Post-crystallization
History

Quartz crystals (field diamonds) in Tennessee

° . .
"Field diamond" or “Herkimer” type quartz crystals are found in many places throughout the world. DISCUSSIOn
In Tennessee they occur in two geologic environments and their overlying residual soils: firstly, a r ' n O

scattered locations associated with breccias in the Lower Ordovician Knox Group dolomites, and larly within the Knox Group dolomites and limestones
secondly, within zones of folding and faulting in the Lower Middle Ordovician Sevier Shales. Evi- are seen in the residual clay soils or on the surface. |

) ° & :
dence for the presence of hydrocarbons can be found in both environments. Their distribution : : '
may reflect geochemical zoning that also controls the distribution of zinc and barite deposits. e n n e S S e e e a r m e n o n v ' ro n m e n a n o n S e rva ' o n L] eraveee Q . .
Transport and mechanical weathering

Exposure by weathering of bedrock
While all crystals formed within bedrock, most, particu-

o
[=]
The grgatest variety of crystal haplts IS fognd in the Knox brec.clla environment, yvhere cryg,tals E In most places, most crystals are completely unworn which suggests that they
often display morphology suggestl.ng multiple stgges of deposition und.er chgpglng COI‘](;II’[IOI‘]S. . g come from the nearby bedrock, and have not been transported by water. In many
Breakage and regrowth observed in some specimens suggests tectonic activity. There is a consis- . m places both worn and unworn crystals occur in the same area, however warn and
:ﬁnt ILnorloholotgllc c;Ea?ge_frtoT earlfr more prismatic crytstlals t% _I?ter blpyrsmldal overgrowths in s 3 ¢ | ® eroded crystals are seldom or ever encountered in areas where untransported
€ Rnox crystals that poinis 1o a change In environmental conditions, perhaps an increase in K b i h t d f Id d i m d > g crystals are not also found, suggesting they have been abraded without having
temperature. Sevier Shale crystals tend to be simpler, usually bipyramidal in form. Crystals from n OX re CCI a OS e Ie Ia O n S 2 1 i __i@___ _@;@:@(_q_ﬂnﬁumm been moved significant distances.
both sources may also show evidence of later modification by processes of transport and erosion, - 23 a
and possibly by the action of moving groundwater. These crystals could eventually provide insight % B o . 3 I iy
. e . . _ . . (Locality 10), near - | & 0 o . .
into the conditions surrounding the Alleghanian Orogeny, as well as factors that control open- B s s s Quartz crystals occurring in and over Knox Group dolomites are the most varied 1-81 Exi _ 5 The exception is the Diamond Creek tributary
space quartz deposition — whether silica takes the form of drusy quartz, agate, or field diamond [T e s in form. When encountered in situ, they are most commonly seen in fissures and -8 _X't 8._BreCC|a 2ol z of Douglas Lake and the French Broad River
type crystals. T —— cavities related to the post-Knox unconformity paleokarst system. Here, open a_nd reslduqm in gently dip- m = A i i ernioted -l B (Locality 9), where all crystals show some
o spaces existed from that time, through the Alleghanian deformation, and into the Fé'_ng doI?tmlted I’_(”OX Groqu L e sarumanion —= - L L |CE SATURATION degree of erosion and tumbling. Here they
e : : ingsport and Longview For- i ; _ _ - - =) -20 -25 -30 -35 -40 : - :
present day. Locality numbers in table below keyed to map, left. Scepter growth, where prismatic Chai occur in stream gravels in and adjacent to the
S i i , ain-crystal growth. . . : .
iy o mations above mapped fault, Examples of the variety of N i oy e o rystal g Temperature s creek where its course is exposed in the lake
