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Project Overview Examples of Projects and Exercises

The Department of Geology and Environmental Science at James Madison University recently renovated our Mineralogy/Petrology The database includes the following information for each sample: Objective: Describe rock textures and create hy- go'zjﬁf;:t‘;‘gf"a'“ate radon risk from go":fﬁt“et:t‘g;:?""hat makes a good
classroom. Rather than put in standard lab counters, Lab Manager Ron Phillips obtained leftover countertop materials from a ¢ Hand sample image; ,Fiﬂthfffs to expl?inthow they fogme? qur_ilng cooling.  Use whole-rock geochemistry to evaluate dentify the major minerals within one or
' ' ' L ' : O these countertops are made ot similar miner- radon risk. From EPA: U and Th in counter- more countertops, and come up with a
4 . . :
nearby commercial supplier. Mo_dal abundance, mineral assemlelage, and IUGS classification (spreadsheet); als, but look very different. Students describe grain  tops pose insignificant radon risk compared o representative Mohs hardness for each
* Major and trace element geochemistry (spreadsheet); size and overall texture of their cour]:tertop. Students  |evels in soil and bedrock. "... it is extremely one. The examples in this database are
: : : : : . . : : : : : . can then hypothesize about order of crystallization  pjikely that granite countertops in homes composed mostly of feldspar and quartz,
Two desks from 10 different cor.nmermal_count.ertops were installed for a total ef 20 .desks In the classroo.m. These rocks are decid- ¢ Petrographllc images: full slide in unpolarized and _c_ross-polarlzed light; and how features like rapakivi or exolution lamellae  aould ucrens the radintion doce aboue that makﬁ]g MR gcratchm% |
edly non-local, but should be widely available in home improvement stores nationwide. We realized that instructors around the ¢ Electron microprobe analyses of feldspar compositions (spreadsheet); might form. the normal, natural background dose that
country would have access to these rocks, and that the data we obtained for the samples and the exercises we developed could be + Map of feldspar compositional analyses; comesiiromisoliandiracks.
useful to others! .

Source information from commerical cou ntertop websites. Michel-Levy method to determine plagioclase composition

Countertop geochemistry detectives: Where did this rock i a9 _
Objective: Learn the procedure and limitations of the Michel-Levy

come from?

- . - - . Objective: Learn to plot and interpret tectonic discriminat e
It cost about $31 per square foot, plus the cost of labor, to install the countertops. This is roughly comparable to the cost of installing Example: Bethel Ash diagrams using geachomical data oo PR plagioclase is present in most of the countertops. This database in-

standard black chemical-resistant lab countertops. If a classroom renovation is in the future for your department, countertop stone Original Location: NH. Second source: Brazil. N o TR Although we may have some idea of the country or region of ~ ludes elsctron microprobe analyses in ransects across pPragioclase
_ _ _ P - origin for many of these countertops (see individual data pages crystals. S’Fudents can Iearn how to perform the_optlca_l Michel-Levy
IS d relatlvely affordable optlon. for each countertop), we still don't know the exact location of method using the polrizing microscope using thin sections of the coun-
these rock units. Another way to trace the origin of the counter-  (€tops, and then compare their answers to the electron microprobe:
tops is to plot the appropriate whole-rock trace element data da_ta for_that sample. It is I|keI)_/ th_at students W|II_ encounte_r Issues with
on tectonic discrimination diagrams (Pearce et al. 1984). using this technique (trouble finding correctly oriented grains; zoning
These diagrams empirically distinguish among tectonic set- within the crystal), which can become a teachable moment about the
tings for granites. complexity of using natural samples.
Many optical mineralogy texts have descriptions of the Michel-Levy
method (e.g. Nesse 1991).

| Even if a renovation isn't in your future, countertop and building stones are readily available to use in the classroom. Small samples
or discards from building suppliers may be obtained for little or no cost.
Abstract

Analytical Methods

A petrographic and geochemical database (http://educ.jmu.edu/~johns2ea/countertops.htm)
was created for commercial countertop rocks installed as desks in the Mineralogy/Petrology

Poster Project: Jigsaw Exercise

: : : Objectives: Students review identification of min-
classroom in the Department of Geology and Environmental Science at JMU. Leftover Whol . hermical I ~ ot it £ t f N i A A A i Objective: Calculate temperature using feld-

: : - . . . 1200}
countertop materials from a local supplier were used to make twenty desks from ten com- ﬁ € roc; ?eoc emlcat tanzl_yg:/ls'. e;l)refsen ative Spdlts rom Iex rasto ™ how t? C%Trélet(: a Tetrlograpglc dtescr'ptlon Ofka prae;\;tf:)ecrtrrr]\gr:;’jxertops contain both plagio-
mercially available igneous and metamorphic countertops: Baltic Brown, Bethel Ash, Giallo each counteriop were sent 1o Inerals 1or major and trace eiemen — based on the UGS dlassification diagrams, Geo _ clase and alkali feldspars. Students can calcu-

