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Evaporitic rocks exposed in the workings of the Canadian 
Salt Company Mine at Pugwash, Nova Scotia consist of massive, 
nodular and stylolitic anhydrite and clear white, reddish brown 
to black halite with minor occurences of carnallite and sylvite. 
The anhydrite and halite occur both as thick beds and as thinly 
bedded intervals transitional to each other. The beds exposed in 
the mine are intensely deformed and are generally steeply dipping 
Ci.e. 60-70 degrees). 

The division of anhydrite into well defined units has been 
the subject of some debate. Based on macroscopic observations 
anhydrite has been divided by different authors into two, three 
and even ten distinct units. At the present time the most likely 
division of the anhydrites appears to be a threefold one. 

Representative core samples have been collected from four 
diamond drill holes from the 192m C630 ft.) and 250m C830 ft.) 
levels of the mine. The drill holes were carefully chosen in an 
attempt to represent type sections through three macroscopically 
different anhydrite bodies. This study proves the validity of the 
current division of anhydrite into three units using techniques 
such as petrographic microscopy and geochemistry. Based on 
mineralogies and textures observed in thin sections and on 
differences in chemical composition, three anhydrite units are 
recognized. Each of the three anhydrite units has been subjected 
to a complex sequence of diagenetic processes. Mineral 
replacements such as calcite psueudomorphs after anhydrite and 
diagenetic products such as borate nodules and elemental sulfur 
make the present appearance of the three units very different. 
The shaft anhydrite was probably deposited in shallow water and 
may have been subjected to periodic subaerial exposure. The 
borate anhydrite was probably deposited under more saline 
conditions than the shaft anhydrite. 
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1.1 Purpose of Study 

This thesis provides a detailed description ~- anh 

-~ this work will be 

[) !' L .. r. 

Scotia Department Mines and Energy 

Kesources Division. 

has three major 

anhydrite thin sections 

2) it tD 

microscopically distinguish these three anhydrite units; 

~o investigate the geochemistry ot 74 anhydrite samples from the 

D'O::.i t: .. This thesis should maKe three 

-!:::.he F•.J.g~rJa·:=.h 

evaporite deposit; 2} form a basis for the future study of 

provide information useful 

the {uture development and planning ot 

Location and Access 

+r· .. -. 
:._! : 1:.:: 

The evapor1~e deposit at Pugwash 1s located 1n northeastern 

to the south and west of the town Df Pugwash 

rDads leading into 

a~~roximately ~u km east o~ Oxford and ~oute <~~ ~~~ Wentworth. 
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Scotia Department 

~~ 11 ected the samples during the 10R~ ~ield season. 

sections were cut and 74 samples were chemicall 

analysed. Thin sections were described and classified according 

Geochemical data we~e 

I.iv General Geolooy of the Windsor Group 

The Windsor Group in Scotia consists o+ interbedded 

nonmarine sediments deposited in a complex subsiding 

The only demonstrable marine incursion into this 

ouring the Visean with the deposition ot mar1ne 

carbonates, evaporites, 

1967; McCutcheon, 

nas been referred to as the Fundy Basin, Fundy Epieugeosyncline 

~undy Aulocogene 

Basin (Keppie 1982a,b) and Maritimes Basin <Roliff, j962; Knight 

generallY consists of 
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Strata o+ ~ne F1c~ 

s1n~hole topography 

I,, vi. 

Pugwash suggested 

that the area was 
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1953 when d~illing for a water we] infersected salt at 45 m (150 
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a decline to the ~05 m ZlOUU ft.) level 

Thi~ mining method was selected base 

hole data which 

hor17ontally stratified deposit. Underground development revealed 

to be very complex, C)·f 

-.,-.i···. 
·=::t.ll?: rite units interbedded with 

the mining method was modified to avoid areas 

rite waste rock. The modified room-and- pillar method 
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distribution of the 

I. v11. Previous Work 

adequate e~posure, 

sequence was subjected to a number uT studies. Aumento (1964) 

made a detailed mineralogiocal study ot carnallitite occurrences 
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1965, 1967, 1972, 1 974) 
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wash deposit represents a true piercement diapir and 



.L ..... 

II.i Introduction 

: ·'··•i .. • < .••. <T -!::.hF:?.' 

ci t-:~ -~- ···. ~1. J. F?. cJ 

workings and examination o+ Extreme deformation has 

relationships, sedimentary structures~ and internal markers allow 

reconstruction cf strat1graphy. 

sequence exposeo in the Pugwash Mine consists 
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~ ..... correlate individual 

ant drill core indicate three 
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1 ·:::. C)·~- intermediate age. -· t:. i in (7.7 
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'-./ (·:·:-:1 _;_ .: suggested two anhydrite 

positions provide the basis ~~~ the threefold division of Carter 
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Figure 2-1. Idsalizsd stratigraphy of ther Pugwash evaporite 
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massiv~ to nodular anh 

ri~o (Carter 1986) 

consists of massive to nodular anhydrite with small quantities of 

elemental sulphur; 

II.i. Shaft Anhydrite Unit 

The shaft anhydrite is 

laminated to nodular anhydrite with internal markers (see Fig. ~-

levels shows that 

.L. ·-L c_: 

and anticlinal closures of halite by anhydrite beds. 

include tour separate lithological 

carbonate markers 

beds have previously been 

solution indicates that 

calcite forms more +~an ot carbonate in these beds. Lach 

marker has distinct characteristics~ 

approximately 0.5m i:. ~--·~ i c: ~-:: 
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Borate Anhydrite Unit 

The borate anhydrite, ~ne middle unit lS ovate and irregular 

of massive to nodular anhydrite. 

The ~i~tinguishing feature o+ this nit 1s the occurrence uT 

Occurrences of danburite nodules 

are scattered in ~he borate anh r1te on all levels of the m1ne. 
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-··· ... :.?E: 



\-igure 2-3. 

• til 

D 

Massive to vaguely nodular 
anhydrite 

Porcelain white, granular 
borate(?) danburite nodules; 
note occurrence within and 
adjacent to halite as well as 
within massive anhydrite 

Vein or vug filling; clear to 
light grey(?) secondary halite 

17 . 

0 5 10 

em 

IJat..a. i led sk:atcn 
exposed on the 
unknown. Note 

of ths 
250 m 

absence 

borata anh~drits un1t 
level. Stratigraphic top 
of lineation and varie~ 

o c L-: lJ r r en c e of bora t e r1 o d lJ l e s ( Car- t e r- , 1 9 B 5 -i • 



.! :. 

1; :·;:.i ;: .. : 

J'...: 
: :t ••• .:::::-:. 

.... . L 

Til .. l. 
.; •• 1 

'· i . 

. ·~ j·· ·;_·.-. j· ·: :~:-:-! ve1ns filled with 

Danburite nodules displace carbonate 

late-stage or1g1n. The danburite noJules 

modified by secon_0r· 

dJagenet1c processes. 

Halite occurrences 1n the borate anhydrite 

consists of m1nor small crystals. 

rn t::: d :i. u. rn ern) 
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IIIz 11= Petrooraohv of the Shaft Anvhdrite 

un:i.-i:: . . L ::..-:· 

ite 1s an important 

accessorv miner~l. Laminae ot silt-sized quartz and fossiliferous 

material are also noted. 

main textural types are: 

displacive anhydrite 

regular alternations of 

anhydrite and organic material; nodular anhydrite rimmed 

with carbonate and organic matter. A fourth textural relationship 

J. i rni t:.::~cJ 

-~- -i 
· ... ' .i. tu ::~:---··-4) •• 

Laminated carbonate with anhydrite 

anh r1te, calcite, organic matter and pyrite (Plate 3-1). 

La~c1le 1s the dominant mJneral o+ this textural type. It 1s 
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Plate 3-1 J hin ssction __ P-g18_- 6 7..i._ Shaft anhwdr1te ~n_i.i._j_ 
Laminated carbonate with anhydrite nodules; note recrystallized, 
brown calcite and dark organic layers; crossed nicols; bar scale 
is 0.5 mm. 

P 1 ate 3 - 2 I.hj_.Q ___________ ?..e c_t; i _g_D _ ____!:-=:_;!1~ -l_~__; ___ ~.h-~[t ..... __? n h_y d r J. t ~--L,J n i __t __ ~ 
laminated anhydrite; note calcite that replaces anhydr i te and 
dark organic layers ; crossed nicols; bar sca l e is 0.5 mm. 



·t .... · cl L~. (·:-::. . i ~ ... :. ·::::. .i : : j i ':::·· : !: .. ::; .i. i .... 