et v o) in excavated residuum and forms from this area. quartz 30 mm Magono and Lee diagram showing the temperature and moisture profile conducive to specific crystal bed. The creek’s watershed is entirely in the
B ot ts e Locality Description Mappedformation SOUI’CG/ bedrock, Jefferson COUﬂty. ’ ’ type. Note the “sweet spot” for crystal formation in the temperature range between -10°C and -20°C. Sevier Shale. The |arge crystal fragment
B — Reference (Locahty 12) Near the top of the Kingsport Formation (middle part of the Knox) in I;nagc;tno,fcs., and C.:V.kll.{e% “ndet_eoro_ltogi;al CJ?Issi(r;catian of Natllilrfa\ll SEOLV Cwstl;als”ig.é%urr'laazl1ogt5r19 shown above is from Diamond Creek.
e , , , , . , Field mapping; Greene County shows a great variety of morphologies. Most crystals are found in residuum e e e e
________________ — Bipyramidal crystal in small vug in rock with 35° dip Upper and Middle Knox . - : . :
] S 1 near Benton. TN Group Lemiszki and Kohl, but outcrops of dolomite bedrock are present. The locality has become picked-over since
ingspoJ |:1 ALY 5 AGE| GEOLOGIC west cast COMMON S b T 2007. being listed on the Internet as a geocache site. _ This diagram by Magono and Lee is modified from the work of _
%4.. Tes L \ | Fediep GROUP OR FORMATION - A o s § A few crystals in small vugs in gently dipping Low-_power photomicrograph of the Nakaya (1954), whose widely reproducgd diagram presented At Douglas Dam (Locality 5), small concentrq-
G w7 m";wT/ 7 7 . . ISR <o, candtono, codl; . ' Y ! 2 dolomites exposed in lake shore, Cloyd Creek arm of  Kingsport Formation Field mapping, 2012 Asymmetrical growth indicates | Sl to the left. The yellow experimental results from the first experiments to grow snow tions Of_ rounded and abraded Crystgls. eIy I
P, 4 LA A e 7 PonSyiEnian Bleaifitcormation ———mm d{ RN "% - ‘%-‘_-_‘- Ft. Loudon Lake. currents during later develop- | : su'rface is covered by randomly- crystals. Magono and Lee’s diagram is applied to natural snow, the residual c?lay. Thg crys_tals are S|m|I§r to local
«v?é N WLl [ A5y Lee Formation, Rockcastle SRR snaie, conl Cumborand M ‘t;‘ < S Gently dipping dolomite and limestone, with breccia Widely known locality ment, coming from the left as Or'ented quartz crystal fragments. with morphology plotted against temperature and degree of water unworn specimens, mclgdlng.cha.racterlstlc black
/s | 5t a1 —— — ﬁ:&:e;:i?iif&ﬂ?f?i@iig& - s (Locallty 5) Douglas Dam. Gently dipping dolomite and limestone, with breccia zones and breccia fill; crystals found in exposed 5 zones and breccia fill; exposed residual clays and Mascot Dolomite discussed in this the specimens are shown. Field of view 10 mm. supersaturation. It shows a “sweet spot” of conditions where !nclusmns.. An exp!anatlon might involve the
: Gres A //’, Ml sas | Mississippian | Granger Newman, and Pernington Formations, | Sl i et e o residual clays and bedrock near Douglas Dam in the Mascot Dolomite immediately below the post-Knox unconformity. This locality shows bedrock near Douglas Dam. project _ Largest 50 mm. Ak dendritic “classical” type snow crystals form. The question of in-place milling actlgn _causeq by chaqqeled
Ny R evidence of crystal regrowth after breakage, suggesting that quartz was present before or during the orogenic event, and growth continued I — Two parallel crystals in contact whether there could be analogous relations for quartz was one of groundwater flow within restricted cavities. In the
- /// 2 1/ Chickamauga | other formations of == secs ond fomielions, during and after regional deformation. 10 Gently dipping dolomite with breccia zones, above S comm /,Op der an d. with each other. 25 mm. the things that spurred this investigation. zinc mines of the Mascot-Jefferson City District,
