils are composed of minerals based on Pb, and none would be expected to concentrate Pb.

(RGD-Author)


	16

Average
	Estimated (RGD) from

34 fossil samples used for Mysteries
	 (RGD-Author)
	---



	#165

Spodumene
	Feldspar

LiAl(SiO3)2
	1) For all students 
	
	< 5 to 60
	From Pegmatites
	Wise, 1995, Table 5
	---



	#168

'Apache tears' 

(Obsidian)
	Rhyolite (siliceous lava)
	1) For all students
	
	24
	Sample RGM-1

Rhyolite, Glass Mountain, Siskiyou County CA
	US Geological Survey Certificate of Analysis
	44

	#170

Fossil trailways, 

crawling organism
	Fossil trailways in Siltstone
	1) For all students
	- The composition of the trace fossil is the same as the rock itself.

(RGD-Author)
	8
	Sample G-513

Siltstone
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
	13

	#170

Fossil trailways, 

crawling organism
	Fossil trailways in Limestone
	1) For all students
	- The composition of the trace fossil is the same as the rock itself.

(RGD-Author)
	< 0.1- 29.9

median = 1.3
	90 samples, limestone from US & Canada
	Hills & Stevenson, 2006
	---



	#171

Fossil ammonite
	Fossil ammonite
	1) For all students
	- The shell material of fossil ammonites is extremely thin, and most of the fossil is a cast composed of limestone.

(RGD-Author)
	1

1.3

Mean

25 

Average
	Shell material

90 samples, limestone from US & Canada 

9 averages


	Chilingaret. al., 1967

p 42

Hills and Stevenson, 2006

Chilingar,et.al., 1967

Table III, p 51


	---

---

---



	#172

Sandstone, Origin
	Lyons sandstone

Grains: Quartz.

SiO2
	1) For all students
	- This Mystery is written especially for the Lyons sandstone, Longmont, Colorado.

- The rock is composed of grains and cementing materials.  

- Pb concentrations are presented for both.


	0.13 to 0.2

Mean =  0.16
	
	Wedephl, 1974
	---



	#172

Sandstone, Origin
	Lyons sandstone

Grains: Plagioclase

Na0.5Ca0.5Si3AlO8
	1) For all students
	- This Mystery is written especially for the Lyons sandstone, Longmont, Colorado.

- The rock is composed of grains and cementing materials.  

- Pb concentrations are presented for both.


	31

3.8 to 12.2
	Albite

Plagioclase, from Granite
	Alfonso et. al., 2003

Table 2

Doe and Tilling, 1967
	---

---



	#172

Sandstone, Origin
	Lyons sandstone

Grains: Muscovite


	1) For all students
	- This Mystery is written especially for the Lyons sandstone, Longmont, Colorado.

- The rock is composed of grains and cementing materials.  

- Pb concentrations are presented for both.


	17
	Muscovite, from Pegmatite
	Alfonso et. al., 2003

Table 2


	---



	#172

Sandstone, Origin
	Lyons sandstone

Cement and Matrix


	1) For all students
	- This Mystery is written especially for the Lyons sandstone, Longmont, Colorado.

- The rock is composed of grains and cementing materials.  

- Pb concentrations are presented for both.


	< 5

0.6 to 1.1

25 

Average
	Hematite

8 clay samples from Virginia (2008035.1 3-4 to 2008071-1)

9 averages

from Limestone
	Alfonso et. al., 2003

Table 2

Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 

Chilingar,et.al., 1967

Table III, p 51


	---

13

---



	#172A

Lyons sandstone formation, Colorado
	See Mystery #172
	1) For all students
	See Mystery #172
	See Mystery

#172
	See Mystery #172
	See Mystery #172
	See Mystery

#172

	#174

Serpentinite, Thetford, Canada
	Serpentine

 (Mg,Fe)3Si2O5(OH)4
	1) For all students
	
	15

5.0

Average
	Sample 156B-2

Metavolcanic greenstone, Virginia

Ten samples, various locations
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 

GEOROC

Search on serpentinite
	13

55

	#175

Modern Sand Dollars
	Echinoid

Calcite CaCO3
	1) For all students
	
	5
	Echinoids
	Chilingar et. al., 1967

p 42
	---



	#176

Banded Iron Formation
	Banded Iron Formation

A rock with alternating magnetite-rich and chert/quartz-rich layers
	1) For all students
	
	12.3

Average

4
	16 samples from Archaean supracrustal belts (Iron Ore Group) 

of Jharkhand–Orissa region, India 

Sample IF-G
	Bhattacharya et. al., 2007, Table 2, p 25 Eliminate0

Centre de Recherches Pétrographiques et Géochimiques, Certificate of Analysis
	19

19

	#179

Banded Iron Formation
	Banded Iron Formation

A rock with alternating magnetite-rich and chert/quartz-rich layers
	1) For all students
	
	12.3

Average

4
	16 samples from Archaean supracrustal belts (Iron Ore Group) 

of Jharkhand–Orissa region, India 

Sample IF-G
	Bhattacharya et. al., 2007, Table 2, p 25 Eliminate0

Centre de Recherches Pétrographiques et Géochimiques, Certificate of Analysis
	19

19

	#180

Cave travertine
	Aragonite CaCO3
Calcite   CaCO3
	1) For all students
	- Formed under low temperature conditions.

(RGD-Author)
	10

None reported
	Carbonate travertine 

Yucca Mtn, Nevada 

Aragonite flowstone
	Hill and Livingston, 1993, Table 1

Hill, 1987, Table 31
	---

---



	#182

Obsidian
	Rhyolite (siliceous lava)
	1) For all students
	
	24

2

16.4
	Sample RGM-1

Rholite, Glass Mountain, Siskiyou County CA

Volcanic glass, Yucca Mtn, Nevada

Obsidian 

Sample SRM 278

Clear Lake, Newberry Crater, Oregon


	US Geological Survey Certificate of Analysis

Hill and Livingston, 1993

Table 1

National Institute of Standards and Technology

(NIST) Database

See link in Author References
	44

---



	#183

Schist and Gneiss
	Mica Schist

Mainly siliceous
	1) For all students
	- Metamorphic rock with shale as the major protolith (premetamorphism rock type)
	25 
	Sample SDC-1
	USGS Certificate of Analysis

Flanagan and Carroll, 1967(?) Table 38, p 31
	58

	#183

Schist and Gneiss
	Gneiss
	1) For all students
	- Metamorphic rock with sandstone as the major protolith (premetamorphism rock type)
	25 to 50
	New Hampshire gneiss
	Dethier and Schlesinger, 1973
	---



	#184

Loess, Alaska
	Glacially eroded, windblown silt and sand
	1) For all students
	- Mineral composition reflects rock ground by glaciers.


	16

21

29.3

16

< 20 to ~90
	Average Earth Crust

Powdered loess sample NCCRM GBW07408

Data downloaded from GeoReM

Sample of loess from France

71 samples,

World loess

Many samples


	Weast, 1966, p F-116

National Research Center for Certified Reference Materials, 2004

See link in Author References

Sterkeman, 2006

Table 4, p 399

Sterkeman, 2006

Table 4, p 399

Nemecz, 2000

Figure 5C, p 204


	---

---

---

---

---



	#185

Chesapecten jeffersonius, Pliocene, VA
	Pelecypod
	1) For all students
	
	1.4
	Pelecypods
	Chilingar et. al., 1967

p 42
	---



	#186

Fossil Assemblage

,Pliocene, Chuckatuck, VA
	Calcite and Aragonite CaCO3
	1) For all students
	
	25 

Average
	Calcite and Aragonite

Average of 9 reported averages
	Chilingar et. al., 1967

Table III, p 51
	---



	#187

Oyster fossil
	Ostrea

Calcite   CaCO3
	1) For all students
	
	2
	Ostrea
	Milliman,1974,

Table 32, p 110-111
	---



	#188

Fossil shell hash
	Calcite and Aragonite CaCO3
	1) For all students
	- Very small whole and broken pieces of fossils
	25 
	Calcite and Aragonite

Average of 9 reported averages
	Chilingar et. al., 1967

Table III, p 51
	---



	#189

Fossil Assemblage,Cincinnati Group Ordovician, OH/IN/KY
	Calcite and Aragonite CaCO3
	1) For all students
	- Rock composition is limestone.
	< 0.1- 29.9

median = 1.3
	90 samples, limestone from US & Canada
	Hills & Stevenson, 2006
	---



	#190

Union Marble, Maine
	Marble

Calcite   CaCO3
	1) For all students
	
	21
	Sample  79D-1

Marble, Virginia
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#191

Granite and Gabbro
	Granite
	1) For all students
	- Mineral composition:  Feldspar, quartz, biotite, muscovite, amphibole, magnetite
	30
	Granite