.!. exhibits anhed~al, 

+· ,----, have been extensively ·r )··: :1. -- +: ·_/ p c::· 

:··. c::· 
•• :t • •••• : 

Seconda~y calcite lack_ 

plane pola~ized light. This type of 

~~ va~1able rang1ng +rom about 

0.005 mm up to ~ mm. 

Anhydrite occurs in two +arms: 1 nodular pseudomorphs after 

blocky, euhedral, secondary anhydrite. 

pseudomorphs after gypsum because many nodules have the 

1s coloured very pale brown from 

considered secondary tor two reasons: 1) 1t crosscuts laminations 

rite nodules that J. t:. 

_lear 1n plane polarized light (lacks inclusions ot carbonate and 

organic materialJ. 

Organic material occurs as thin, +1lamentous laminae, and is 

with grains of pyrite. Organic material often 

con~a1ns angular to subrounded clasts o~ silt-sized quartz. 
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Anhydrite 
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Plate 3-3 - Thin section P-816-60; Shaft anh!d._drite ___ u!Jl.!.; t".Jodular 
anh~drite; note nodular anh~drite that displaces carbonate and 
organic material; crossed nicols; bar scale is 0.5 mm. 

Plate 3 - 't Ihi!J. section P-918-25.5..;._~.b.~f1..__an!J~dr t_te unit; .. 
Laminated quartz silt with organic and anh~drite; note laminated 
quartz silt and organic material with spindle-shaped, displacive 
anh~drite nodules (pseudomorphs after g~psum); crossed nicols; 
bar scale is 0.5 mm. 



Laminated anhvdrite 
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are observed to be partiallv replaced by calcite. 

i-----' i ... l } .. 
-··. ,.-_ ~---
·:::~. : : ! ! 

-·-:,·: .. : ..... 

·! \ 
.L / 

l -:::: 

this replacment anhydrite 

Wd~ cater calcitized Calcite replacing anhydrite 1s much lighter 

... . ; t·. E~ -::::.i iC= -i·· !--·- :-· . 
: __ t rt:.:·: 

-~- f::::v·· {::.·: ~-··; f- .... C) -i· 

Nodular Anhydrite 

( c~ Lt (-:-:~ tD -1-- 1-. r-. 
1 ••• i I t;;.7 

pyrite and appears very 

rite fabric was formed 

c:: .::::. t.~. s :-:::: c! 

i--. ·- .. L.:::: 

1n nodular and laminated portions, 
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·.~(,)I :f. i l I 1- =~. microcrystalline to b :::1: .. - :i. t.;:·:' 

TTT 
..1. ..C. ..i.. X iii. Petroqraohv of the Borate Anhvdrite 

11 ....... ; + 
I,_ I,! J .J, 1.u .i. =· iTi -::;. :i_ r-·~ 

include the borate mineral danburite, and pyrite. 

Nodular Anhvdrite 

Nodular anhydrite 

growth within carbonate and organic 

: ... .i"f" 

but they are irregular, thin, and 

often stained reddish brown by organic material. Calcite has been 

recrystallized as shaft anhydrite unit. CoFroded calcite 

calcite replacement Dolomite rhombs are 
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• • r-::,. 
• "V"" • . 

ealcite 

0.5mm 1• 
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Plate 3-5 Ih.lJJ___segtion __ _§86-J_60; Borate anhudrite unit ; 
Stylolitic anhydrite; note stylolitic texture with "tooth-and 
socket" intergrowth of nodules; anhydrite nodules rimmed by 
organic material; crossed nicols ; bar scale is 0.5 mm. 

Plate 3-6 - IhLTJ_.sec::J::_t.QIL.§86-l~Q_;__f1_grate anhydrite uni_t_;_ Nodular 
anhydrite and carbonate; note anhydrite nodule that displaces 
carbonate and organic material and calcite that replaces 
anhydrite; crossed nicols ; bar scale is 0.5 mm. 



j ••..• ;.. 
.:. '•, !··· ' .. ! .L ..::. •.-:.:.:i' .• .i 

c C) ;·-, ·::: :i. . .... L 

== .. , :L t. ···· ·:::: :i. ::::. \·?:: c: c~ : .. .: .. ::~. , .. l:. ;::· 

·····- .. .J 
-~i i!..J 

Massive Anhydrite 

Massive anhydrite 

.i.l i 

groundmass consists microcrystalline 

fibroradiate clusters consisting of aggregates o+ fibrous, lath-

shaped anhydrite. Lath-shaped 

plane polarized light and show ver 

Secondary halite is a 

and mass1ve portions ot the borate anh 

corsists of masses o+ ClEar 

cubic r~ysta!s. Recrystallized anhydrite 

T t. .:. ::::· ].r-1 -·· "! ·- -- -
~J .L -:::i.l it:::} 

-. :--. .-;: -:::t.t !.1 ... : 

lack ot carbonate and organic inclusions suggest -· seconda~ 
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1 0.5mm 1 

Organic 

1 0.5mm 1 

Jlanburite · 
nodule· - . · · · 



34 

Plate 3-7 Thin section 885-1 7 0; Borq.te anhydrite __ !::mi t._;_ 
Fibroradiate anhydrite; note fibroradiate clusters of anhydrite 
crystals in a microcrystalline anhydrite groundmass; crossed 
nicols; bar scale is 0.5 mm . 

P l ate 3 - 8 I h i.n. __ 2_~_g_t ion _§.!?5 -150~g rate_ .. _§ n IJ.y_g_r it e u n ~ .. t..; note 
fine-grained danburite nodule that displaces anhydrite and 
organi c material; also note recrystallized anhydrite around 
nodul ~; crossed nicols; bar s c ale i s 0.5 mm. 



=-·; '! r·-~ ::.:::::··· ... 

··;·· i. iii 

the secondary anh likely source Tur this 

: .•. .... 
L_i ::::.! 

The occurrence o+ borate nodules is unique to 

mentioned the borate nodules have been identi~ied 

-!_-_-_ CJ dark greyish-black :i. n 

plane polarized light and 

(Plate 3-8). Borate nodules occur within anhydrite, at the border 

···./Li.(~f·:=;:. and within secondary !-·! -3. 1 :i t c:.o " Thi ·::::. -::::.i! f'l il j:::t-::::.-t- -:::. --- ... . ·::.t ·::: - ··- ·- ··-

~hape of some nodules suggests growth from multiple centers. 

T T T 
.L .L ..... • iv. Petrography of the Third AnyhdritP 

th:i. i·-ci : ~ r-· .. ; ·l-
1_,1.! :.I.: ... 

laminations by the growth 

nodules. Carbonate and pyr1te been observed. Anhydrite 

1 -:~:- much coarser grained than 1n the borate 

rn -:::t ·::::. ·::::. 1 ·· .. ,..-- E"":: 

transitional to zones o+ very coarse, well-aligned laths that 
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Anhydrite 
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Anhydrite 
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0 

Organic with Quartz si It 
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P 1 ate 3-9 - JhL'J._ sect ig_]J __ .lSB-81 · Thir-9 anhwd r- i te unit; Nodula r­
anh~d r- ite; note coar-se textur-ed anh~dr-ite nodule that displaces 
or-ganic mater-ial; cr-ossed nicols; bar- scale is 0.5 mm. 

Plate 3-10 - Ib..tTJ_?_~g . .t.Jo.!!. __ !_~-~-BQ_; ___ Th ir-d a nh!::J..dr- i te unit__;__ 
anh~dr-i te; note coar-se , nodular- anh~dr-ite that displaces 
mater-ial with angular- clasts of silt-sized quar-tz; 
nicols; bar- scale is 0.1 mm . 

t·..Jodular­
or-ganic 
cr-ossed 
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' Anhydrite 
'\ \ 

" pseudomorphs ~ \. \ 

" \ 
after gypsum ' ' '\. ,_,.,. / 

' _.,. ./ / 

1_0.1 mm 1 ,.,.- / / / 
_,.,.,.- / / _, / / ,... / / 

Anhydrite nodule 

_
1 

0.1mm
1 

Well-aligned Anhydrite 
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Plate 3-11 - Thin section 158-76; Third af1h.!J.9...Lite .J:::J.nij;_; f\lodular 
anhydrite; note anhydrite pseudomorphs after gypsum; crossed 
nicols; bar scale is 0.1 mm. 