/’ <& 9 Ordovisian Group tg;ﬁgwkamauga q  variable across the region mapped fault, excavated area near road. g i .(1965) they have found rounded and eroded fragments
G ) ~— unconformity ~ : of zinc ore in vugs, and that is the explanation
7 Mascot Dolomite 7 7 7 7 7 Mike Streeter; Web i : i
ingsport Fm. L LT T L ] estone and dolomite i i i ’ i i iven for those occurrences (Robert Fulweiler,
Knox Group | KrespertFm i e formations with cher ’ 11 Twoareasin |.re§|dlfal clays, northwest limb of Chepultepec Formation oosting / Brokaw et Specimen showing two growth stages gersonal e (
2 488 Copper Ridge Dol [ 7T T \ Mosheim anticline; breccia zones present nearby. al, (1966) separated by an episode of corrosion and . 280°C 360°C 40 P :
’: ; N ’ " . . —
i / Tt w22 Conasauga Group ::——I:¢'J—F shale and mestone . . : 12 Gently northeast-dipping dolomites, and nearby upper part of Kingsport Lemiszki, 2003, a dusting of finely fragmented quartz. | @
12, : ,/u f/f’{/ ¥ ) _ T Large crystal fragment with Prismatic reverse-scepter. residuum; breccia present. Formation mapping R— _
K Waryville LLEF= " S A Cambrian e This crystal shows long pris- Elongated prism, _ — : , Some crystals found at Muddy Creek(Locality 6)
W RN T N Rome Formation, D oo o e overgrown surfaces. The : : imatelv 45 520°C d el h h braded f b thout
oy 4, anr et Shady Dolomite | imestone and colomite facets are primarily the trian- matic quartz deposited over approximately 45 mm. ‘ | i and elsewhere show abraded faces, ut wi ou
e A | idal f ith stubby prismatic quartz, and . . . . wal L B @ the chipping on edges and points as the Dia-
55 it 542 ? Chilhowee Group T e guar ptyrafml @ acges(,ij s suggests that the parage- (Locality 11). Mosheim Anticline. Crys- = i mond Creek or the above specimens. These
7] Precambrian Precambrian rocks of the weakly metamorphosed =3 e~ B o) e ! , Ezzgtﬂ IgG ar::;s SUbOrdINate. netic sequence may be very ?LS OCﬁUf In r:dl reslltdu?I Clrat?/] SOlltOIYGI'b K?i;l( GI:OUp E— R A @ DY may have been in the regOIith for some tlmea
LEGEND Blue Ridge and Smokies g el Vein composed of impsonite, a brittle hydrocarbon bitumen as described by Jacobs, complex. 25 mm. t_e;?_u e.[i)ec O'OMIES, NO wtes Imb ot Viosheim Clear prismatic form, 40 mm long. . expo§ed to creep, solifluction, and the activities
e s | o st e — — — (1989). The whitish fragments are crystalline vein-filling dolomite. Quartz crystals anticline, breccia zones present hearoy. _ . — of animals and plants.
45 & o Coutybounday X bartedepost i litilogies and dolomite : appear bluish gray. Field of view in right-hand photo about 250 mm. E ¥ @
5 A ; ; 1/ / : ——— major faults . 7]
e / - 0 20 40 s R —— Stratigraphic units of the Valley and Ridge Province of East Ten- Parallel and “bow-tie” growth . A - d N
/ .,”’4 : : 0 20 40 Kilometers A oiystals in Knox carbonate bedrock nessee. QuartZ CryStaIS occur |n 0pen SpaCe W|th|n CO"apSe breC' forms These are the earller Compound CryStaI - Compound “] L:EE |.2 mlHFI']tEEFBZS'BT:f‘E;n;eraEHI]U;'EqUE
/. / 7 I cia bodies in dolomites of the Knox Group, and in vugs and cavi- growth forms at this location.  prismatic crystal joined in paral- g Ianl /er~ vV WV i :Eﬂﬁ"rf:fe”tsgpmmdfawts
‘ - ties within the Sevier Shale created by deformation associated v s ) ~ lel to a bipyramidal crystal. | T e 19 AreaB: r and m present,
Known locations for “Herkimer” type quartz, see tables for descriptions. Also shown are dolomite breccia-hosted with the Alleghanian Orogeny. Elon : e ) o e : N i . o Specimen 48 mm long. - L
. . : . . : . gate quartz crystals with The broken surfaces show o _ e Rl W A K ;! Complex multiple bipyramidal _ : - real: randz faces present