P : 1t : analyses by ICP-AES analysis (ALS Minerals website). - Eoation di o late temperature empirically from a phase dia-
Fiorito, Golden Leaf, Green Butterfly, Rainbow Red, Santa Cecilia, Tan Brown, Tropical ghemdlcilhcla_ssmcatlon qcllagrams canrtals_cz bfe intro- orom. Sereadshests for & two-foldspar ther.
Brown, and Ubatuba. These countertops should be Widely available in home improvement ] _ : | on et 2 e i pggeré\/ie\ev.ngsaw PIOVITES al DPportiiy 17 mometer and a feldspar thermometer can be ¢ g
stores and cou ntertop sSu pplierS, and Samples are therefore accessible by other instructors Mineral assemblages' Mineral assemblages for each CountertOp WEre as- Thin section of Bethel Ash scanned using crossed polarizing films. Thin section  False-color back-scattered electron (BSE) Image of feld- Available on webite: Lab instructions (.doc), f(?und _Onll\l/ln_e (sulpplemednt(e;ry T\aterlatls fOI’IRe- o
: : : : ' 'Reillv | ' |- lass is 27mm x 46mm; epoxy contains quartz grains on edges of section. spars in Bethel Ash. Locations of electron microprobe Sample descripti ksheet template (.doc), views in Mineralogy and Geochemistry volume =
dClroSsS the Country. The COSt Of pu rChaS|ng and |nSta”|ng the CcOou ntertOpS was relat|ve|y af‘ Sessed in three WayS ResearCh StUdent Sarah O Rellly Independently Ider_]tl gBETHIEL ASH g POxY | quartz graj ? | analyses of feldspars are marked on this diagram. G?g:jﬁ)neg rStS):-;igp(_Ié)gc\),\,logozteereterir;gtae ?a(n %C")X 69, 2008). Zoning and other textural informa- :lfJ-
fordable and comparable to the cost of installing standard black chemical-resistant labora- fled_ and described minerals she found within petrographic thin sections using Electron microprobe analyses of feldspars. Spreadsheets in online database Twssa M M o 17" ppt slide) tion should be used to evaluate equiibrium. &
tory countertops. It is not necessary to permanently install large countertops to use these optical methods. These results were then compared to results from three se- IUGS: Granodiorite also include wt% oxides and calculated formulae, ———— , 12 o
materials in class activities; smaller pieces can be installed or can be used as hand mesters' worth of projects from the Introduction to Petrology course. Acces- Vireral Abundances s ste o7 16 Objective: Learn to calculate modal abundances of I
) . . . . . Spot 6 32.8 65.9 1.3 minerals.

. o c o . . inera odal Abundance ize orpholo eatures Spot 7 33.1 65.7 1.2 : : two feldspars
samples. Images of whole thin sections in both unpolarized and cross-polarized light were sory minerals end unknowns were alse dentified using EDS analyses using T Rreer s drm Sthe T — Spot e o4 12 Students point-count minerals on the countertop ;
Obtalned USIﬂQ ) photo scanner Mlneral assemblages were determlned USIﬂQ a COmbIna- the eleCtrOn mICrOprObe at the USGS IN ReStOn RGSUHS were Complled Into 2 Plagioclase 32.6 0.5-5mm Subhedral-Euhedral ExtensiveZoning, Pelysynthetie TYvins Sggﬂo 20.1 78.8 11 USIn_g deer fencing aS a point grld |
tion of optical techniques on a polarizing microscope and EDS analysis using the JEOL- modal abundance spreadsheets. s b 23 osomm  Abedmsunedal  BowminpRL e A Avallable on webstte: Insifuction guide o W% Ab

5 Chlorite 1.2 Tmm Anhedral-Subhedral Green in PPL Spot 2 20.2 77.8 2.0

8900 electron microprobe at the USGS in Reston. Representative feldspar compositions Modal abund T dal abund P | < withi . 6 Oides 08 <imm Subhecr o e ot 271 659 4

] . ] 3 uscovite race .5-1mm nhedra olorless in , High Birefringence Spot 5 33.9 64.8 1.3
for each rock were also determined using the electron microprobe. Modal abundances of r Oka a (‘j"![ ?r:.c;]esd. ) © mn(?[ a ant%*n” e:ce c?mmgjenr]mmerfa S WI; trlpneac o B 1 & oo Trace o i Cuhecia Sleochioic oo in Bois Sac  om w1 Refe rences
maijor minerals were calculated by counting 340-400 points on an evenly spaced grid OCK was determined by point-counting. A scanned image ot €ach thin SeClon o . illy scanning petrographic thin sections under crossed polarizers. . - T ALS Minerals Website: htp:/iwww. alsglobal comiminerals. aspx. | o S