Sample  G-2
	US Geological Survey

Certificates of Analysis
	44



	#191

Granite and Gabbro
	Gabbro
	1) For all students
	- Mineral composition: pyroxene, plagioclase, amphibole, and olivine
	< 5

< 5


	Sample 191A-1

Eocene mafic intrusion

Sample 79C-3

Metapyroxinite
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13



	#192

Granite and Gabbro
	Granite
	1) For all students
	- Mineral composition:  Feldspar, quartz, biotite, muscovite, amphibole, magnetite
	30
	Granite

Sample  G-2
	US Geological Survey

Certificates of Analysis
	44



	#192

Granite and Gabbro
	Gabbro
	1) For all students
	- Mineral composition: pyroxene, plagioclase, amphibole, and olivine
	< 5

< 5


	Sample 191A-1

Eocene mafic intrusion

Sample 79C-3

Metapyroxinite
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13



	#193

Fossil Assemblage,Cincinnati Group Ordovician, OH/IN/KY
	Calcite and Aragonite CaCO3
	1) For all students
	
	< 0.1- 29.9

median = 1.3
	90 samples, limestone from US & Canada
	Hills & Stevenson, 2006
	---



	#194

Granite and Gabbro
	Granite
	1) For all students
	- Mineral composition:  Feldspar, quartz, biotite, muscovite, amphibole, magnetite
	30
	Granite

Sample  G-2
	US Geological Survey

Certificates of Analysis
	44



	#194

Granite and Gabbro
	Gabbro
	1) For all students
	- Mineral composition:  variously:  pyroxene, plagioclase, amphibole, and olivine
	< 5

< 5


	Sample 191A-1

Eocene mafic intrusion

Sample 79C-3

Metapyroxinite
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13



	#195

Graptolites in Edinburg fm, VA
	Graptolites in Edinburg fm, VA
	1) For all students
	- Edinburg fm is composed of shale.

(RGD-Author)  

- Samples analyzed are stratigraphically close to the Edinburg fm. (Spears, 2009, Written communication)
	< 5 to 10
	7 Samples

Virginia formations, 

Ol and Oln
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#197

Hematite
	Hematite

Fe2O3
	1) For all students
	- Also see Mystery #63 and Mystery #131
	<  5
	Sample 79B-6
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13

	#198

Fordham Gneiss
	Metamorphic Rock
	1) For all students
	- Metamorphic rock with sandstone as the major protolith (premetamorphism rock type)

(RGD-Author)
	25 to 50
	New Hampshire gneiss
	Dethier and Schlesinger, 1973
	9

	#199

Wavellite
	Wavellite

Al3(P

 HYPERLINK "http://en.wikipedia.org/wiki/Oxygen" 
O4)2(OH,F)3·5H2O
	1) For all students
	
	Analyzed for -- Not found
	Spectrographic analysis of spherules
	Foster and Schaller, 1966, Table 1, p 424
	---



	#200

Cliff Swallow nest
	
	1) For all students
	- These nests are composed of sediments that represent the average Pb content of the Earth's crust.

(RGD-Author)  
	16
	Average Earth Crust
	Weast, 1966
	---



	#201

Fossil Ammonite, Jurassic,  England
	Ammonites
	1) For all students
	- The shell material of fossil ammonites is extremely thin, and most of the fossil is a cast composed of limestone.

(RGD-Author)
	1

1.3

Mean

25 

Average
	Shell material

90 samples, limestone from US & Canada 

9 averages


	Chilingaret. al., 1967

p 42

Hills and Stevenson, 2006

Chilingar,et.al., 1967

Table III, p 51


	---

---

---



	#202

Granite, radiometric dating
	Granite
	1) For all students
	- Mineral composition:  Feldspar, quartz, biotite, muscovite, amphibole, magnetite
	30
	Granite

Sample  G-2
	US Geological Survey

Certificates of Analysis
	44



	#203

Geologic Sample marked with numbers
	Many compositions
	1) For all students, if of known composition
	- Many of these samples are an unknown mineral composition, hence for students < 12 years, use only those with known composition, eg limestone or quartzite, and examine the substrate closely at 10x magnification and eliminate samples that contain galena.
	16 

Estimated
	Average Earth Crust
	Weast, 1966
	---



	#204

Rock and Crystal
	Granite
	1) For all students
	- Mineral composition:  Feldspar, quartz, biotite, muscovite, amphibole, magnetite
	30
	Granite

Sample  G-2
	US Geological Survey

Certificates of Analysis
	44



	#204

Rock and Crystal
	Crystal Quartz

SiO2
	1) For all students
	
	8

< 0.18
	Quartz

Yucca Mtn, Nevada

Sample BREIT BR-K1

Quartz
	Hill and Livingston, 1993

Data downloaded from GeoReM
	---

56

	#206

Fossil sea urchin
	Echinoid

Calcite CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of 

minerals (mainly calcite and aragonite) that are not  based 

upon Pb, nor is Pb a major impurity.

(MMC-Author)
	<0.62
	Echinoid shell material
	Milliman, 1974

Table 37
	

	#207

Native copper
	Copper  Cu
	2) For 13 yrs & older
	Native copper is a mineral not based upon lead, but may contain some Pb as an impurity (RGD-Author)
	NMD
	
	
	---



	#208

Native copper
	Copper  Cu
	2) For 13 yrs & older
	Native copper is a mineral not based upon lead, but may contain some Pb as an impurity (RGD-Author)
	NMD
	
	
	---



	#214

Slate
	Rock type

Slate
	1) For all students
	
	10, 15, 30

15.5 to 32.7

Range

17.4 to 28.8

Range
	Virginia samples 

199C-4, 188C-3, 

188D-2 respectively

48 samples

8 samples
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 

Data downloaded from GeoReM

Data downloaded from GeoReM
	13

56

56

	#217

Serpentinite
	Serpentine

 (Mg,Fe)3Si2O5(OH)4
	1) For all students
	
	15

5.0

Average
	Sample 156B-2

Metavolcanic greenstone, Virginia

Ten samples, various locations
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 

GEOROC

Search on serpentinite
	13

55

	#224

Drill core
	Rock Composition:  

Vermont Marble 

Calcite  CaCO3
	1) For all students
	- Solid, cylindrical pieces of drill core about  7 inches (18 cm) long
	21

---

11


	Sample 79D-1

Marble from Virginia

---

Marble, Xenolith

Sample  s VS98A-47A 
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data ---

Data downloaded from GEOROC

Del Moro, 2001
	13

---

55

	#225 

Slate and shale
	Rock Type

Slate
	1) For all students
	
	10, 15, 30

15.5 to 32.7

Range

17.4 to 28.8

Range
	Virginia samples 

199C-4, 188C-3, 

188D-2 respectively

48 samples

8 samples
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 

Data downloaded from GeoReM
	13

56

	#225 

Slate and shale
	Rock Type

Shale
	1) For  all students
	
	8.1

Median

19

Average


	17 samples of

shale

6 shale samples
	Hills and Stevenson, 2006

Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
	---

13



	#226

Fish vertebra, Miocene, USA
	Mineral composition mostly apatite
	1) For all students
	
	6.75
	Animal bone powder
	International Atomic Energy Agency, 1974

Data downloaded from GeoReM
	56

	#242

Kyanite, massive with quartzite, Willis Mtn, Virginia
	Quartzite  SiO2
Kyanite Al2SiO5
	1) For all students
	
	11 to 25 

Range
	5 whole rock samples
	Owens and Pasek, 2007
	--

	#244

Trace fossil in limestone
	Trace fossils in Limestone
	1) For all students
	- An example of a trace fossil is a footprint, or a worm burrow preserved in a rock.  

- The composition of the trace fossil is the same as the rock itself.
	< 0.1- 29.9

median = 1.3
	90 samples, limestone from US & Canada
	Hills & Stevenson, 2006
	---



	#247

Shale with & without fossils
	Shale
	1) For all students
	
	8.1

Median

19

Average


	17 samples of

shale

6 shale samples
	Hills and Stevenson, 2006

Virginia Division of Geology and Mineral Resources,

unpublished geochemical data 
	---

13



	#250

Loess, Mantanuska Valley, Alaska
	Glacially eroded, windblown silt and sand
	1) For all students
	- Mineral composition reflects rock ground by glaciers.