barite and zinc deposits, and major faults with shaded relief overlay. Base map and faults from the Geologic Map . d black inclusi o5 . : Calcite-filled vugs or other growth media may Thin ol ; Specimen showing a progression from an diagram modified from lwasaki, H, and Iwasak, F 1995. AreaH: r faces only present,
_ oriented black inclusions. re-arowth of quartz such that Bipyramidal crystal : . q ry specimen. The separate : : H
of Tennessee, 1:250,000. (upper) and 20 (lower) mm g q J explain some of the features we see in these and two larger ones in breccia vugs in i | " elongate crystal through stubby prismatic Conc|us|0ns
, . PP ' o the large broken crystal, upper 38 mm. crystals. These are exposed in the same beds as : : : : sections were only weakly forms and finally to bipyramidal morphol- R . : :
;- o right, no longer “fits” together. those near Douglas Dam, a few miles northeast fine-grained Knox dolomites. Field of connected when found. e ; I . . ) S These crystals are similar in many ways to individually occurring doubly termi-
Tvoical black incl | : L t 58 ; ; - view about 150 mm across. 50 mm. ody. Ihe Specimen aiso contains a large This is a plot of morphology, referred to as a "morphodrom” modi- nated quartz crystals from localities throughout the world.
ypical black inclusion crystals. B Parallel chain morphology.  -argest oo mm. along strike. Field of view 400 mm. fluid inclusion with bubble and a separate fied from Iwasaki and lwasaki (1995). Here, quartz deposition on
syt el iroies vl Hlppes e the prismatic faces increases to the right, and the relative devel- Hydrocarbon bearing inclusions occur in these crystals in multiple instances, and
shaken. Specimen approx. 40 mm long. opment of the two sets of pyramidal (rhombohedral) faces one example is known where quartz crystals are found embedded in a matrix of
changes in the y direction. Fields are defined by the presence of solid hydrocarbons.
. . . specific faces and their relations.
SeVI e r S h a I e h OSted fl e I d d Ial I lo n d S Isotherm lines are also included. The authors do not specify how Cry§tals from the Sevier Shale typically di_splay bipyramidal or stubby pr.ismatic
Photo of fractured septarian they arrived at them, but if they are correct, then we can infer the habit. Those from the Knox Group dolomite formations are extremely diverse.
p
noduls with several equant Enlarged photo of a Quartz crystals from the Sevier Shale reflect later quartz deposition that took earlier stages where we find the longer prismatic crystals were They range from bipyramidal to elongate prismatic. Prismatic quartz is commonly
or Stt”tl’by p;'ﬁ'mat'c q”zrtz small completely bipyra- place during or after the Alleghanian Orogeny. Sevier Shale crystals tend to be generally cooler, and the later stages of quartz deposition and followed by later bipyramidal overgrowth, sometimes after a period of corrosion or
;résr ii rss?;;f acz :xpose midal quartz crystal on simpler, with less evidence for multi-stage of growth, but parallel-oriented crys- overgrowths-.-the scepter quartz and the bipyramidal crystals fracturing, and these changes may reflect the changing environments under which
' zgr:crarigu'ar Sl tals grown together are fairly common. The Sevier Shale was deposited after from the Sevier Shale, took place at higher temperatures. A they grew.
' the post-Knox unconformity, and open space is the result of later Alleghanian path” showing change in morphology over time can be defined. _ _ -
A deformation. Localities in table below keyed to map, upper left. Unfortunately, the values he places on the isotherms are not Finally, some crysta]s have been worn or abraded by various mechanisms in the