P 1 ate 3 -12 I hi n __ §.~ c t i Q_!l _ _ lS.f:~L~~_;_- Third _.EDl::tY..9 r i t ~--!:::1-D. .. :i...:t. . .i... note 
anhydrite nodule rimmed by well-aligned, coarse anhydrite laths; 
prossed nicols; bar scale is 0.1 mm. 
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TABLE .t 

Mean Concentrations(%) of Major Constituents 
in the Shaft. Borate, and Third Anhydrite Units 

Shaft Borate Third 

Gypsum 2.13 2.56 3.28 

Anhydrite 76.73 83.06 95.16 

Carbonate 14.36 3.98 1.74 

Halite 0.85 7.21 0.05 
~ 

n=15 n=30 n=29 



Tahle/l 

Signific3Jlt re3nlt3 of Stndent t-tes~ 

Shaft and Borate Anhydrite U ni1!3 

Cl 
MnO 
F~()3 

MgO 
Na,t) 
KzO 
Sr 
NaCl 

t=3.37 
t=3.21 

t-=3.09 
t==4.58· 
t-=2.81 
t=:4.89 
t="" ro i,.-:1.1' 

t=2.89 
t=3.14 
t=2.99 

Degrees of Freedom= 42 

Borate and Third Anhydrite Units 

Cl t=:-4.00 
N'%0 +-':) "!i ,_-....,.U! 
~-t.l.l. t=4.84 
Ce.G~ t-=3.01 
l-JM~l -...... ~ .. t=~ ~? """'· _,_ 
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Results of T-tests 

! I " l " 
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+ .-··· 
: __ ':::· 

)i i \"' 

.j .. 

:.i 

-::· .. L; !·::::. 

.•.......•. !." .. ::::. 

th~ three anhydrite 

the 95% confidence level are shown 

anhydrites have the greatest number o+ significant differences in 

'1. ·::::. 

rite and the homogeneity of _,_ i ... ··-
Li it::.: 

-:::trt :---: 

significant differences the presence n+ organic material 

r1te; and 3) di++er~nces between the borate and 

:--. -·- .--:·. ~--- :_J ::-:-::: l 1 :_-.-:.: :_._: : .. .:. ·:::. ~ ... i ; i:::: 

IV. vic Inter-element Relationships 

geochemical data. 

related or vary together 



1 -:··· ··:- ;" .. ··:···· 

nrrelation coefficient lS Ccl···c:) ::i!..I.C:: !i! .... ::1 -:-:-:r .. i t. 

1 -::::. 

All elements in each 

the 95% confidence 

·-· '··· ··- .... ! . : .... i I 1:::!1 ... i·:_ 

significance. Based on small sample populations and the 

possible introduction of statistical errors, correlations greater 

selected as significant. ln a11 three 

u.n:t J. ,_::) ':;) .:::.. r- :i. -!::. h m i c:: 

possibly happened "T"L- .: -~ 
! ! ! .L ·::::-

transforms may make almost any distribution appear normal. 

Shaft Anhydrite 

number o+ significant 



-:::: :·T .. · ..... ! .. _._ :t. c;: 

...... ... i. 
-:::!. i ! i ... ! / c::\r c::; ·i·· 

....... =::.::E i!:.:·· 

-:::!. i ~ __ j 

significant negative correlations are 

~r. Plots of these cortelations are included Lii Appendix 

Borate Anhvdrite 

In this unit the sample populat1on 

[i,. 
.. . . 

~::::~ :L (_;?. l"! ]. --~·- l c: -=='· ~-·! ·t. 

.·-.. f. 
: .... ' l 

these correlations are included in Appendix I. 

Th i t-d Anhydr i tP 

!n this unit the sample population ·_: .. · ) J. ·::::. 

show any significant 

significant po~lTl~~ correlations between: MnO and 

Significant negative 

correlations occur c:·:.---
.. -:! 1: Correlations are weaker 
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IV. v11. Conclusions 

highest concentration 

.f .. i- .--·. 
··- i : r::..·: 

!" .. ::'''. 
j···· 

........ : l.. . 
·· ·::::· .i. L •. : 

readily distinguished +rom the 

on the basis of geochemical data. 

·j .. ;. 

T t. 

lowest anhydrite content 

third anhydrite unit~ 

borate anhydrite unit has +ewer impurities than the shaft 

shaft and borate units. Based on 

t.rl :i . 

. D. 

high concentrations of trace and m1nor elements~ 

dll;i 



inte~-element correla~1ons ! ! : __ ! r--: :::s :;:~ ::::: 

transfo~ms -~ggesting that elemental 

Vl.ll. Suoae~tions for FurthPr Study 

into the chemical 

:i_ -:::. net ·-· -- -- ·-· ! ·~· 
·:::·· ·:::;. ! : ~ .. .i .L i::.:: 

are large enough to eliminate the possibility of thP introduction 

wT thirty 1n o~der 

sample population it V,JDI..J..I. C:i a]so be possible to use 

description ~+ ~ne units. 
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t. 

·.... . ! ! ~--

Di~oPnPsis of the Shaft Anhvdrite 

processes that formed 

.-- !-··. ·· ... ':: .j .. 
:::•: l .-·: I : 

"· .t: .. .' rep~acement of gypsum by 

precipitat~G' ot pyr1te 1n place o+ organic matter; 

:._ . __ _:_) ! t·::.~ i.... ! allization and minor dolomitization o+ ~-iglnal 

~orn massive~ microcrystalline carbonate; 
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j i !____! i __ j i ___ i_ 
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\.i 
;;- • iii. Explanation of diagenesis: Shaft Anhydrite 

The first stage in the diagenesis 0T the sna~~ anhydrite was 

d~ a conduit ur 

gypsum-rich brine. 

subsequently pseudomorphed 

exhibit a lenticular shape characteristically observeo 1n gypsum. 

carbonate sediment. This implies 

that gypsum growth occurred early 1n 

u·· .; ·f·· r•·, 
l .i. : ... •:::: 

brines saturated with NaCl~ -::~. -~----_ ~~- c:J E p -!::. h -:::. 

rite can only occur in 

According to Fairbridge 

l1983) the dehydration from gypsum to anhydrite most commonly 
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Calcite 

A Q Q(l 0 0 c 0 0 (} • 
D 

q. (?' 

0 d . ~it 

Calcite replacing 
Anhydrite 

1 0.5mm 
1 



Plate 5-l Jhin section 
calcite replacing anh~drite; 

65 

918- 35 · Shart anh~dr i te L,mi_t_i __ note 
crossed nicols; bar scale is 0.5 mm. 

P 1 ate 5 - 2 - IJl i Q.. ____ ~_§_g_t._iQ!l_§_l._~-=-~.9_;_ _ _1JJ::la_E_t. __ .? n t1Y.fl r i t ~--l,!!J .. tt..;... note 
calcite replacing anh~drite; crossed nicols; bar scale is 0.5 mm. 
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Berner (1970) the major steps 

1 ) 

with iron minerals to form FeS; FeS with elemental 

i:-: ·::''·.:·.!::.:·:!: 

.;-;. F.:: !·- C) b :i. .:::: 

anae~obic bacteria 

o+ sulfate reduction, H2S 

thr:::.· rnc•::::.t. present to form black, non-

I--F 

concentration increases and additional detrital 1ron is converted 

to FeS. Some H2S is oxidized 

Remaining elemental sulfur slowl 

t. :::.~ >~ ·t. !..J. ~-··· E_: ·::; 

ci i cJ t-. .r-·.-f... 
; 1'--l '··· 

processes would 

organ1c processes 

reacts with FeS to form pyrite. 

propose = mechanism ..!.. -· (__! ___ } 

E?n c:1·--

rite did not continue ~n evolve 1nto 



: ... : : :_ J~j 

... ' i. i ___ _ 

c,-.... r::.-,f-· .1. J :I ,l, · ... •, :/ !~·:· !"'" ... 

'::::-i...ti_:J :_j i:::.; :::..- __ !--

:.-'I .L j i i:::.: '::::- 11 
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. ! :-:::-t..i. (dolomitization) produced 

u; euhedral dolomite. Hardie (1986) notes that the 

environments has 

··.Jr:::,r r ,-·! ... :-• -- - --· 

~r1te unit dolomite always L_ ~ replacement product. In 

the presence of a 

conditions would be suitable +or dolomite formation. Dolomite is 

mainly observed around the rims 

C:: .:?:i. 1 C: i t:. F2 n in 

1nclusion of earlier-formed anhydrite. 

V. iv~ Diagenesis of the Borate Anhvdrite 

postul .ted to have occurred 1n the following order: 

ir'ii i::.hi. !! 

existing carbonate sediment and organi~ material; 

replacement o+ gypsum by anh rite pseudomorphs; 

{ -: ": minor replacement of anh 



_ .... :::::!Li. 

fibroradiate clusters o+ bladed, acicular 

all1ne groundmass; 

{ -:: na11~e and/or anh 

\/ Ll i~~J · ·· .{: .:. . .. 

secondary anhydrite; 

recrystallization CJ·f· 

deposition of minor 

nodules, displacing anh 

organ1c material and carbonate. 