	16

21

29.3

16

< 20 to ~90
	Average Earth Crust

Powdered loess sample NCCRM GBW07408

Data downloaded from GeoReM

Sample of loess from France

71 samples,

World loess

Many samples


	Weast, 1966, p F-116

National Research Center for Certified Reference Materials, 2004

See link in Author References

Sterkeman, 2006

Table 4, p 399

Sterkeman, 2006

Table 4, p 399

Nemecz, 2000

Figure 5C, p 204


	---

---

---

---

---



	#251

Kaolinite
	Kaolinite

Al2Si2O5(OH)4
	1) For all students
	
	15 to 43

Range

116
	Mixtures of clays from Iran

Sample UNS KK
	Mahjoor et. al., 2009

Data downloaded from GeoReM
	---

56

	#255

Kaolinite
	Kaolinite

Al2Si2O5(OH)4
	1) For all students
	
	15 to 43

Range

116
	Mixtures of clays from Iran

Sample UNS KK
	Mahjoor et. al., 2009

Data downloaded from GeoReM
	---

56

	#256

Kaolinite
	Kaolinite

Al2Si2O5(OH)4
	1) For all students
	
	15 to 43

Range

116
	Mixtures of clays from Iran

Sample UNS KK
	Mahjoor et. al., 2009

Data downloaded from GeoReM
	---

56

	#257

Kaolinite
	Kaolinite

Al2Si2O5(OH)4
	1) For all students
	
	15 to 43

Range

116
	Mixtures of clays from Iran

Sample UNS KK
	Mahjoor et. al., 2009

Data downloaded from GeoReM
	---

56

	#258

Kaolinite
	Kaolinite

Al2Si2O5(OH)4
	1) For all students
	
	15 to 43

Range

116
	Mixtures of clays from Iran

Sample UNS KK
	Mahjoor et. al., 2009

Data downloaded from GeoReM
	---

56

	#259

Biotite
	Biotite

K(Mg, Fe)3AlSi3O10(F, OH)2
	1) For all students
	
	8.3

 Average
	Six igneous rock samples
	GeoReM, 2009
	56

	#260

Echinoid, modern
	Echinoid, modern

Calcite CaCO3
	1) For all students
	- Shell material, both fossil and modern is composed of 

minerals (mainly calcite and aragonite) that are not  based 

upon Pb, nor is Pb a major impurity (MMC-Author).
	<0.62
	Echinoid shell material
	Milliman, 1974

Table 37
	---



	#291

Volcanic Ash,

Mt. St Helen’s, WA
	Volcanic Ash 

from 

Mt. St. Helen, WA
	1) For all students
	

-----
	9.9

Average
	Six bulk ash samples

collected 2004-2005
	Thornber, et.al., 2008
	15

	#298

Fish Vertebra, Eocene,

Morocco
	Mineral composition mostly apatite
	1) For all students
	
	6.75
	Animal bone powder
	International Atomic Energy Agency, 1974

Data downloaded from GeoReM
	56

	#300

Sand, three kinds

Gypsum, Shelly beach, Loess
	Sediment composition:  Sand

Mineral composition:  Gypsum  

CaSO4.2H2O


	1) For all students
	
	7
	Sample contains 94% gypsum
	May, et. al., 1984

Tables 4 and 5, p 147
	---



	#300

Sand, three kinds

Gypsum, Shelly beach, Loess
	Sediment composition:  Loess 

Glacially eroded silt and sand


	1) For all students
	- Mineral composition reflects rock ground by glaciers.

(RGD-Author)


	21
	Powdered loess sample NCCRM GBW07408

Data downloaded from GeoReM


	National Research Center for Certified Reference Materials, 2004

See link in Author References


	---



	#300

Sand, three kinds

Gypsum, Shelly beach, Loess
	Sediment composition:  Shelly beach

Calcite CaCO3
	1) For all students
	- Location:  Sanibel Island, Florida USA


	25 

Average
	Average of 9 reported averages
	Chilingar, et. al.,1967; Table III, p. 51
	---



	#306

Lepidolite
	Lepidolite

KLi2Al(Al,Si)3O10(F,OH) 2
	1) For all students
	
	< 5 to 7

Range

23, 5-33, 8, 

5-11, 7, 4-10, 5, 4-5
	10 Samples

Global distribution

Many samples
	Wise, 1995

Table 4, p 208

Černý  et. al., 2005
	---

---



	#308

Earthquakes and Dinosaurs

Replica of Dinosaur Track
	Gypsum

CaSO4
	1) For all students
	- Cast made of Hydrocal.
	7
	Sample contains 94% gypsum
	May, et. al., 1984

Tables 4 and 5, p 147
	---



	#308

Earthquakes and Dinosaurs

Replica of Dinosaur Track
	Iron Oxide

FeOOH &/or Fe2O3
	1) For all students
	- Painted with iron oxide, water, and shellac
	14

< 5


	Limonite Sample 79B-3

Hematite Sample 79B-6
	Virginia Division of Geology and Mineral Resources,

unpublished geochemical data
	13


TABLE 2.  ADDITIONAL REFERENCE INFORMATION

REFERENCE 1 --- KYANITE

Kyanite  Disthene (en francais) analysis link
Sample DT-N  Pb = 25 

http://helium.crpg.cnrs-nancy.fr/SARM/pages/details.php?standard=DT-N

Centre de Recherches Pétrographiques et Géochimiques
REFERENCE 3 --- DOWLING MAGNET MYSTERY #13

Certificate of Analysis of Paint on Dowling Bar Magnets

[image: image1.jpg]11/02/2009 09:57 FAX 7079351231 DOWLING-MAGNETS @002/002

Gt

%U% DOWLINGMAGNETS .

General Conformity Certificate

Date of Manufacture:
Assortment # I N/A Stock Number: 238P

Description: l PAINTED DOGGIE MAGNETS
Place of Manufacture-City and Country:

| NINGBO, CHINA

Importer.

I DOWLING MAGNETS SONOMA.CA
This certificate certifies that the above referenced product complies with the following standards and regulations applicable under
the Consumer Product Safety improvement Act and any other Acts enforced by the Consurmer Product Safety Commission:

ASTM F963-07 US CPSIA
O Physical & Mechanical X Section 101
Lead in paint/ Surface Coatings
O Flammability Section 101
Lead in Substrates
[XI Heavy Metals O Section 108
Phthalates
Others:[ EN71-PART1:2005+A6:2008 | O Section 103

Tracking Labels

Others:[ EN71-PART2:2006+A1:2007 ]

The above tests were conducted at the following third party laboratories.

Report# | TS2009050702-7-2 ] Test Date:

Tested By, | PRODUCT TESTING SERVICE, NINGBO |
Report# | TS2009050702-7-1 ] Test Date:
Tested By, | PRODUCT TESTING SERVICE, NINGBO |

Report # | ] Test Date: l:l

Tested By: [7 l

Report # 1 ] Test Date {:_,

Tested By: [ I

Jason Martin
Product Safety Manager
Phone: (630) 359-9580
jmartin@dowlingmagnets.com

DOWLING MAGNETS - PO BOX 1829 - SONOMA, CA 95476




REFERENCE 13 --- Geochemistry of Virginia Rocks
Virginia Division of Geology and Mineral Resources, 2009.

MasterGeochem.xls, GEOCHEMICAL ANALYSES OF VIRGINIA ROCKS AND MINERALS:

Virginia Department of Mines, Minerals and Energy, Division of Geology and Mineral Resources, 900 Natural Resources Drive, Suite 500,Charlottesville, VA  22903 434-951-6350
http://www.dmme.virginia.gov/divisionmineralresources.shtml 

REFERENCE 14 --- BLACK SHALE

Anderson, W. H., 2008, Foundation problems and pyrite oxidation in the Chattanooga Shale, Estill County, Kentucky.  Kentucky Geological Survey, Report of Investigations 18, Series XII, p. 25 Eliminate

REFERENCE 15 --- MT SPURR, MT REDOUBT, MT ST HELENS ASH

Nye, C. J., Harbin, M. L., Miller, T. P., Swanson, S. E., and Neal, C.A., 1995, Whole-rock major- and trace-element chemistry of 1992 ejecta from Crater Peak, Mount Spurr volcano, Alaska: in Keith, T. E. C.,(ed.), The 1992 eruptions of Crater Peak Vent, Mount Spurr volcano, Alaska, U.S. Geological Survey Bulletin B 2139, p. 119-128. 

Nye, C. J., Swanson, S. E., Avery, V. F., and Miller, T. P., 1994, Geochemistry of the 1989-1990 eruption of Redoubt Volcano: Part I. Whole-rock major- and trace-element chemistry: in Miller, T. P. and Chouet, B. A., (eds.), The 1989-1990 eruptions of Redoubt Volcano, Alaska, Journal of Volcanology and Geothermal Research, v. 62, n. 1-4,p. 429-452.

http://www.avo.alaska.edu/pdfs/B2139_p119to128.pdf

Thornber, C. R., Pallister, J. S., Rowe, M. C., McConnell, S., Herriott, T. M., Eckberg, A., Stokes, W. C., Cornelius, D. J., Conrey, R. M., Hannah, T., Taggart Jr., J. E., Adams, M., Lamothe, P. J., Budahn, J. R., and Knaack, C. M., 2008, Catalog of Mount St. Helens 2004–2007 Dome Samples with Major- and Trace-element Chemistry.  USGS Open-File Report 2008-1130, p. 12

REFERENCE 19 --- BANDED IRON FORMATION (BIF)

Iron Formation Use for Banded Iron Fm

Sample IF-G  Pb =  4 ppm Centre de Recherches Pétrographiques et Géochimiques

http://helium.crpg.cnrs-nancy.fr/SARM/pages/details.php?standard=IF-G

From a large iron-ore deposit in the 3.8 b.y. old Isua supracrustal belt, West Geenland.
REFERENCE 31 --- (Please scroll to next page.)