“Pakistan” “Tibet” Jurassic limestones, French Alps Devonian Huron Shale, Ohio Crystals typica"i of Locality 13. “S” supported by available data for this region. Fluid inclusion analy- more recent geologic past
’ ’ - ' . . ) Source 4 : for sphalerite in East Tenn r Edwin R r
R Locality Description Mapped formation Referenﬁe Large corh lex bi ramial crystal, 40 mm These dlstprted crys tal§ e .:—_1II ?16 §7$ ) :Eoieedltr?olmo;::lizZtioiiZ?p:rg?ti(aei Z?II bgl\g\llv 18009223 F rth h
Similar crystals are found throughout the world 2 T ° g > oo ~ oriented with the "c” axis vertical. most below 150 °C. Further, conodont alteration indices of 3 to 4 = 1 fESElile
Double terminated crystals are found world wide in a variety of geologic environments including cracks in septarian nodules from the 3 Crystal found in spoil, construction site. Sevier Shale cilr:gqmuarfie;tliooer:s.zoos ) ) (Harris and Milici, 1977) (300 °C maximum) for these rocks do Studies using fluid inclusion could shed light on the environmental conditions
French Alps (http://www.quartzpage.de/dia_text.html), and septarian nodules along the Huron River in northern Ohio (late Devonian age Sl fractores oermerdicula 1o thim comtorted ' (Lo_ca"ty 9) Diamond Creek. _ _ not suggest anything nearly as hot as his isotherm values sug- present when these crystals grew, and what parameters influence crystal morphol-
Huron Shale) (http://www.vasichkominerals.com/Lamereaux1.html). Black carbonaceous material is commonly present as inclusions or J . T s : R 4 limestone bedsTesspthan 100 m below the Great Blockhouse (Lower Don Byerly, Web posting At Diamond Creek, crystals_ occur alluvial gravels exposed in the drawdown gest. Additionally, the bipyramidal crystals reported by Joseph ogy and ha_blt. Other forms gf open space quartz su.ch as drusy quartz, agat.e,
otherwise associated with these occurrences. Crystals from many world locations including “Tibet”, Argentina”, “Pakistan” are widely sold v | o) e e e A S ﬂ#"'&*; | o o f Sevier) Shale : area of Dougla§ Lake, restricted to thg area near thg creek. All crystals Vasichko in concretions from northern Ohio are in areas shown and qgartmng pould also be_lnclud.ed, perhaps aII_owmg one to place constraints
without context information. Most famous are the “Herkimer diamonds” from irregular vugs and cavities within undeformed Cambrian dolo- - - . Emo ydau : I.r:s - .lac E | - Su;a.cles' show some evidence of transport. This is reflected in the presence of at by Rupert and Ryder (2014) as having a conodont alteration on their conditions of formation using macroscopic specimen morphology alone.
mites in upstate New York. Many images can be found online, for example http://www.quartzpage.de/her_text.html. The “scepter” mor- . . T here g eamh oo 6 C):pstzels f:)eg:driO:S\;e;rs]lStyr:acaeesvaenr ccsnlntssiirzsb.le Sevier Shale Jack Wheat, personal eastissmeienipsicmeipoinisiancicdaesipiieiocailisiai Ol St index of only 1, (http://pubs.usgs.gov/pp/1708/f1/pdf/pp1708_f1-
phology is common to a number of these occurrences, as it is in the Tennessee Valley and Ridge. = 5m T e » — arZa " Muud B armuo ksl communication 1998 g:‘ethneumgfnrboghdéztrc;rlt?i-razp?ae:g;ng crystal shapes elongated in the direction figure8.pdf), which suggest heating only to 50-80 °C in that area.
planes of uncertain afiniy Stubby prismatic crystal typical of Exposed regolith over silty shales, siltstones, thick- - Tonya & Kristofer Kenley, ' The low temperatures in Northern Ohio are considered to be
\/)\ Locality 13, 25 mm. 7 edded B —— Sevier Shale oers. comm. 2012 ch(ajracteris:.ci‘ oIhimme_ltuIrEe ste_clj_iments from the sttandpzinthogoil
: S Veinlets and brecciated zones exposed in lakeshore _ Multi phase fluid inclusions in a crystal and gas, whi'e those in £ast 1ennessee are mature. As hydro-