V. vi. Explanation of diagenesis: borate anhydritP 

· .... ...- c:: :L LJ. rn t·:: c.:: ·f 

Reduced carbonate result of increased 

salinity at the time ot depostion. 

VJ -:::\-:::. ~- i-.. -. 
~ '1 r:::: 
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diagenetic process noted from the Middle Carboniferous 

growth of the secondary halite 
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'··· i 
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V= v11. Diagenesis of the Third Anhydrite 
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rite unit 1s very 
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V. viii= Fxplanation.of diaqPne~is: third anhydrite 
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Appendix I Geochemical Data 

data consisted of ·-:·· .·1 
/ •t 

....... --· i ... 
1:::! -:::\ L. ~ ~ 1·4 

:·,~=~ ,. J. I I ~~ .:3. ~==· t .:':'?., t j_ ~=· t. :i. c:: a l 

the statical analysis of the 
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Calculation of major constituents in the shaft, borate, and third 

anhydrite units. 

Gypsum = Combined Water * 4.778 

Anhydrite = 503 * 1.7004 - Combined Water * 3.7186 

cao * 1.7845- so3 * 1.25 

NaCl = % Water Soluble Nacl 



C::A::::E 1 
c:,:":i::::E 2 
Cf.·1::::E ·~: 

CA::::E 4 
C:A::::E c 

-I 

C:f:.)::::E 6 
c:A::::E -; 

I 

CA::::E .-. 
·=· 

C:A::::E 9 
C::A::::E 1 0 
C:A::::E 1 1 
C:A::::E 1 ·--=· ..:.. 

CA::::E 1""=' ·-· 
C:A::::E 1 4 
C:A::::E 1 = _, 

C:A::::E 1 
C:?-""'iSE 2 
CASE :::: 
C:A::::E 4 
c:A' = ·-' 
C:f 6 
CASE 7 
c:A::::E :::: 
C:ASE 9 
C::A::::E 10 
CASE 1 1 
C:A::::E 1.-. 

L 

C::ASE 1·-=· ·-· 
C:A::::E 14 
CASE 15 

SHAEI ___ ANHYDRITE 

SAMPLE$ MOIST COMBH20 

P-816-10 0.020 0.200 
P-816-30 0.030 0.380 
P-816-40 0.060 0.380 
P-816-50 0.070 0.300 
P-816-60 0.070 0.310 
P-816-70- 0.030 0.400 
P-816-80 0.020 0.430 
P-816-90 0.005 0.590 

P-816-100 0.005 0.410 
P-816-110 0.050 0.480 
P-816-120 0.060 0.520 
P-816-130 0.040 0.380 
P-816-140 0.020 0.570 
P-816-150 0.030 0.610 
P-816-160 0.040 0.730 

CL MNO FE203 

0. 1::::o 
o. 055 
o. 007 
0. 025 
0 .. o::::2 
0. 033 
0 .. 016 
2. 950 
1 .. ::::::::o 
0 .. 007 
1 . 870 
0. 020 
0 .. 007 
0 .. 064 
1 .. 8'i'0 

0. 
0. 
o. 
0 .. 
0 .. 
0. 
0 .. 
0. 
0. 
o. 
o. 
0 .. 
o. 
0 .. 
o. 

001 
001 
001 
007 
013 
025 
006 
018 
010 
oo:::: 
01:::: 
003 
003 
001 
012 

o. o::::o 
0.022 
0.010 
0.040 
0.034 
0 .. 060 
0.036 
0.540 
0.170 
0. O~i6 
0 .. :370 
0 .. 064 
0. 04'::' 
0.017 
0.::::60 

i~l:::: n 570 
;::i::::. 1::::o 
51. .. 6{-..<) 
47. ·::100 
57. o::::o 

5::::. 0 l 0 
14.500 
::::5 • :::: ·;;· 0 
52. o::::o 
2:::: .. ::::,::,c) 
5:1..210 
56. 1.:.oo 
5::::.370 
2B. ::::10 

0.027 
0.014 
0.004 
0.090 
0. 4::::0 
0.920 
0 .. 320 
0 .. 770 
0 .. 220 
0.100 
0 .. ~i90 
0 .. 1/.:.0 
o. 1::::o 
0 .. 01:::: 
0 .. 570 

90 

C::AI] 

41.120 
4:1. .. 170 
40.450 
42.0/.:.0 
40.210 
40.550 
40 .. /.:.::::o 
43. 5"7l0 
::::/.: .• ::::l 0 
42.570 
::::7.530 
40.4/.:.0 
41.';-1 10 
41.230 
::::7.350 

NA2CI 

0.092 
0 .. 0/.:.4 
o. 0:34 
0.054 
0 .. 04/.:. 
0.055 
0. C)L~2 
2. /.:.!::iO 
0.950 
0. 04'~) 
1. ::::oo 
0 .. 051 
0 .. 04:::: 
0. O~il 
1. 270 



CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 

CASE 
CASE 
CASE 
CASE 
c~ 

C1. 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 

1 
-
L 

3 
4 

I 
0 

7 
8 
9 

1n 
1 1 
12 
13 
14 
15 

1 
2 
3 
4 
c 
~ 

6 
7 
8 
~ 
7 

10 
1 1 
1~ L 

1~ ~ 

14 
]C .0 

K20 

0.016 
0.013 
0.002 
0.028 
0.016 
0.025 
0.015 
0.550 
0.085 
0.034 
0.470 
0.052 
0.032 
0.013 
0.450 

ANH 

81.630 
98.020 
86.020 
80.010 
95.490 
87.850 
88.080 
21.830 
59.060 
86.260 
46.250 
85.260 
93.520 
96.330 
45.370 

SR 

0.057 
0.075 
0.051 
0.072 
0.065 
0.100 
0.072 
0.950 
0.320 
0.166 
0.168 
0.059 
0.047 
0.055 
0.157 

CAC03 

12.670 
0.800 
7.610 

15.180 
0.470 
6.370 
6.240 

59.620 
19.930 
10.870 
31.520 
8.190 
4.030 
0.610 

31.260 

s 

0.050 

0.025 

NACL 

0.170 
0.120 
0.064 
0.100 
0.087 
0.100 
0.079 
5.000 
1.790 
0.092 
2.450 
0.096 
0.075 
0.096 
2.390 

ORGC 

0.041 
0.073 
0.230 
0.073 
0.180 
0.180 
0.180 
0.180 
0.040 
0.260 
0.044 
0.140 
0.270 
0.047 
0.046 
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GYP 

0.950 
1.810 
1.810 
1.430 
1.480 
1.910 
2.050 
2.810 
1.950 
2.290 
2.480 
1.820 
2.720 
2.910 
3.480 



N DF Cf:iSE~J 

l'-1 IN I 1"1L.ll'-"i 
i'~IP1 X I t-'ILII"I 
1''1EAI'~ 

STANDi-"i!=<D :oi:::\} 

i\1 DF C?"iSES 
1'-1 I 1·~ I 1'1 U tvl 
I'~! A X I t'ILII'~i 

MEAN 
STANDAPD DEV 

N DF CASES 
t1 I 1\1 I l"llll'··1 
1'-'IA )( I l"llllvl 
t-1EAN 
STANDPtHD DEV 

N OF CASES 
1'·1 I 1'-.1 I 1'·1 U 1'·1 
l''l?"i X I t1UI'~I 
MEAl.._~ 

STANDAHD DE\l 

I'·'IOif.:;·r 

0 .. ()7"0 

(l n ()22 

15 
U.OUl 
0 n 02~i 

0.008 
0 .. 007 

15 
0 .. 047 
0.950 
0. 161 
o. 2~~;o 

cAcu::::; 

15 
u .. Lf.)'O 

59.620 
11.1. n :::;;~.18 

1~5. 949 

()" 2()() 

0. l ::::;fl 

15 
0.010 
0. =i40 
0. l ~::4 
0 .. 164 

:2 
0.025 
o .. o::.;o 

0.018 

N(4CL 

·It::" 
.l ...J 

0.064 
::.;. 000 
0 .. 8..:~ 7 
:l .. 4-LI-6 

46 n ::;:~·:;)Lj. 

:1. ~~:; • 2 ::::; "/' 

r-1c:.u 

l5 
0.004 
0 .. 9:2:0 
0 n :2•:;.•4 
0 n ~~;oo 

OI=<GC 

15 
0.040 

0.085 

i.j () n .;:j."_"/ ~.5 

1 n '7)i.:)iJ 

15 
o. o:sf.i. 