REFERENCE 31 --- REDMOND, UTAH REAL SALT COMPANY MYSTERY #16

Copy of Elemental Analysis 

[image: image2.jpg]50 LT e R Bt

==l

Real Salt® Elemental Analysis

KepMOND

ING

COMPANY, L.C.

Element PPM % Element PPM %
Chloride 600,700 60.070000% el 0,067 0:000007.95%
Sodium 379,000 37.900000% Lithium 0.74 0.000074%
Calcium 4,970 0.497000% Lutetium 0.071 0.000007%
Sulfur 2,600 0.260000% Manganese 3.04 0.000304%
Silicon 1,361 0.136100% Molybdenum 0.082 0.000008%
Potassium 1,030 0.103000% Nickel 0.073 0.000007%
Magnesium 915 0.091500% Niobium 0.114 0.000011%
Iron 522 0.052200% Phosphorous 89.10 0.008910%
Aluminum 139 0.013900% Praseodymium 0.11 0.000011%
Antimony 1.08 0.000108% Rubidium 3.7 0.000377%
Barium 16.2 0.001620% Ruthenium 0.065 0.000007%
Bismuth 0.092 0.000009% Samerium 1.44 0.000144%
Boron 1.07 0.000107% Scandium 0.18 0.000018%
Bromine 20.6 0.002060% Selenium 0.239 0.000024%
Cadmium 0.276 0.000028% Silver 0.297 0.000030%
Carbon 206 0.020600% Strontium 52.8 0.005280%
Cerium 0.763 0.000076% Tantalum 0.970 0.000097%
Chromium 0.161 0.000016% Tellurium 0.171 0.000017%
Cobalt 0.061 0.000006% Thallium 0.085 0.000009%
Copper 0.279 0.000028% Thorium 0.150 0.000015%
Dysprosium 0.209 0.000021% Thulium 0.070 0.000007%
Erbium 1.34 0.000134% Tin 0.125 0.000013%
Fluoride 13.8 0.001380% Titanium 20.7 0.002070%
Gadolinium 0.61 0.000061% Tungsten 0.115 0.000012%
Gallium 2.36 0.000236% Vanadium 0.183 0.000018%
Germanium 0.27 0.000027% Ytterbium 0.073 0.000007%
Gold 0.006 0.000001% Yttrium 0.042 0.000004%
Indium 0.37 0.000037% Zinc 0.931 0.000093%
Todine 12.7 0.001270% Zirconium 1.370 0.000137%
Lanthanum 0.16 0.000016% Moisture (H,0) Average Result 0.600000%

/4

¢

PPM: Parts Per Million

Source: Advanced Laboratories, Inc. 40 West Louise Ave, Salt Lake City, UT 84115. Because Real Salt®is a natural
occurring product that has not been refined, actual elemental results of any specific lot number will very slightly.

Procedure: The Redmond Real Salt sample was diluted as necessary in glass Class A volumetric flasks. The elements
Chloride, Fluoride, and Bromine were analyzed via lon Chromatography (I.C.). Cold Vapor Atomic Absorption (CVAA) was
used for analysis of Mercury. Graphite Furnace Atomic Absorption (GFAA) was the method used to determine Arsenic,
Selenium, Lead, and Antimony. Semi-quantitative analysis for all other elements were carried out using inductively Coupled
Plasma — Optical Emission Spectrometry (ICP-OES).
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REFERENCE 44 --- USGS:  Certificates of Analysis 

Geochemical Reference Materials and Certificates, 2009.
http://minerals.cr.usgs.gov/geo_chem_stand/
Archival Certificates

http://minerals.cr.usgs.gov/geo_chem_stand/archived_cert.html (Complete analyses for:  Andesite, Basalt, Dunite, Granite, Marine Sediment, Rhyolite, Devonian Ohio Shale, Syenite)

Rhyolite: Glass Mountain, RGM-1 USGS Certificate of Analysis, Glass Mountain, Siskiyou Co, Califiornia: 


(Reference:  http://minerals.cr.usgs.gov/geo_chem_stand/rhyolite.html)

REFERENCE 47 --- GARNET, KYANITE 
Sandra Clark, PhD (USGS Geologist Emeritus- Reston, VA) (Personal Communication)

REFERENCE 52 --- CODY SHALE SCo-1, GREEN RIVER MUDSTONE (EOCENE AGE)

U.S. Geological Survey Geochemical Reference Materials and Certificates, 2009.
http://minerals.cr.usgs.gov/geo_chem_stand/shale.html
REFERENCE 53 --- COPPER ORE 

Hammarstrom, J. M., and Smith, K. S., 2002, Geochemical and Mineralogic characterization of solids and their effects on waters in metal-mining environments. USGS Open-file Report OF-195B, p. 54 

http://pubs.usgs.gov/of/2002/of02-195/OF02-195B.pdf
REFERENCE 54 --- COAL
-- Lower Bakerstown CLB-1 

U.S. Geological Survey Geochemical Reference Materials and Certificates, 2009.
http://minerals.cr.usgs.gov/geo_chem_stand/coal.html
-- 26 drill core samples from West Virginia coal   

COALQUAL http://energy.er.usgs.gov/temp/125 Eliminate7434347.htm
-- Palmer, C.A., 1997, The Chemical Analysis of Argonne Premium Coal Samples: U.S. Geological Survey Bulletin 2144, 106 p.
http://pubs.usgs.gov/bul/b2144/
-- Schweinfurth, Stanley P., 2004.  Coal—A Complex Natural Resource. An overview of of factors affecting coal quality and use in the United States:  U.S. Geological Survey Circular 1143 (Figure 9; Table 4)   http://pubs.usgs.gov/circ/c1143/html/text.html

U.S. Geological Survey Coal Quality Database, 2009.
http://pubs.usgs.gov/pp/1625f/downloads/ChapterC.pdf
-- Bragg, L.J, and J.K. Oman, S.J. Tewalt, C.J. Oman, N.H. Rega, P.M. Washington, and R.B. Finkelman, 1997. Analytical data, sample locations, and descriptive information, analytical methods and sampling techniques, database perspective, and bibliographic references for selected U.S. coal samples: The COALQUAL CD-ROM. U.S. GEOLOGICAL SURVEY OPEN-FILE REPORT 97-134 (Supersedes Open-File Report 94-205)
The USGS Coal Quality database is an interactive, computerized component of the NCRDS. It contains comprehensive analyses of more than 13,000 samples of coal and associated rocks from every major coal-bearing basin and coal bed in the U.S. The data in the coal quality database represent analyses of the coal as it exists in the ground. The data commonly are presented on an as-received whole-coal basis.
REFERENCE 55

Geochemistry of Rocks of the Oceans and Continents (GEOROC), 2009
http://georoc.mpch-mainz.gwdg.de/georoc/
Marble analysis (Marble.csv) downloaded from GEOROC   

http://georoc.mpch-mainz.gwdg.de/georoc   Geochemistry of Rocks of the Oceans and Continents.  Reference 55.

REFERENCE 56

Geological and Environmental Reference Materials (GeoReM), 2009

http://georem.mpch-mainz.gwdg.de/
REFERENCE 58 --- Mica Schist, SDC-1

Geochemical Reference Materials and Certificates

http://minerals.cr.usgs.gov/geo_chem_stand/mica.html
REFERENCE 59 --- Columbia River Basalt BCR-2
http://minerals.cr.usgs.gov/geo_chem_stand/basaltbcr2.html
REFERENCE 69 --- MARBLE
Del Moro, A., et al., 2001.  MAGMA CONTAMINATION BY DIRECT WALL ROCK INTERACTION: CONSTRAINTS FROM XENOLITHS FROM THE WALLS OF A CARBONATE-HOSTED MAGMA CHAMBER (VESUVIUS 1944 ERUPTION):  Journal of Volcanology and Geothermometry Research 112 [2001] 15-24.  

Marble analysis (Marble.csv) downloaded from GEOROC   

http://georoc.mpch-mainz.gwdg.de/georoc   Geochemistry of Rocks of the Oceans and Continents.  Reference 55, 69.