OO - 8 Sevier Shale Found, 2002 : . carbons are found associated with quartz in East Tennessee, and
Photo of a stubby pris- Bhot o sl of ~ \ near Newport, TN from locality 7. In this example, the large many other occurrences of doubly terminated quartz crystals, a
Several quartz crystals matic quartz crystal with OSBRI @7 a Blifplieyy @ {\t\ N BT p— . inclusion a, contains a gas phase, an y OUDYY 9 Yy ’ References
NN Y y y
in a small cavity grow- [ —_ tal A large newly exposed large gemmy “Herkimer Robert Fulweiler possible role for petroleum within these systems has been sug-
i SRS ahc artizy ehys'as, i : Diamond” crystals, many of D e TR N e o oo (OTETIR o s 9  draining shale and siltstone bedrock. (Diamond Sevier Shale ' aqueous phase, and a waxy and strongly i i Bennett, P., and D. | Seigel, 1987. Increased solubility of quartz in water due to com-
ing on a drusy quartz and dull dolomite crystals in-situ vug in gray cracked ol |ry ore. and y L luestope it LR T R e R e T Creek) personal comm. 1990 fluorescent hydrocarbon droplet. The gested. Research by Bennett and Siegal (1987) observed evi- e - gel, & Nat 396 6842/ 688
lining in dolostone on grayish yellow dolos- dolostone, with a number EUDE EIE CNEES, _ : , 2 dence for the increased solubility of silica in water in the pres- piexing by organic compounds. INature, v. 520, p. 564-630.
matrix. tone matrix. of large dusty crystals g [T AT (Locality 13) Excavated area in silt and clay shale along Andrew Excavated area in silt and clay shale along Andrew inclusions at b and ¢ both contain a gas ence of hydrocarbons, and Chamberlain, (1988) concluded that | N
loose on the bottom Ite inclusions. . _ _ Jackson Highway. Vugs associated with shear planes L phase surrounded by weakly fluorescent o Uler der ervsiEls sonlll be e el 6f sreee coriElsEs Boyd, F. R. and J. L. England, 1960. The quartz-coesite transition. J. Geophys. Res.
Jackson Highway. Crystals occur in vugs in sheared and deformed shale bedrock. 13 present. Crystals observed loose within vugs, Upper Sevier shale " ter Lemiszki, personal hydrocarbons. Field of view approximately UELLIEY G . € res e P v 65, pp 749-756.
Crystals were observed loose within vugs, attached to vug walls, and enclosed in calcite vein attached to vug walls, and enclosed in calcite vein communication, 2003 8 (T BTG, holding significant quantities of silica in solution.
Four examples of the well-known “Herkimer'quartz crystals from vugs and cavities in the Cambrian dolomites of New York material. The geology is complex and sheared, a common occurrence in the Sevier Shale. material. ' L “Smoky” appearing bipyrami Although one of the objects of a study such as this would be to Brokaw, A. L., J. C. Dunlap, and J. Rogers, 1966. Geology and mineral deposits of
oo . | Residual material over dlay shale bedrock - - . Brken Dinreek specimen dal crystal. allow an estimation qf hydroth(?rmal conditions by looking at.crys- the Mosheim 'and Johnson anticlines, Greene County Tennessee. U. S. Geological
alcite-lined vug with quartz crystal. Doubly termi- . Lower Sevier Shale Field mapping, 2002 ; lox for Sevier Shal tal morphology, consistent estimates cannot be made from infor- Survey Bulletin 1222-A. 21 pp.
nated bipyramidal crystals were found completely : — unhustally compiex for Sevier shale mation available at this time.
loose in some vugs. This crystal was not “loose” 15 Calcite veinlets within large exposure of folded Upper part of lower ' 5150 hosted crystals, 25 mm. Chamberlain, S. C., 1988. On the origin of “Herkimer diamonds”. Rocks and Miner-
Sevier Shale, commonly with pencil cleavage. Sevier Shale ’ als, v. 63, p. 454-455.