0. 4~50 
0.766 

15 
o. 9~50 
::::;. 480 
2. 127 
0 .. 6~59 

9_2 

C:L. 

0.960 

i<~.2C:J 

:t5 
o. oo:~: 

0 .. 120 
0. 194 

l ~; 
2:i. .. B::::;o 
98.020 



I\~ [I F C.:: {i ~:::; E: :::~ 
1:.: ?=i i ··.j C) E:: 
1.../f."'iF~: I (:,NCE 

N [IF C(.:i~~;E~:} 

F:AI ... JGE 
VPtH I f::,NCE 

l'-.1 IJF Cf:iSES 
~:ANEiE 

\J(.:.IF: I r:~,NCE 

N OF CASES 
I::;:ANGE 
VARlf-:11\fCE 

·! r::· 
.f. ...... 

OaOOO 

l~i 

o" o:.2LJ. 
0.000 

l~i 

0. 90::::. 

c,-::~co::::. 

15 
!:i9. 1 !50 

CUi'-'IBH2U 

Uu O:l'-Ji 

:t ~.5 
o. s:~:o 
0.0:-27 

;-. 
~ 

:z 
0.025 
0.000 

:t5 
4a 9:~;6 
:-2.090 

:i.:::.; 
i} :.::~ n f:) ·.? () 

:l"_?;::_i n 21 :J 

1~; 

0.916 
0.090 

0.007 

:1. ~:; 

:::.6:1.6 
0. ~587 

0 •. LJ.::~:4 

93 

LL.· · 

1<2CI 

15 

o. o:::::7 

ANH 

j c 
. ,_! 

76. j_Cj'() 

~d 7 u <S~d 



SU3 
C:AU 

c.::L 
i"1i\j[l 

FE::?o::::; 
r ... ibD 

1'--~{120 

~:::~?(J 

sr-;: 
CIF·:L;c 

1'·150 
NA20 

KL:(J 

SP 
OF~GC 

:l n (l(l(l 

0.146 

-u. 54)' 

-0.8:i.1 

u. l '7'6 

1. (H)O 

o. ~i09 

0.090 

JMBER OF OBSERVATIONS: 15 

C?-)(J 

i. 000 
-0 .. ~~; 14 
-0" 20::/6 

-0.::::.:1.2 
-0 n 12:·,;~ 

NA20 

1 a 00() 
Ua866 
0.842 

-(). 459 

Signifcant values at 95 1-, r > 4.41 

9_4 

L:L. 

:l. .. oou 
l " ()()(> 

0. f..ili.J. l. 000 
0" ·.?)'() 

0.907 
0 .. 6"74 

0. ")'l!. :l 0.816 

1 a 000 
1. 000 

-(j. :::::1.8 -()" (ji.'?.J8 1. oou 



~:::(J:::: 

c:t~C) 

C::L. 
~1NC) 

FE:20:::: 
!"~1C~C:I 

1\l,~::;::r:J 

~<2C) 

::::1~ 

Cti=<(3C 

11GC:r 
NA20 

i<2Ct 
~:::F: 

I]F\GC:: 

i ~ 000 
C) s: ~2C)/ 

-·0. 4~3:::: 
-0~7:32 

-0. 4:::::=-~ 

-0. "7(:.9 

l'"i(i(l 

l . <)(H) 

0~450 

0 .. (::.73 

-0. 011 

~UMBER OF OBSERVATIONS: 15 

1 .. 000 
-·0 n 2::54 
-() .. 204 
-0. 1(:.·1 

-0 .. 127 

-0.105 

N,~2() 

i. 000 

-0. ,S]7 

Sjgnificant values > . 7 

c:L 

1M (H)() 

0 .. 4~"5:2 
0. 4::=::7 

0~ 4::::4 
0 .. 917 

() n 5::::~; 

-0 .. 7:~~::::: 

1<20 

1 a 000 
()a 677 

-0 .. 201 

1" 000 
0 n 7~)1 

0 a 4';!12 

0.7t1 
-0 .. 0(::.0 

1 .. 000 
-0.2::::7 

1 • 0()0 
0 .. ::::(H) 

0. /::.45 

0 .. 7 ... +:2 
-o. l,.:.,s 

O!~CiC: 

1 u 000 
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c,~:::;E 1 
C:A:::;E -· 

~ 

CASE: -· : ·-
C::A:::;E 4 
C:A:::;E ~-I ·-

C:ASE ,~. 

cr-~:::;E 7 
C:A:::;E -:=: 
CASE ·::} 

C:A:::;E 10 
CA:::;E 1 1 
CA:::;E 1.-. ..::. 

C:ASE j ·-=· . ·-· 
C:ASE 1 4 
CASE 15 
C:A:::;E 16 
C:ASE 17 
C:ASE 1 -=· ·-· 
CASE 1 •;J 
CA::::E 20 
CA:::;E 21 
c:~'::=:~ 22 

c~ ·-:t·-=· ...:.,. .. _. 
c.:~ 24 
CA:~;E .-1c:-

L·-' 

C:ASE 26 
CA:::;E 27 
CA::::E 2:::: 
C:ASE 2'? 
C:ASE ::::o 
CASE 31 

Borate Anhydrite 

P-::::::::6-1 0 
F'-::::::::6-20 
F·-:::::::::6-::::o 
P-::::Bf:.-40 
F'- :::: ::::6- ~:; 0 
P-::;:::::6-60 
P--::::::::~::.-70 

P-::::::::6-::::o 
P-SB/.:.-90 

P-::::::::6-1 00 
p-::::::::t:.-11 0 
P-::::::::6-120 
P-BBf::..-130 
F'-::::::::6-140 
P-::::::::f::..-150 
p-::::::::1~.-1 60 

P-::::::::f.:.-1·SOa 
P-::::::::f::..-1 70 

P-::::::::6-1 70a 
P-::::::::6-1 ::::0 

P-SS~.-190 

P-::::Sf::..-200 
P-::::::::6-21 0 
P-BSf::..-220 
P-::::::::6-230 
P-::::::::6-240 

P-::::::::t.-240a 
P-::::::::f::..-250 
P-::::::::6-260 
p-::::::::~.-270 

MOIST COMBH20 

0.020 1.120 
0.005 0.630 
0.020 0.680 
0.005 0.540 
0.040 0.510 
0.030 0.530 
0.020 0.500 
0.050 0.490 
0.050 0.540 
0.040 0.520 
0.005 0.350 
0.020 0.460 
0.005 0.590 
0.020 0.560 
0.110 0.540 
0.040 0.540 
0.010 0.500 
0.005 0.530 
0.030 0.460 
0.010 0.460 
0.005 0./.:.10 
o.oso 0.550 
0.005 0.280 
o.o::::o 0.190 
0.030 0~640 

0.050 0.490 
0.0(:.0 0.530 
0.005 0.730 
0.010 0.450 
0.040 0.530 

:2(: .. 740 
44.040 
~son 4::::o 

51.420 

5t:: .• ::::·:;J() 
!:i4. 600 

!:iO. 250 
!50. 4::::o 
56. 110 
57.450 
5::::.550 
5t~ .• ::::40 
47 .. 230 
54.4BO 
50 .. 700 
50.740 
!:i5. 970 
51. ·::,.::::o 
49.170 
47 .. 6SO 
52.9::::0 
56 .. 1BO 
31.310 
50.260 
!:i4. 110 
48.770 
::::1.::::20 

98 

3:?. 1 ::::o 

::::::::. 0:?0 
41. 0~50 
40. 6:·::o 
::::·::} .. o::::o 
::=::::::. 700 

40.170 
41 • :::::so 
::::::::. ::::(:.0 

41.300 
34"000 
40.210 
39.120 
::::7. 1 ::::o 
41.050 
41.050 
40. ::::::::o 
41. 1::::o 
40. ::::::::o 
40.6:30 
2::::.720 
::=: :::: • :~:~~~C) 