was rlnted and a rld Wlth spacing corres Ond|n to 1 35 mm on the thln AL plegloclase compos:.ltlon e Spot 10 233 75.1 1.5 Arpin, TL, Mallol, C & Goldberg, P. (2002) Short Contribution: A New Method of Analyzing and Documenting Micromorphological Thin Sections Using Flatbed
across each thin section. Representative samples were sent to a commercial |ab0rat0ry for P ’ 9 P g P 9 ' electron microprobe analysis: — - - = Scanners: Applications in Geoarchaeological Studies. Geoarchaeology: An International Journal,17, 3, 305-313.
i i - i Spot 1 06 128 86.6 Choh, S-J & Milliken, KL. (2004) Virtual carbonate thin section using pdf: new method for interactive visualization and archiving. Carbonat nd Evaporites, 19, 2, 87-92.
whole-rock major and trace element geochemistry using ICP-AES analyses. Instructors section was drawn to scale on the image. A total of 340-408 points were : _ Anorthite= 18.01% Spot 2 02 3.9 5.9 DeOKeyser, TL(19€99) Digigcal sce)mningaoi??hinos;]c:?ions and poeelséJguI?nal O?Sediemeonta(r)y Research, 69, 4, 962.064. oo
_ _ .o _ counted for each thin section on a petrographlc mlCroscope using the grid_ Electron mICI'OpI'Obe analyses Of fe|dSpal'S. Feld- hos o o o EPA website on granite countertops and radiation: http://www.epa.gov/rpdweb00/tenorm/granite-countertops.html.
can use this data to create their own course activities and labs, or can use or modify ex- ) ” - - R o Nesse, WD (1991) Introduction to Optical Mineralogy, 2nd edition. Oxford University Press, New York, 335 p.
I . I t d th d t b b t Th . I d - t t t t ded |mage as a gL“de Spal‘ COmpOSItIOHS were Obta|ned US|ng the JEOL' Spot 6 0.3 11.5 88.2 Nicolayze&, ;(P, Scoates, JS & Hanson MH (2012) Use of iPad technology to enhance learning and assessment of students interpretation of rock mineralogy and texture. GSA Abstracts with Pro-
. . 1 i rams, -/.
amfi © ?XerCISre]S IS et ?n © ta .a. ase V:[/e S| eh esde ine uh © ajlglsda\/\.: ac I\él yto Creta ©a 8900 e|eCtr0n mICFOpI’Obe at the USGS N ReSton. Whole-rock geochemical analysis. I%earce, JA, Harris, NBW & Tindle, AG (1984) Trace element discrimination diagrams for the tectonic interpretation of granitic rocks. J. Petrology, 25, 4, 956-983.
pOS er 10r eacn counter Op con a|n|ng pe rOgrap IC an geOC emica dla ana in erpre d- . . _ _ _ _ : . SIO; Al;05 Fe,0; Ca0 MgO Na,0 K20 Cry03 TiO; MnO P20s SrO BaO LOI Total Philpotts, AR & Dickson, LD (2002) Millimeter-scale modal layering and the nature of the upper solidification zone in thick flood-basalt flows and other sheets of magma. Journal of Structural Geology,
] _ _ _ _ ] _ - Thln sectlon Images: |mages were Obtalned US|ng an Epson Perfectlon Ana|yseS were Obta|ned at 15 kV and 20 nA US|ng d Sample Name % % % % % % % % % % % % % % % 24, N71-177. | | | | | |
t|0nS, p0|nt-C0unt|ng on the Countertops themselves US|ng plaSt|C fenC|ng as a gnd, and . _ _ | 5 . t d f d b C t t Bethel Ash 70.5 14.45 2.95 2,57 0.53 3.84 2.99 <0.01 0.27 0.07 0.08 0.07 0.12 0.8 99.2 Tarquini, S & Favalli, M. (2010) A microscope information system (MIS) for petrographic analysis. Computers & Geosciences, 36, 665-674.
- " - - - - V300 Photo scanner. Thin sections were sandwiched between two 2" polar- micrometer detocused beam. Lounling times .

comparing feldspar compositions obtained optically using the Michel-Levy method to those | | | _ _ were 20-60 sec on peak 4 B C G & G cu D &  Eu G G H  Ho la i Mo No Nd N Pb P R Sm  Ssn s Ta T Th T Tm U v W v vo oz
Obtained W|th the eleCtron microprobe_ 1ZEeT fllm Squares tO Obtam CFOSS-pOlarlzed Images (See References). . Io<IO1 5545 2F6).6 2?4 Tio ;Poz pfs IE1)?092 plr.)l 8237 IE1)|;3)..=3 2029 T.)s 327 ?5).7 g?ﬂ pfz 2?7 IEz)ltz).7 pfs p;o sPos I;3)'[7).4 229 pi F;Zo %?7 821 1p1F?15 Eg.s gie F2)P81 p§4 pg rl)g.7 Ffm pg9 259

Tropical Brown Ubatuba

Baltic Brown Bethel Ash Giallo Fiorito Golden Leaf Green Butterfly Ralnbow Red Santa CeC|I|a Tan Brown
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