only because it had impinged on the cavity walls.

Silica phase diagram and a-quartz crystallography Frondel, C. 1962. The system of Mineralogy of James Dwight Dana and Edward

Salisbury Dana, Yale University 1837-1892 (Seventh Edition), Volume lll, Silica Min-
erals. New York:John Wiley and Sons, Inc.

Some of the typical crys-
tals from Muddy Creek.
Many have face-parallel

Harris, L. D., and Milici, R. C. 1977. Characteristics of thin-skinned style of deforma-
tion in the southern Appalachians, and potential hydrocarbon traps. U.S. Geological

(Locality 4) Crystals near Walland

brownish veils giving Survey Professional Paper 1018, 40 p.
Temperature, °F them the appearance of Here, quartz crystals occur in contorted and sheared Sevier Shale. These crys-
2,000 3,000 smoky quartz. Crystals tals are an exception to the typically bipyramidal crystals found in the Sevier W Jacobs, H, 1989. Classification, structure, genesis, and practical importance of natu-
Y TN trildyn;ite ¢ 101015 mm in Size. Shale. They occur in extension cracks (boudinage) in folded and sheared inter- . o ral solid oil bitumen (“migrabitumen”). International Journal of Coal Geology, v 11, p.
T~ - bedded shale and siltstone of a road embankment a few tens of meters below 65-79.
RN A B I the Great Smoky Fault. The crystals are small, but some are very unusual.
<tobali ‘ Iwasaki, H., and F. lwasaki, 1995. Morphological variations of quartz crystals as
o cristobalite A
3 . . deduced fi t ts. | of tal th, v. 151, p 348-358.
% 5 - - 20 _ (Locality 6) Muddy Creek arm, These late-stage overgrowths display the ‘pi educed from computer experiments. Journal of Crystal Growth, v. 151, p 348-358
C . . . ‘ -
% \\ E Douglas Lake. Many fresh crystals of Izl(gi(’:g II(i;nee)gecviS’[lr?r; Cer]?;g WJ?;tlsgltyslgT: one ,? nd .on‘][.ega ftahcets — obtuse I:‘hombqhedral!t Magono, C., and C. W. Lee, 1966. Meteorological classification of natural snow
= - - - - 4301 , _ : : : :
z \‘ \ x local origin plus a few slightly water-womn p q ry :rmggs I20rr]'rslm :C;r:sgenera y rare in quartz crystals. \.Journal of the Faculty of Science, Hokkaido University, Ser. VII
310 F \ beta (high) ‘\ 40 crystals occur on the surface. Almost all are Low-power photomicrograph j R : (Geophysics), Il, No 4, p.321-35.
s\ quatz ] bipyramids. There are few hexagonal with ultraviolet illumination. Blue B . versi
lpha (| L A\
aF:quzftZW) ‘\ ‘ Quart tal showi prisms, and none of the “scepter” forms or yellow fluorescence indicates Phantoms defined by the dark inclu- _ 22?3%;& ,:A%ii i:’: ?,V\g%y ; (L, WL G e, bl ey ess
D - C ottt ‘\' 150 t :iacaT rzg/fpﬁofo OW:r?d where bipyramidal quartz is deposited over the presence of hydrocarbons. sions indicate the crystals were origi- i ’ ' '
15 ! ! I Y ! ! ! 1 S{ereo olot. “S” a?])g e earlier prismatic quartz. Distorted crystals nally Separatg, and grew together Oder, C. R. L, and R. C. Milici, 1965. Geologic map and mineral resource summary
g 1,600 2,000 faces allow one to deter- are common.. later. Approximately 6 mm long. NC|)W of the Morristown quadrangle, Tennessee. Tennessee Division of Geology Geologic
Temperature, "C _ Map Series GM 163-NE and MRS 163-NE. Scale 1:24,000.
mine the handedness of
the Cr_ystal. S faces.were Stereogram._ More commonly developed faces Clay inclusion crystal. The clay- Folds in bedded shale and siltstone. This Roedder, Edwin 1971. Fluid inclusion evidence on the environment of formation of
_ N B seen in a few specimens are shown with larger font. Also shown are the filled inclusions are deep embay- locality is often visited by geology field trips i Time line, with crystal morphologies, showing possible paragen- mineral deposits in the southern Appalachian Valley. Economic Geology, 66, 777-791.
Phase diagram for anhydrous silica modified from from one locality, and x uncommon ‘T and ‘w faces seen on some crys- ments defined by partially over- for its good examples of folding. A esis. The truth is probably more complex, as the crystals at Doug-
Bqu and England, (1960): with typ!cal geqthermal faces have not yet been tals from the Walland occurrence, here plotted grown septa. Their margins are 1 las dam show evidence of a stage of “reverse scepter” or long Ruppert, L.F., and Ryder, R.T., eds., 2014, Coal and petroleum resources in the
gradient ranges, pressure is shown increasing in observed in these crys- from angle data tabulated by Frondel (1962). growth surfaces, not broken sur- 3 5 A\ L ) prismatic over stubby prismatic, growth. Also, crystal formation is Appalachian basin; Distribution, geologic framework, and geochemical character:
the downward direction. High Pressure phases tals faces. Crystal is approximately Block of siltstone with extension cracks PR i - PO Ny likely concentrated nearer the period just before, during, and after U.S. Geological Survey Professional Paper 1708—A.1 through |.1 [42 chapters are
coesite and stishovite are not shown 25 mMm across. (boudinage) resulting from the ductility con- Another crystal with ‘pi and ‘omega termina- the Alleghanian Orogeny than shown. separately paged], http://dx.doi.org/10.3133/pp1708.

trast between the ductile clay-rich layers and Quartz crysf[als in a calcite-lined vug formed in an extension crack. Vug tion faces, approx. 4 mm across.
the more rigid silty layers. was approximately 80 mm long