41.170 

2::::.410 



CA:::;E 
C:ASE 
CA:::;E 
C:A:::;E 

CA:::;E 
C:ASE 
CA:::;E 
C:ASE 
C:A:::;E 

c:A:::;E 
C:ASE 
C:A:::;E 

CA:::;E 
C:ASE 
CA:::;E 
CA:::;E 
C:A:::;E 

c:ASE 
C:ASE 

C::ASE 
CA:::;E 
CASE 
c~ 
,-.! 
--~',, 

C:ASE 

CASE 

CASE 
C:ASE 
CASE 

CASE 
CA:::;E 

1 
2 
:::: 
4 
1:" -· 
/.:. 
7 

9 
10 
11 
12 
13 
14 
15 
1/.:. 
17 
18 
1':?1 
20 
21 
22 

24 
.-.~ 
..::. .. _1 

2/.:. 
27 
2:::: 
29 
::::o 
::::1 

C:l_ 

1.100 
11 . 4'7'0 
2.600 
/. ::::1.0 
0.550 
o. 05:::: 
1 n:::: 10 
::: .. 100 
:::: .. 200 
~::: .• 7::::o 
7.260 
1. 510 
0. ::::oo 
1. ::::oo 
0.420 

10.610 
1. 9:30 
4.1/.:.0 
5.770 
0.640 
1. {::.!50 

2.650 
::::. 2::::o 
1 .. 4:30 

2/:.. .. ::::/:..0 
4 .. 6::::o 
1 .. 320 
7.060 

21:.. .. ·::130 

0 .. 014 
0.001 
0.001 
0.001 
0.001 
0 .. 001 
0.001 
0.001 
0. oo::::: 
0.001 
0.001 
0.001 
0.001 
0 .. 00:3 
0.002 
0.002 
o.oo:::: 
0. 00:3 
0.004 
o .. oo:::: 
0.015 
0 .. 007 
0.007 
o .. oo:::: 
0 .. 00:3 
0.002 
0 .. 003 
o.oo:::: 
0.001 
0 .. 002 

1 n 7~)(J 

O.Olf::.. 
0.011 
0.014 
0.019 
0 .. O:l'i' 
0 .. 019 
0 .. 01/.:. 
0 .. 017 
0.011 
0.010 
0.011 
0.020 
0 .. 0::::7 
o. 01'i1 

0.019 
0 .. 042 
0. 01t. 
0 .. 022 
0.014 
0 .. 0::::4 
o. 0!54 
0.040 
o. o::::7 
0.024 
0 .. 022 
0.02/.:. 
0.023 
0.014 
0.020 

MC-iC) 

.:;:.. 1.'7'0 

0 .. 018 
0. 02~5 
o .. o:;;::o 
On017 
o. 01:::: 
0. 01:::: 
0 a 01:::: 
o .. o::;::7 
0.037 
0.0:22 
0.025 
o .. o::::o 
0.075 
o. o::::2 
0 .. 0:23 
0 .. 052 
0 .. 045 
o. 0:37 
0.030 
0.065 
o .. o::::9 
0 .. 072 
0.04-8 
0 .. 1:30 
o. o::::2 
0.057 
0 .. 05:::: 
0.022 
0.032 

NA2() 

1 n 1 (:,() 
7" ::::::::o 
Ln i::r5() 

~i .. 520 
o. 2::::o 
o. o::::1 
0. ::::90 
2. 170 
2. 25<) 
5. 4-::::o 
5.410 
1 .. OlO 
o .. 2~-:::o 

1 .. 260 
o. ::::oo 
:::: .. 090 
1 .. :320 

:::: .. 240 
4.::::20 
0 .. 450 
1 .. 160 
1. 160 
2. 120 
2 .. ::::::::o 
0.9:30 

21.500 
:::: .. 480 
o .. o::::9 
5 .. ::::50 

21 .. 870 



CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CA~~ 

Cl 
Ct 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 

1 
-
L 

4 

6 
I 

8 

10 
1 1 
1~ 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

24 
25 
26 
27 
28 

30 
31 

K20 

0.840 
0.007 
0.007 
0.007 
0.010 
0.011 
0.009 
0.009 
0.009 
0.007 
0.006 
0.007 
0.012 
0.025 
0.009 
0.006 
0.028 
0.008 
0.010 
0.008 
0.017 
0.039 
0.024 
0.022 
0.035 
0.015 
0.018 
0.017 
0.012 
0.013 

SR 

0.061 
0.039 
0.040 
0.042 
0.043 
0.036 
0.044 
0.040 
0.039 
0.069 
0.040 
0.065 
0.046 
0.059 
0.073 
0.053 
0.059 
0.065 
0.049 
0.069 
0.160 
0.135 
0.056 
0.050 
0.032 
0.039 
0.044 
0.047 
0.032 
0.040 

s ORGC 

0.025 0.092 

0.150 0.140 

0.050 0.140 

100 

GYP 

5.350 
3.010 
~.240 

~.580 

~.430 

~.530 

2.380 
~.340 

2.580 
2.480 
1.670 
2.200 
2.810 
2.670 
2.580 
2.590 
2.390 
2.530 
2.200 
2.200 
2.910 
2.630 
1.330 
0.910 
3.060 
2.340 
~.530 

3.490 
2.150 
2.530 



C::A::::E 
CA::::E 
C:A::::E 
C:A::::E 
C::r!.:i::=:E 
C:ASE 
C:ASE 
C::ASE 
CA::::E 
C{~SE 

C:ASE 
CASE 
CASE 
C:ASE 

CASE 
CASE 
CASE 
C:A:::E 
C::A::::E 
C:ASE 
C:A::::E 

CASE 
c:P ~ 

C:l 
C:A::::E 

CASE 
CA::::E 
C:ASE 
CASE 
C:ASE 

1 
-· 
L 

4 
r::;­-· 
f:., 

7 

10 
1 1 
1 .-, 

L 

1 ·-=· ·-· 
14 
15 
1 ,;:, 

17 
1:::: 
1 ........ 

20 
21 
22 

24 
.--.c::"' 
_L._. 

26 
.-.-., 
Ll 

2:::: 

::::o 

ANH 

41 a 2:=-::o 
72a50() 
::;:::::a 2/::..0 
::::4.670 
:;::~~ u 510 
9rS a 9'"i1<)-
9:::: a ':?J•:;·o 
:;·o. 990 

::::::::. 4BO 
::::4. 570 
·::)::::. 670 
95.450 
::::::::. 9::::0 
94.600 
7::::.260 
90.740 
:::::::: .. 6::::0 
::::4.080 
92.970 

::::0.980 
7.-::, 7::::o 
::::·:;·. 090 
92.470 
50.::::90 
82. ·;,::::o 
::::9.240 
::::1. 2::::o 
50.720 

c: {~ c:: 0 :::: 

~=-. 2::::o 

2..620 
.:: .• ~i70 
0.340 
2.010 
1.400 
1. b'"i-1 0 
.L.940 
2.050 
1. 5lt0 
1. 970 
2.410 
.L .. /:..50 
1. t..::::o 
:3./:..50 
6. 4::::o 
2.920 
::::.290 
::::.::::40 

11. 4::::o 
1::::.720 

2.270 
::::. 190 
6.520 

4. ::::::::o 
2. f.:.::::o 

NAC:L 

.L. 1 '"i-1 0 
1 Ll. / (:,<) 

::; n (:o(:t(l 

10.410 
(). s:~::cj 
(J a ()5!::: 

1 .. t..::=::o 
4.090 
4 .. 240 

10. :::::::::o 
:1.0.200 

1 .. 900 
0.420 
2 .. 370 
0.560 

15.260 
2n490 
6 .. 100 
::::n 1{:.<) 

OnB50 
2.190 
2. 1'"i10 
4 .. 000 
5. 4::.:o 
1. 750 

40.540 
5.560 
1./:..::::0 

l0.090 
41.240 

lOl 



I\~ C) F. C {~ ::::> F f:) 
1'-·1 :f 1'-.j I 1'·'1 U 1""1 
l'-'1 p, >< I 1'--"1 U 1'~1 
1"11:::?~1·-~ 

~:::;. r 1-:~,l\l D i~1 h D D '!::: •-.,l 

N UF CAbES 
1"1 IN I i'-'IUI"'1 
lvi(1X I 1'-'IUI'-'1 
1'·1EAi··~ 

STr=4NDAI:;~:o DE\/ 

N OF Cf."1SES 
M I 1\1 I I'·1LII"1 
1'-'IA X I 1'-'IUI'-'1 
t··1EAI\~ 

ST ?41\!DARD DEV 

i-.,~ OF C(=iSES 
1'·1 IN I l'·'ll.ll"'l 
t'IA X I 1'-"IUt~"l 

I'-1E?~N 

STAt·-.JDARD DEV 

:::::o 

0.:1.10 
u. ():.:::o 

:so 
U.OOJ. 
0. 0:1.~} 
0 n (H):~; 

0. oo::::: 

0.160 
(i. 05~i 

0.028 

1~~:. 720 
:3 a '7'80 
~~;. 008 

u .. 1·-.:;u 
1 n :1.20 

~~:o 

O.OJO 
1 a ~l~;_;o 

0 u 08() 
0. ::~; 16 

(i .. ()2~i 

o. ())'5 

0.066 

NACL 

::::.o 
0.058 

41 n :240 
J' n 2(if.J 

10. 06~.::: 

~~;() 

26.'?-40 

i'·'j[j[l 

:~::o 

0.01)' 
:,2 n 190 
0. :1.1:2 

DF<GC 

0.0<7'2 
o. 140 
0 n 1 ~?4· 
0.028 

~::o 

4 :l • ~~:~::·.i(i 
::~. '? • ::-~~ 4 7 

:::::o 
o. o:.::::t. 