REFERENCES, BY AUTHOR
Alfonso, P., Melgarejo, J.C., Yusta, I. and Velasco, F., 2003. 
GEOCHEMISTRY OF FELDSPARS AND MUSCOVITE IN GRANITIC PEGMATITE FROM THE CAP DE CREUS FIELD, CATALONIA, SPAIN: 
The Canadian Mineralogist Vol. 41, pp. 103-116 (2003).  
-- MUSCOVITE, MICROCLINE,  ALBITE
Anderson, W. H., 2008.  
Foundation Problems and Pyrite Oxidation in the Chattanooga Shale, Estill County, Kentucky:  
Kentucky Geological Survey, Report of Investigations 18 Series Xll

-- BLACK SHALE
Bhattacharya, H. N., Chakraborty, Indranil, and Ghosh, K. K. 2007. 
Geochemistry of some banded iron-formations of the archean supracrustals, Jharkhand–Orissa region, India: 
Journal of Earth System Science v 116, no 3, p 245–259, June 
-- BANDED IRON FORMATION

Black K., Kalasz, S., Fraikor, F. J., and Simmonds, E. C., 2003.  
The Colorado Petrified Wood Sourcing Project:  
Rocky Mountain Anthropological Conference, (6th biennial meeting) Estes Park, Colorado, September 20, 2003

-- PETRIFIED WOOD
Bragg, L. J, and J. K. Oman, S. J. Tewalt, C. J. Oman, N. H. Rega, P.M. Washington, and R. B. Finkelman, 1997. 
Analytical data, sample locations, and descriptive information, analytical methods and sampling techniques, 
   database perspective, and bibliographic references for selected U.S. coal samples: 
The COALQUAL CD-ROM. U.S. GEOLOGICAL SURVEY OPEN-FILE REPORT 97-134 (Supersedes Open-File Report 94-205) Reference 54
-- COAL

Brav, Josepf M., 1942.  
MINOR CHEMICAL ELEMENTS IN FLUORITES FROM JAMESTOWN, COLORADO: 

American Mineralogist, v 27, p. 769-775. Reference 29
-- FLUORITE

Centre de Recherches Pétrographiques et Géochimiques, CRPG, 15 rue Notre Dame des Pauvres 54501 Vandoeuvre lès Nancy France.  
A source of standard reference materials and analyses.

http://helium.crpg.cnrs-nancy.fr/SARM
-- ANALYSES OF STANDARD REFERENCE MATERIALS

Černý, P., Masau, M., Goad , B.E., and Ferreira, K., 2005.  
The Greer Lake leucogranite, Manitoba, and the origin of lepidolite-subtype granitic pegmatites:  
Lithos, V 80, Issues 1-4, March 2005, Pages 305-321
-- LEPIDOLITE, GRANITE, PEGMATITE
Chakrabarti, R., and Basu, A. R., 2006. 
Trace element and isotopic evidence for Archean basement in the Lonar crater impact breccia, Deccan Volcanic Province:  
Earth and Planetary Science Letters, v. 247, p. 197-211.

-- TEKTITES

Chilingar, G. V., Bissell, H.J., Fairbridge, R.W. 1967.  
CARBONATE ROCKS, PHYSICAL AND CHEMICAL ASPECTS: 
Developments in Sedimentology 9B, Elsevier, NY.

-- CARBONATE ROCKS

Ching-Bin Ke and King-Chuen Lin, 1999.  
Laser-Enhanced Ionization Detection of Pb in Seawater by Flow Injection Analysis with On-Line Preconcentration and Separation:  
Analytical Chemistry, 1999, 71 (8), pp 1561-1567.
-- SEA WATER

Clark, Sandra H. P., Geologist Emeritus, US Geological Survey. 

Written communication to RGD, 2009.
-- OCCURRENCE OF LEAD IN MINERALS

Cohen, A. J. and Sumner, G. Gardner, 1958. 
RELATIONSHIPS AMONG IMPURITY CONTENTS, COLOR CENTERS AND LATTICE CONSTANTS IN QUARTZ:  
The American Mineralogist, VOL. 43, January/February. Table 1, p. 3.  
-- QUARTZ, TOPAZ

Craddock, J. P., McGillion, M. S. and Webers, G. F., 2007. 
Major, trace element and stable isotope geochemistry of synorogenic breccia bodies, Ellsworth Mountains, Antarctica: 
U.S. Geological Survey and The National Academies; USGS OF-2007-1047, Short Research Paper 078; doi:10.3133/of2007-1047.srp078. 

-- IGNEOUS CALCITE
Deer, W. A., Howie, R. A., and Zussman, J., 1962.  
ROCK FORMING MINERALS, Vol. 5 Non-Silicates:  John Wiley & Sons, NY, 371 p.
-- NON-SILICATE MINERALS
Del Moro, A., et al., 2001.  
MAGMA CONTAMINATION BY DIRECT WALL ROCK INTERACTION: CONSTRAINTS FROM XENOLITHS FROM THE WALLS OF A 
   CARBONATE-HOSTED MAGMA CHAMBER (VESUVIUS 1944 ERUPTION):   
Journal of Volcanology and Geothermometry Research 112 [2001] 15-24.  

-- GOLD ORE
Marble analysis (Marble.csv) downloaded from GEOROC   http://georoc.mpch-mainz.gwdg.de/georoc   
Geochemistry of Rocks of the Oceans and Continents.  Reference 69.
--- MARBLE
Dethier, D.P. and Schlesinger, W. H., 1973.  
THE COPPER, LEAD, AND ZINC CONTENT OF METAMORPHIC ROCKS ON MT. 
MOOSILAUKE, NEW HAMPSHIRE:  Ohio Journal of Science, 73(1): 58, January, 1973.  
-- METAMORPHIC ROCKS
DeWitt, E., Foord, E.E., Zartman, R.E., Pearson, R.C., and Foster, F., 1996. 
Chronology of Late Cretaceous Igneous and Hydrothermal Events at the Golden Sunlight Gold-Silver Breccia Pipe, Southwestern Montana:  
U.S. GEOLOGICAL SURVEY BULLETIN 2155, 1996. 

-- GOLD ORE

Dietrich, R. V., 1985. 
The Tourmaline Group,  Van Nostrand Reinhold Company Ltd, NY
-- TOURMALINE
Doe, B. R. and Tilling, R., 1967. 
THE DISTRIBUTION OF LEAD BETWEEN COEXISTING K-FELDSPAR AND PLAGIOCLASE: 
The American Mineralogist, VOL. 52, p 805-816, MAY/JUNE, 1967.  
-- FELDSPARS

Fitch, Alanah, and Chillangarian, G. A, 2003. 
Chapter 9 - SUSPICIONS - Historical Lead POISONING, Part IV - Chemistry of Archaeological Bone, p. 442.  
-- FOSSIL BONE
Flanagan, F. J. and Carroll, G. V., 1967(?)  
DESCRIPTIONS AND ANALYSIS OF EIGHT NEW USGS ROCK STANDARDS:  MICA SCHIST, SDC-1, FROM ROCK CREEK PARK, WASHINGTON, DC: 

-- ANALYSES OF STANDARD REFERENCE MATERIALS
-- MICA SCHIST
Fontilea, K., Marsaglia, K. M., and Dean, N., 2006. 
A petrological and geochemical study of Cretacoues siliceous rocks from Shatsky Rise, 
   In Bralower, T. J., Premoli Silva, I., and Malone, M.J. (Eds.), Proc. ODP, Sci. Results, 198, p. 45
http://www-odp.tamu.edu/publications/198_SR/VOLUME/CHAPTERS/107.PDF
-- Chert from Ocean Sediments
Foster, M. D. and Schaller, W. T., 1966.  
CAUSE OF COLORS IN WAVELLITE FROM DUG HILL, ARKANSAS:  
The American Mineralogist, VOL. 5I, MARCH/APRIL, 1966
-- WAVELLITE
Fowler, M. B., Williams, H. R., and Windley, B. F., 1981. 
The metasomatic development of zoned ultramafic balls from Fiskenaesset, West Greenland:  

Mineralogical Magazine, June 1981, VOL. 44, pp. 171-7
-- ULTRAMAFICS
Gallet, S, et. al., 1998.  
Geochemical characterization of the Luochuan loess-paleosol sequence, China, and paleoclimatic implications:  
Chemical Geology 133 (1996) 67-88. See Table 2, p 75  

-- LOESS
Gbadebo, Adewole Michael, 2006.  
GEOCHEMICAL COMPOSITION OF NATURAL GRADE DIATOMITE AND ITS UTILIZATION AS ADSORPTION MEDIUM IN POLLUTION ABATEMENT:  
2006 Geological Society of America Annual Meeting, Philadelphia (22-25 October 2006). 
-- DIATOMITE
GeoReM  Geological and Environmental Reference Materials. Reference 56

http://georem.mpch-mainz.gwdg.de/  

-- (general analytical reference)
Hammarstrom, J. M. and Smith, K. S., 2002. 
Geochemical and Mineralogic characterization of solids and their effects on waters in metal-mining environments: 
Chapter B, USGS Open-file Report OF-195B, 54 pages. 
Figure 2B and Tables 7a and &b   pubs.usgs.gov/of/2002/of02-195/OF02-195B.pdf    References 53
-- COPPER ORE, SLAG
Heltke, Hans, Professional Geologist, Suncor, written communication, 2010.
-- ATHABASCA OIL SAND
Hill, Carol A., 1987.  
Geology of Carlsbad Cavern and other caves in the Guadalupe Mountains, New Mexico and Texas:  
New Mexico Bureau of Mines and Mineral Resources Bulletin 117

-- TRAVERTINE
Hill, C.A. and Livingston, D. E., 1993. 
Chemical analyses of rocks, minerals, and detritus, Yucca Mountain--Preliminary Report:   
Special Report No 11 by Technology and Resource Assessment Corporation Submitted to the Nevada Nuclear Waste Project Office, September 1993. 
-- QUARTZ, PETRIFIED WOOD, TRAVERTINE
Hills, L. M. and Stevenson, R.W., 2006.  
Mercury and Lead Content in Raw Materials:  
PCA R&D Serial No. 2888, Portland Cement Association.  Reference  5.

-- SEDIMENTARY ROCKS
Hyland, J., Cooksey, C., Balthis, L., Fulton, M., and Bearden, D., 2002.  
Benthic macroinfaunal communities and levels of chemical contaminants in sediments and biota 
   at Gray’s Reef National Marine Sanctuary and nearby shelf waters off the coast of Georgia: 
NOAA FY02 Annual Report for 2000-2002, p. 32

-- MODERN CARBONATE SANDS
     

International Atomic Energy Agency, 1974. 
Powdered bone sample IAEA-A-3/1. 
Download .csv file from GeoRem - the Reference Material Database,  http://georem.mpch-mainz.gwdg.de/ . Reference 56.

-- ANALYSES OF STANDARD REFERENCE MATERIALS
Jackson, J. A. ed, 1997. 
GLOSSARY OF GEOLOGY, 4th Edition, American Geological Institute, Alexandria, Virginia.  ISBN 0-922152-34-9

-- GEOLOGICAL TERMS
Klein, Cornelius, 2005. 
Some Precambrian banded iron-formations (BIFs) from around the world: Their age, geologic setting, mineralogy, metamorphism, geochemistry, and origins: 
The American Mineralogist  v. 90, no 10, p 1473-1499; DOI: 10.2138/am.2005.1871, October.

-- BANDED IRON FORMATION
Koeberl, C., 1994. 
Tektite origin by hypervelocity asteroidal or cometary impact:  Target rocks, source craters, and mechanisms. 
In Large Meteorite Impacts and Planetary Evolution, edited by Dressler B. O., Grieve R. A. F., and Sharpton, V. L., The Geological Society of America, p. 133-152, Boulder, CO.
-- TEKTITES
Kriech, Anthony J., Year Unknown.  
Evaluation of RAP (Reclaimed Asphalt Pavement) for use as a clean fill:  
Heritage Research Group, Indianapolis, IN, Email: tony.kriech@heritage-enviro.com  Reference 6.

-- ASPHALT

Mahjoor, A. S., Karimi, M., and Rastegarlari, A., 2009.  
Mineralogical and geochemical characteristics of clay deposits from South Abarkouh District of Clay Deposit (Central Iran) and their applications:  
Journal of Applied Sciences v 9, (4), p. 601-614
-- KAOLIN
Martin, Jason, Dowling Magnet Sales.

Sonoma, CA, Phone 630-359-9580, jmartin@dowlingmagnets.com: 
Written communication to RGD, email 2/16/2010.

-- CERAMIC MAGNET PAINT
May, Alexander and Sweeney, J. W., 1984.  
Assessment of environmental impacts associated with phosphogypsum in FloridA: 
[Tables 4 and 5, p. 147:  Pb = 7 ppm in sample that contains 94% gypsum], 
in Richard A. Kuntze, Editor, The Chemistry and technology of gypsum: a symposium: ASTM Committee C-11 on Gypsum and Related Building Materials and Systems:  
ASTM Special Technical Pub. 861.  ISBN 0-8031-0219-4.

-- GYPSUM
Milliman, J. D., 1974.  
MARINE CARBONATES, Springer-Verlag, NY. 
-- MARINE CARBONATES
Morishita, Tomoaki, Shoji Arai, and Yoshito Ishida, 2007(?).  
Trace element compositions of jadeite in a lavender-colored jade from the Itoigawa-Ohmi district:  a LA-ICPMS study [Abstract]:  
(published online by Kanazawa University, Earth Science)  http://earth.s.kanazawa-u.ac.jp/  (in English)
-- JADE

Morishita, T., Arai, S., and Ishida, Y., 2007(?), 
Trace element compositions of jadeite in a lavender-colored jade from the Itoigawa-Ohmi district: a LA-ICPMS study: [Abstract] 
http://earth.s.kanazawa-u.ac.jp/  (in Japanese)
-- JADE

National institute of Standards and Technology, Standard Reference Materials (SRM) 

Obsidian:  https://www-s.nist.gov/srmors/view_cert.cfm?srm=278
-- OBSIDIAN
National Research Center for Certified Reference Materials, 2004. 
Powdered loess sample NCCRM GBW07408.  Download .csv file from GeoRem - the Reference Material Database, http://georem.mpch-mainz.gwdg.de/

Pb = 21 ppm
-- LOESS
Nemecz, E., et. al., 2000.  
The origin of the silt size quartz grains and minerals in loess:  
Quaternary International 68-71 (2000) 199-208.  See Figure 5C, p 204.  

-- LOESS
Nolde, J. E. and Giannini, W. F., 1997.  
ANCIENT WARM SPRINGS DEPOSITS IN BATH AND ROCKINGHAM COUNTIES, VIRGINIA:  
Virginia Minerals, v. 43, no.2.  
--WARM SPRING DEPOSITS, LIMESTONE 
Nye, C. J., Harbin, M. L., Miller, T. P., Swanson, S. E., and Neal, C.A., 1995. 
Whole-rock major- and trace-element chemistry of 1992 ejecta from Crater Peak, Mount Spurr volcano, Alaska: 
in, Keith, T. E. C.,(ed.), The 1992 eruptions of Crater Peak Vent, Mount Spurr volcano, Alaska, U.S. Geological Survey Bulletin B 2139, p. 119-128. 

-- ASH, MOUNT SPURR, AK
Nye, C. J., Swanson, S. E., Avery, V. F., and Miller, T. P., 1994. 
Geochemistry of the 1989-1990 eruption of Redoubt Volcano: Part I. Whole-rock major- and trace-element chemistry: 
in, Miller, T. P. and Chouet, B. A., (eds.), The 1989-1990 eruptions of Redoubt Volcano, Alaska, Journal of Volcanology and Geothermal Research, v. 62, n. 1-4, p. 429-452.

http://www.avo.alaska.edu/pdfs/B2139_p119to128.pdf

-- ASH, REDOUBT VOLCANO
Owens, Matthew W., 1989.

A Petrologic and Geochemical Analysis of the Mica Schists of the Ptarmigin Lake Area, Central Colorado:

2nd Keck Symposium Volume - The Colorado College keckgeology.org/files/pdf/symvol/2nd/Colorado/owens.pdf
-- MICA SCHIST

Owens, Brent E., and Pasek, Matthew A., 2007. 
Kyanite Quartzites in the Piedmont Province of Virginia: Evidence for a Possible High-Sulfidation System:   
Economic Geology, May 2007, v. 102, no. 3, p. 495-509
-- KYANITE QUARTZITE
Palmer, C.A., 1997. 
The Chemical Analysis of Argonne Premium Coal Samples: 
U.S. Geological Survey Bulletin 2144, 106 p. http://pubs.usgs.gov/bul/b2144/
-- COAL

Pohwat, Paul, Mineral Collection Manager, Department of Mineral Sciences, Smithsonian National Museum of Natural History.  
pohwatp@si.edu.   
Written communication to RGD, 2/21/10

-- PREHNITE

Razjigaeva, N.G. and Naumova, V.V., 1992.  
Trace element composition of detrital magnetite from coastal sediments of northwestern Japan Sea for provenance study:  
Journal of Sedimentary Petrology, v. 62(5), p 802-809, September.  