~.~: 1. 870_ 
:::::.8:1.4 
r: -='·r.::·.-.. ·, 
,_! • ._) .. _ •. .::. 

0.'7'10 

r; J.:.-1:: J:: 
...:: " .... )'I..)J 

o. 7:::::2 

ln2 

C::i.. .. 

(> tl c):.:ss 

0.006 
0. f340 
u. 0-4:::: 
o. 1!'51 

ANH 

4 :i. • ~~::~;() 
96. c;·~,!O 



TOlAL OBSERVATIONS~ 31 

1\1 DF Ci=-"1~7.:.F::S 

1.:;: {-II\! bE: 
'v'i::,F: I P,NCE 

N OF. CA~3ES 

HAl'~ bE 
'~AF: I Pd'~CE 

N OF C(1SES 
F:AI\IGE 
VP,F~ I (:INCE 

N OF CPtSES 
~:AI'·.JGE 

VARIANCE 

~:~:o 

0 n 1 o~=· 
OhOOl 

r·'IN(J 

~~:o 

Oh014 
0.000 

~.:::o 

Od129 
OdOO:l 

1:3. :::::so 
9. 0~} l 

CUi'-'i:E::H2Ci 

FE~2[1:::;. 

~.:::o 

1 • "/ LJ.o 

od too 

c-:: ,_. 

oh 125 
On OO,::"J. 

NnCL 

41.182 
101h267 

~;CJ:~:; 

l'·'lbO 

2 n 1"?:~: 

0 d (jlj.fJ 

OhOO:l 

2 :i. n u:~:9 

:.?8n 642 

:::::o 

o d ~s:::::.s 

l03 

C:i_· · 

1<2U 

::::;o 
0. t-:3~.:::4 

:so 

l78d 4:::::o 



su::~; 

c~:i(J 

CL 
I'~II'·~U 

FE:205 
I'~ICJU 

NA2D 
t:::2U 

SF~~ 

I"IGO 
I\IA2U 

t:::20 

1 • 0()U 

-o. ::;o.q. 

-(). 5~::-.? 

:l. 000 
-0.050 

NUMBER OF OBSERVATIONS: 30 

CAU 

l n (!(l() 

-·0. 4::30 
-0. 125 
--0 n 4(:,:•LJ. 
-0 n 4:~~2 

-0" 4~)() 

u. :lf.J::::; 

1. oou 
-0.122 
--0" 1 !_:i:3 

C::L 

:l. (H)O 

-0. :l6::~; 

-0.105 

-0. 1 .:SCJ 
-0" 1 ~71 

K2D 

1 a 000 
0.200 

Sig ificant values at 95 Y., r > .306 

J n l)(i(i 

0" ·.? :L :t 

-0. ().;fc_;· 

0.714 
. •• .. •• ·-t• 
t.) " {:J (-.) -~) 

1" 000 

104 

l • ()OU 
(). ·~; :i "? 

-·-0. J :l-4 
0 n '7'(:;.i:j. 



MATRIX OF SPEARMAN CORRELATION COEFFICIENTS 

:::;o:::: 
c:,:.""i(::r 

CL 
t--1NCr 

FE2C:r:~: 

MC30 
NA2Cr 

~<:2() 

SR 

MGC:r 
NA2Cr 

K20 
:::;R 

i a 000 
0. 7::::4 

-0.699 
-0 .. 1 'i10 

-0.171 
-0.741 
-0 .. 031 

0.055 

1 .. 000 
-o .. o·::,:::: 

0. 7:3:3 
o. 4-79 

~UMBER OF OBSERVATIONS: 30 

c:no 

1. 000 
-0 .. 72:::: 

0 .. 205 
0.216 
0 .. 204 

-0.776 
0 .. 2::::·;;· 
o. :345 

NA2Cr 

1. 000 
-0. ::::0(:. 

-0 .. 24:::: 

> 
Signicant values . 7 

CL 

1.000 
-0.10(:. 

-0. 1 o:::: 
o. 9::::o 

-0 .. 293 
-0 .. 29~i 

~<2Cr 

1.000 
0.103 

1.000 
0.774 
0. ::;::(:.4 

-0 .. 10:::: 
0 .. (:.77 
0 .. ~50(:. 

1 .. 000 

105 

FE:20:::: 

l.OOO 
0 n 7:~: 1 

-0.:230 
0 .. ·::105 
()a 2~5:::: 



FE20~3 

4 .. 2 

4 (i 

3 .. 8 

.. ::. .. b 

3 .. 4 

106 

n··-·······-·--··-··-···--··-·---·······---···---r--·········-·-····-·---·--···········-·-·-···-·--·········-r--·--·--·-······--··--···-····-·-··················--·---,·-··-·---··--····---········-·············-·········: ... : .... , ..... ; 
~ I 
' i 

I
~ I 

01 w24 j 
~- Ill Ul :;;-: 2 :2: . 

I l·i 

::?:~? Ul 2 01 

Hl Ill 

r · 1 

~ • • 1 
I-
I 

l . 
LL .. 

:.::. .. 0 ·-:.: :•:t 

·-'•..:..... 

~ 
------·--------J---·-----·--··----·---'--------·------L.I 

:~:. .. 4 
Cf.)O 

-:; L 
·-' n L-' 

11 
_: r 

------·----,-------r-·-·-------Tl 

II 1 
I 

1 
·i 

-21-
I 

i 
1 

I 

I ill 

-3 I 
-4 r 
-sl __________ ___.J __ 

m2 

I 
I 

I 
I 
I 

·----.LJ 

HI Bl Bl Ill 

2 
Bl Ill 

22 IIIIi m 

m 

-6 -.q. .--. -..:: 0 2 



FE2Ct:3 

r·l-···-----··--·------·--------·-r-·-·---------····-·-··--··---~----··-·----·-·---·--r----

i 1-
J. I 

I 

I 
0 i-

l 
I 

I 
-1 r-

1 

I -:2 ~-

1 

-:; ~ 
Ill 

-4 ~ -~ 

Bl 

m2m 
Ill Ill 

22mmmmm Ill 

107 

r··-·--·-----~:Tl 

gl 1 
I 

I 
1 
l 

i 
-I 
I 
I -5 ~ •2:c-• • . 

LJ __________ _L _____ _j__ -----~.--_ ___.___.J_ _____ j 

rr----
1 I 

1 r 
I 
I 

0 ~ 

I -1 r 

-2 ~ 
I 

I 
l 

-3 t-

1 

-4 t-

1 
l 

-s r 
-·6 

--::! -4 
V2Ci 

Ill 

IIIII IIIII 

r-, 
L 

m2 m 4m 111 111 

22 111111 II! 

m2 111 

--4 -2 
l'·'lGD 

-2 ·-1 (i 

...,...., 
I I 

j 

II I 
I 
I 

1 
I 

1 

1 
-1 

I 
-1 

I I 
0 2 



l.

f l_ ···-·······-·-··--··-··--··-···--·-····--·····-··-·········----T---······--·-·---·-----·--·················l······--·--·---·-········--··--·--·---·---··-····---··1··-···-···············--···-····-··-::·~····-···--·················-·····-rJ 

0 "- . 
l I 

--l 

-:r --.. ) 

-4 

c:· 
-~1 

-l::.t 

I 
I 
I­
I 
I 
! 

t·· 

l 
l 

I-
I 

I r 
I 
i 
I 

r·· 

I 
t-
l 

!II !II Ill 

m2 

Ll... ... ----·-······----·---·...J 

-6 -4 

Ill 

!II HI 

ill IIi ill 

m 

..j 

I 
I 
i 
I 
~ 

1 

I 
1 

·------·---~-------·----·-------··--·l.-·----·-···--·-·--·····-··----·-·----······-··----L-1 

--:~ 0 
f·'iGO 

10 8 



109 

C::L 
r···r··--·--·---···--·-····-·---······---···---·---~---·---·--·---·-·····--··---··---······--r·-·----·--------,-·-·-··----·-------··--rl 

4 t- . . -1 
I 2 I 

I I 

2 f ·2 : .. : .... • • -1 

~~; mmm Ill ~5m2 -1111 

o I 

I I 

-

2 

r · 1 
-4 1- -1 

L..t_ __________________ ____j_ _L __________ ..LJ 

-4 -L 0 2 4 
l'··~i=~20 



C?~::::E 

C:{~::::E 

CPISE 
CA:::;E 
C:A::::E 
C:A::::E 
c:A::::E 
C:A:::;E 
CASE 
CASE 
c:A::::E 
C::ASE 
C:A::::E 
CASE 
CA::::E 
C:ASE 
C:ASE 
C::ASE 
c:A::::E 
C:A:::;E 
C:ASE 
C:A::::E 
CP 
c:1 
CASE 
C:A::::E 
C:ASE 
CA::::E 
CASE 

1 
-

..::. 