-- MAGNETITE

Rowe, M. C., Thornber C. R., Gooding, D. J., and Pallister, J. S., 2008.  
Catalog of Mount St. Helens 2004 – 2005 Tephra Samples with Major- and Trace-Element Geochemistry:  
U.S. Geological Survey Open File Report 2008-1131.  Reference 15

-- TEPHRA, Mount St. Helens
Schweinfurth, Stanley P., 2004.  
Coal—A Complex Natural Resource. An overview of of factors affecting coal quality and use in the United States:  
U.S. Geological Survey Circular 1143 
http://pubs.usgs.gov/circ/c1143/html/text.html

(See:  Figure 9 with Pb analysis; Table 4, Pb analysis) Reference 54
-- COAL

Staatz M. H., Griffitts, W. R., and Barnett, P. R., 1965.  
Differences in the minor element composition of beryl in various environments:  
The American Mineralogist, v 50, October  
-- BERYL

Sterckeman, T., et. al., 2006.  
Trace element distributions in soils developed in loess deposits from northern France: 
European Journal of Soil Science, 57, p 392-410. See Table 4, p 399 

-- LOESS

Thornber, C. R., Pallister, J. S., Rowe, M. C., McConnell, S., Herriott, T. M., Eckberg, A., Stokes, W. C., Cornelius, D. J., Conrey, R. M., Hannah, T., Taggart Jr., J. E., 
   Adams, M., Lamothe, P. J., Budahn, J. R., and Knaack, C. M., 2008, 
Catalog of Mount St. Helens 2004–2007 Dome Samples with Major- and Trace-element Chemistry.  
USGS Open-File Report 2008-1130, p. 12

-- TEPHRA, Mount St. Helens
Trueman, C. N. and Tuross, N., 2002. 
Trace Elements in Recent and Fossil Bone Apatite:  
Reviews in Mineralogy and Geochemistry, January 2002, v. 48, no. 1, p. 489-521.  Reference 45.

-- FOSSIL BONE
U.S. Geological Survey, Archival Certificates:  http://minerals.cr.usgs.gov/geo_chem_stand/archived_cert.html 
Complete analyses for the following:  
-- Andesite, Basalt, Dunite, Granite, Marine Sediment, Rhyolite, Devonian Ohio Shale, Syenite
Virginia Division of Geology and Mineral Resources, 2009.

GEOCHEMICAL ANALYSES OF VIRGINIA ROCKS AND MINERALS:
Excel file:  MasterGeochem.xls
Virginia Department of Mines, Minerals and Energy, Division of Geology and Mineral Resources, 900 Natural Resources Drive, Suite 500,Charlottesville, VA 22903 434-951-6350
http://www.dmme.virginia.gov/divisionmineralresources.shtml 
-- GEOCHEMISTRY OF VIRGINIA ROCKS AND MINERALS

Weast, R. C., Editor, 1966. 
Handbook of Chemistry and Physics, 47th Edition:  
The Chemical Rubber Company, ISBN 13-11056.
-- AVERAGE Pb CONCENTRATION OF EARTH'S CRUST
Wedepohl, K. H., executive editor, 1974. 

Handbook of Geochemistry: 

vol. II /5 82-D, p. D-1 to D-14, Springer-Verlag Berlin, Heidelberg.

--  QUARTZ
Wiens, Roger C., Space Science and Applications, 2009. 
Mail Stop D-466, Los Alamos National Laboratory, Los Alamos, NM 87544, USA  
Written communication to RGD, Emails 11/17 to 11/18/09.
-- DOLOMITE, CHALK

Wilson, Stephen, USGS Reference Material Project, 2001. 
USGS Certificate of Analysis for chemical standard, shale:  http://minerals.cr.usgs.gov/geo_chem_stand/shale.html  
Denver, Colorado.  Reference 52
-- SHALE

Wilson, Stephen, 1997. 
CERTIFICATE OF ANALYSIS FOR CHEMICAL STANDARD, COAL, LOWER BAKERSTOWN CLB-1:
USGS Open-File Report 97-299:  http://minerals.cr.usgs.gov/geo_chem_stand/coal.html  Reference 54.

-- COAL

Wise, M. A., 1995.   
Trace element chemistry of lithium-rich micas from rare-element granitic pegmatites:  
Mineralogy and Petrology V. 55, p. 203-215 (From the Abstract)  

-- LEPIDOLITE,  MICROCLINE,  SPODUMENE
APPENDIX I

ROCK DETECTIVE MYSTERY SAMPLE LIST

NOTES

Samples included in lead (Pb) report

*** Samples not available
1 ____Kyanite
2 ____Petrified Wood Gr 1-5
3 ____Sharks Teeth
4 ____***Paleocene Fossils, VA

5 ____***Devonian Fossils, NY

6 ____***Tertiary Fossils FL

7 ____Volcanic Ash, Mt Spurr AK
8 ____Volcanic Ash Mt Redoubt AK
9 ____Brachiopod + Articulated Mollusk
10_ __Articulated Bivalve
11____Calcite, Many kinds
12____Calcite + Gypsum
13____Metal Ores + Magnetite
14____Muscovite
15____Diatomite
16____Halite
17____Breccia
18____Shells, Modern + Fossil Gr 6-9
19____Tectite
20____Geologic Samples-Sawed Faces
21____***Washings-Tertiary Ls Well-FL

22____Drill Core
23____***Rib Bone Fossil, Tertiary, Marine Mammal

24____Fossil Vertebra, Tertiary, Porpoise

25____Fossil Vertebra, Tertiary, Whale

26____Trace Fossils
27____Mud Wasp Nest
28____Asphalt Gr 2-5
29____Cobbles, Quartzite w/ Scolithus linearis
30____Coal
31____Quartz, Many kinds
32____Petrified Wood + Fossil Bone Gr 2-8
33____Slag
34____Jade, uncut
35____Amazonite, feldspar Gr3-5
36____Prehnite
37____Opal, raw
38____Fossil-bearing rock Gr 2-6
39____Shale with + Shale without fossils Gr 6-9
40____Pumice
41____Basalt Gr 3-5
42____Fossil limestone
43____Geologic samples marked with numbers
44____Granite
45____***Fossil Jaw Bone, Whale

46____Exogyra
47____Gryphaea
48____Anhydrite Gr 5-9

49____Fossil Ear Bone, Whale

50____Bryozoan, Stony, Ordovician Gr 2-5

51____Mineral Identification
52____Feldspar + Granite 3-5
53____Onyx Gr 3-5
54____Cockeysville Marble (Cambrian, MD, USA)
55____Trilobite, Whole
56____Horn Coral Gr 1-5
57____Brachiopod Gr 3-5
58____Toredo Worm, Tertiary, FL

59____***Worm Burrows in Sedimentary Rock

60____Coating of Tiny Quartz Crystals
61____Fissile Shale
62____Concrete
63____Goethite Gr 1-5
64____Talc
65____Anthracite Coal
66____Echinoderm Gr 1-4
67____***Fossils, Silurian

68____***Fossils, Pleistocene

69____Fossils, Paleozoic, Indiana
70____***Fossils, Pliocene, Sarasota FL

71____***Fossils, Pliocene, Laurel MD

72____***Fossils, Miocene, Sarasota FL

73____Fossils, Miocene, Hampton VA
74_____***Fossils, Miocene, Naples FL

75_____Fossil Leaves, Black Shale, Pennsylvanian
76_____Fluorite Gr 4-8
77_____Quartz + Calcite
78_____Dendrite
79_____Trace Fossil, Snail Trail
80_____Limestone + Marble Gr 3-6
81_____Sand, Three Kinds

82_____Shale with leaf fossils
83_____Schist with mica flakes Gr 1-5
84_____Coprolite
85_____Slickensides
86_____Diabase
87_____Brain Coral Gr 1-5
88_____***Fossil Rib Bone, Sea Cow

89_____Metasediment, Pebble Conglomerate

90_____Oil Sand
91_____Talc (for Baby Powder)

92_____Copper Ore
93_____Weathered Rock
94_____***Calcite, Botryoidal

95_____Gneiss
96_____Gold Ore Gr 3-6
97_____Quartzite Gr 2-5
98_____Stilbite Gr 2-5

99_____Serpentinite, Rockville, MD
100____Talc, with other minerals GR 3-5
101____Hematite (Historic Iron Ore)

102____Lithographic Limestone
103____Dentalia
104____Bauxite Gr 5-8
105____Pecten, Chesapecten
106____Biotite Gr 5-8
107____Pegmatite Gr 1-5
108____Drag fold Gr 1-6
109____Schist (with bent layers) Gr 4-7
110____Turritella Gr 1-4
111____Fossil Barnacles
112____Beach-in-a-Bag Gr 1-8

113____Red Encrusting Foraminifera Gr 8-12
114____Coral, Miocene Age Gr 1-4
115____Mudstone with Conchoidal Fracture
116____Gastropods, Left and Right handed Gr 1-6
117____Graptolites Gr 1-6
118____Shale, Poker Chip
119____Cobbles, Rappahannock River, VA, USA
120____Cobbles, Major River Gr 1-4
121____Rock with Trilobite Pieces

122____Quartzite + Sandstone Gr 3-6
123____Fossils, ID to species + Location Gr 5-8
124____Fossil Sand Dollars, Pliocene, FL Gr 5-8
125____Fossil Assemblage Gr 5-8
126____Tuff (Ignimbrite) Gr 5-8
127____Crinoid-bearing Rock Gr 1-6
128____Barite Gr 5-8
129____Fossils, Pliocene, Norfolk VA
130____Bryozoans, Tertiary Gr 5-8

131____Indian "Things" Gr 1-5

132____Silver Ore

133____Umber, Weathered Copper Ore

134____Oyster, Ostrea Sinuosa
135____Amethyst Gr 11-16
136____Smoky Quartz Gr 11-16
137____Citrine Gr 11-16
138____Crinoids, loose pieces Gr 1-5
139____Ammonites, Germany Gr. 7-12
140____Fossil Fish, Eocene Gr 4-10
141____Agate Gr 2-4
142____Large Mollusk Shell, Cretaceous
143____Magnetite Sand Gr 1-4
144____*** Chert or Flint with Knapping Stone

145____Granite Gneiss and Granite Gr 7-9
146____Scleractinian Coral Identification
147____Fossil Leaves and Stems Gr 1-4
148____Crystals, Generic Gr 1-4
149____Topaz, “gouttes d’eau”, Brazil 5-12
150____Alabaster
151____Garnet Gr 5-8
152____Lepidolite, Maine only 5-10
153____Apatite Gr 6-9
154____Sodalite
155____Beryl
156____Tourmaline Gr 5-8
157____Conglomerate, Pebble Gr 5-8
158____Steel slag, Grades 5-8
159____Steel slag, Grades 9-12
160____Cobbles & Coral, St. John USVI Gr 6-12

161____Chalk--England Gr 5-12
162____Loess--Fairbanks, Alaska Gr 5-12
163____Onyx Marble 5-8
164____Fossil ID'd to species and location, Gr 9-12
165____Spodumene
166____Concrete Blocks

167____Plant fossils, Green River Fm.

168____"Apache Tears" Gr 5-12
169____Fossil Turtle Bone

170____Fossil Trailways, Crawling Organism
171____Ammonite, Gr. 7-12
172____Lyons Sandstone, CO
173____Fossil Leaves, Miocene, CA, USA

174____Serpentinite, Thetford, Quebec Gr 7-12
175____Modern Sand Dollars Gr 5-8
176____Banded Iron Formation, Precambrian Age,


MI, USA Gr 9-12
177____Granite from Maine, History

178____***Fossils, Pliocene, Punta Gorda, FL, USA

179____Banded Iron Formation, Precambrian Age,

179____Banded Iron Formation, Precambrian Age,


MI, USA Gr 5-8

180____Cave Travertine, Gr 5-8
181____Shale for Brick, VA, USA

182____Obsidian Gr. 3-8
183____Schist or Gneiss? Gr 3-8
184____Loess, Alaska, USA Gr. 9-12
185____Chesapecten jeffersonius, Pliocene,Va, USA
186____Fossil Assemblage, Pliocene,Chuckatuck,


VA, USA Gr 3-12

187____Oyster, Ostrea sp. Gr 3-8
188____Shell Hash, fossil Gr 1-6
189____Fossil Assemblage, Cincinnati Group


Ordovician, OH/IN/KY, USA Gr 3-8

190____Union Marble, Maine Gr 3-6
191____Granite & Gabbro, Gr.3-6
192____Granite & Gabbro, Gr7-9
193____Fossil Assemblage, Cincinnati Group, OH/IN/KY Gr. 5-12
194____Granite & Gabbro, New Paradigm Gr. 7-12
195____Graptolites, Gr 7-9
196____Obsidian Gr. 7-12

197____Hematite Gr. 1-4

198____Fordham Gneiss, New York City, USA Gr. 3-6
199____Wavellite, radial structure Gr 3-6
200____Cliff Swallow nest Gr 4-8
201____Ammonites, Jurassic, England Gr 7-12
202____Granite, radiometric dating Gr. 5-10
203____Sample with numbers Gr. 4-8
204____Rock and Crystal Gr 1-5
205____Unakite Gr 5-10

206____Fossil sea urchin Gr 1-4
207____Native Copper Gr 5-8
208____Native Copper Gr 2-4

209____Topaz Gr 4-10

210____Blue Sapphire Gr 6-8

211____Pectolite Gr 4-8

212____Calcite, Scalenohedral Gr 9-12

213____Geode(s) Gr 6-12

214____Slate, Metamorphic Rock Gr 4-8
215____Celestite Gr 6-8

216____Vesuvianite Gr 9-12

217____Serpentinite (Grossular Garnet + Diopside) Gr 6-8
218____Chromium Grossular Garnet Gr

219____Rose Quartz Crystals Gr 6-12

220____Staurolite, Twinned Gr 9-12

221____Native Sulfur

222____Graphite

223____Graphic Granite

224____Drill Core Gr K-4
225____Slate vs Shale Gr 3-8
226____Fish Vertebrae, Miocene, USA Gr 4-8
227____Petoskey Stone, MI

228____Actinolite

229____Diopside
230____Scoria

231____Augite

232____Dolomite
233____Clay concretions

234____Flint

235____Chabazite

236____Doubly Terminated Crystals

237____Rocks from Manitoba, NWT, Gr 9-12

238____Cleavlandite

239____Barite with Siderite

240____Union Marble Gr 8-12

241____Kineo Rhyolite Devonian, Maine Gr 9-12

242____Kyanite, massive, uses for Gr 6-12
243____Fossil Turtle Shell

244____Trace Fossil in Limestone
245____Herkimer Diamonds (Quartz crystals) Herkimer, NY

246____Chert Gr 3-8

247____Shale with & w/o fossil(any type) Gr 3 -8
248____Sample stained for K-spar Gr 9-12

249____Fern Leaves, Pennsylvanian, eastern US, Gr 9-12


250____Loess, Mantanuska Valley, AK Gr 5-12
251____Kaolin, clay for porcelain Gr 5-8
252____Ilmenite Sand, Cove Point, MD Gr 9-12

253____Tactite (skarn)_Fizzes! Gr 9-12

254____Trilobite Pieces Gr 9-12
255____Kaolin, F-spar alteration and Cretaceous deposits Gr 5-12
256____Kaolin, Molecular change to porcelainGr 5-8
257____Kaolin, Molecular change to porcelain and


x-ray diffraction Gr 9-12

258____Kaolin, F-spar alteration, erosion, and distribution in ocean 
sediments Gr 9-12
259____Biotite, A mineral in thin sheets Gr 5-12
260____Modern Echinoderm Gr 1-8

261____Ordovician Basalt, Maine Gr 9-12

262____Biotite, in granite

263____Feldspar, makes glass

264____Rhyolite and Basalt

265____Fossil Alligator bones

266____Angel Wings sea shell

267____Onyx Marble, not finely banded

268____Phyllite, a metamorphic rock

269____Andesite

270____Lapilli Tuff

271____Belemnites

272____Coral, Rugose vs Tabulate

273____Exogyra and Gryphaea

274____Manganese oxide and a power cell

275____Common Opal, pearly luster

276____Apophyllite

277____Chrysocolla

278____Shattercones, caused by meteor impact

279____Siltstone, grainsize/a quiet energy sedimentary rock

280____Carbonate core comparison, Deike USGS Pub

281____Blue Quartz

282____Meta Tuff, metamorphosed volcanic ash

283____Tuscarora Quartzite, holds up mountains,


eg. Folded Appalachians

284____Massive Garnet

285____Drill core with burrows
286____Granite? w/ opalescent grains

287____Anorthosite w/ chatoyant anorthite

288____Tshirege Pumice/Ashfall

289____Serpentine

290____Rutile xtals in quartz

291____Mt St Helen’s Ash
292____Amber

293____Coquina

294____Epidote

295____Blastoid

296____Turritella, Miocene(?) Chesapeake Bay

297____Lassen Volcanic Rocks, CA

298____Fish Vertebra, Morocco (after #226) Gr 4-8
299____Sandstone w/ fossil fragments How?

300____Sand, Three kinds (after #81): Gypsum from


White Sands, NM--Shelly Beach--Loess from


Alaska
301____Cobbles, Sacramento River, California

302____Salt, Bonneville Flats, Utah

303____Olivene

304____Puddingstone

305____Mercenaria-Ft Drum FL

306____Lepidolite, NOT Maine
307____Pegmatite 9-12
308____Earthquakes and Dinosaurs  5-10
309____

310____

311____

312____

313____

314____

315____

316____

317____

318____

319____

320____