.-. 
.:· 

4 
= _) 

(:.• 

7 

10 
11 
12 
1:::: 
14 
15 
16 
17 
1:::: 
19 
20 
21 

2:::: 
24 
.-.c::-..::_._1 

2/.:. 
27 
2:::: 
2'~' 

Third Anhydrite 

P-15::::-63 
F'-158-64 
P-1.5::::--65 
P- t 5::::-6/:. 
F'-1. ~i::::-(:.7 
F'-15::::-.::.:::: 
F'-158-/::.,'i' 

F'-1 ~5::::-?0a 
F'-15B-71 
P-15S-7:2 
P-15B-7:3 
F'-15S-74 
P-15S-75 
P-158-76 
P-15S-77 
F'-15::::-7:::: 
P-15::::-79 
P-15::::-::::o 
F'- 15::::-:::: 1 

F'-1 ~i::::-::::2. 2 

F'-158-90.2 
P-15B-91 

P-1 !:;i::::-·::'2a 
F'-15:3-'i':::: 
P-158-'7'4 
P-15B-95 
P-1. ~iB-9:::: 
P-158-99 

0 .. o::::o 
o. o:;;-::o 
0.005 
Ow010 
0.050 
0.005 
0.005 
0.005 
Ou005 
0.0:1.0 
0.005 
0.005 
0 .. 005 
0.005 
0.005 
0.005 
0.005 
0.005 
n 005 
0.005 
0.005 
0.005 
0.005 
0 .. 005 
0.010 
0. (H)~i 
0 .. 005 
0 .. 005 
0.005 

C::OMBH20 

0.550 
Ouf.:.lO 
0./.:.lO 
o. f.:,/.:.0 
0 .. 550 
0 .. 032 
0./.:.BO 
0.710 
0 .. 6:30 
o. o::::7 
0.430 
0.480 
o. 3{:.0 
0. 4-/.:.0 
1. 020 
o. ::::/.:.0 
0.::::20 
0 .. ·::1 10 
0.950 
0.750 
0.770 
0.7BO 
o.::::::::o 
0.910 
0.750 
0.730 
0.790 
o .. ::::1.::..o 
0.71.0 

:::;c,:::: 

~:::; :.:: n 4 :;:: 0 
~;4 II ~~~·5() 

~i2. 040 
s::::: .. o::::o 

~56 .. ·=·l 0 
':57 a ::::::::o 
':i7. ::::/.::..0 

~5::::. 460 

~;:;::. 110 
5B.4l0 
57.:350 
5::::.710 

5:::: .. 720 
57 .. 7::::o 

5::::.410 

57 .. 2{:.0 
5::::.7:1.0 
5::::. ::::60 
58.770 

110 

41" 7:~:0 
4:1." ~~60 
41 a ::::oo 
41..5/.::..0 
41 a 1 ~;o 
41.220 
41.470 
41.::::90 
41 .. 220 
45.090 
4-1 u 140 
41. ::::oo 
41.050 
40 .. 7::::o 
40.970 
40.:3:20 
41 .. 220 
41.050 
41. 1·:;;·o 
4:1. .. 1/.::..0 
41 .. 2BO 
41.300 
41.120 
41.220 
41.140 
41.150 
41.740 
41..150 
41.:350 



111 

C::l._ I\·1NCt FE::~?o:::: !viCiCI NA2Ct 

C::A::::E 1 <)" 04~l 0. oo:::: 0. o~-;-::4 0 .. o::::o o. 0:35 
C:A::::E 2 0. 046 0. 004 0 .. 024 0. 0~52 0. 03!:i 
CASE .-. 0 02:::: Oa 002 Oa 024 0 .. o::;::7 o. 030 ~.::· a 

C:ASE 4 0. 017 0. 002 0. 024 0. 02!:i o. 02:::: 
C::A::::E t:::" 0 .. 012 0 .. oo:::: o. 026 0. 037 o .. o:::-::4 -I 

C:A::::E (:. 0. 012 o. 002 0. 026 0 .. o:::::7 0. 022 
C:A::::E ·-y 0. 01:::: 0. 002 0 .. o::::o 0. 028 o. 020 / 

C:A::::E :::: 0 . 016 0. 002 0 .. 022 0 .. 020 0. 022 
CA::::E 9 0. 01.4 0. 002 0. 020 o. 02:3 0. o:::-::o 
C:A::::E 10 0. 016 0 . 002 0 .. 047 0. o::::3 0. 0:2::::: 
CA::::E 1 1 0. 016 o. 002 0. 042 o. o::::o 0. 035 
CASE 1 ·-=· . ..:.. o. 01 1 o. 002 0. 022 o. 01:::: o. 020 
C:ASE t·-=· ·-· 0. 01/.:. 0 .. 001 0 .. 01 1 0 .. 01 1 0 .. 020 
CA::::E 14 0. 023 o. 003 0 .. 064 0 .. 057 0 .. 02:::: 
C:ASE 15 0. o:::::::: 0 .. 001 0 .. 0:39 0 .. 017 o. 050 
CASE 16 o. 047 0 .. 002 0 .. 160 0. 0/::..2 0 .. 054 
C:A::::E 17 0 .. 027 0 .. 001 0 .. 02:::: 0 .. 01 1 Ou o::::1 
C:ASE 1·=· ·-· 0. 01.4 Ou 002 0. 054 0. 022 0. 031 
CA::::E 19 0. 0:31 o. 001 0 .. 02'::} 0 .. 01 1 o. 0:35 
C:ASE 20 0. 01 1 0 .. 001 o. 073 Ou 02:::: o. o::::o 
CASE 21 o. 01:::: 0 .. 005 0 .. o::::9 0. 010 o. o::::1 
CASE . -.. -. 

LL 0 . 012 0. 001 0. 01. '"i) 0. oo:::: 0 .. 022 
cp,·· 2:::: 0 .. 01.0 o. 004· o. 034 o. 010 o. 027 
r··l -·1 24 0 .. 01 1 0 .. 001 0 .. 017 0. 007 o. 02:::: 
CA!::;E .-.t:::"' ...::.._. o . 014 0. 001 o. 047 o. 022 0. o::::1 
CASE 26 0. 012 0. 001 0 .. 044 0. 01:::: 0 .. 02:::: 
C:ASE 27 0. 019 0. 001 0. 02/::.. 0 .. 01 1 0. 022 
CASE 2:::: 0 .. 01/::.. 0. 002 0 .. o::::o 0. o:::::::: 0. 022 
CASE 2'7' 0 .. <)25 o. 001 0. 029 0 .. 010 0 .. 0:30 



CA::::E 
CA::::E 
C:ASE 
CA::::E 
C:ASE 
CASE 
CASE 
C:ASE 
C:A::::E 
C:A::::E 
CA::::E 
CA::::E 
C:A::::E 
CA::::E 

CASE 
C:ASE 
C:A::::E 
C:ASE 
CASE 
CASE 
CASE 
C:ASE 
cr 
c:. 
CA·::::E 

C:ASE 

CASE 
CASE 
C:ASE 

i 
-
~:. 

4 
5 
~~. 

7 

10 
1 1 
12 
L:: 
1.4 
1~i 

1,::. 
17 
1:::: 
1 'i' 
20 
21 
22 
·-:··::· .a:_._. 

24 
.-.c:::-
L·-· 
26 
27 
2:::: 

t<2C:I 

0. 0 1'7' 
0.01/ 
0.015 
0.015 
0.029 
0.017 
0. 01~~ 
0.017 
0.017 
0.017 
0.023 
0 .. 02~~ 
0.017 
0.009 
o .. o::::~::.. 

0 .. 02:::: 
0 .. 011 
0 .. 02:3 
0.012 
0 .. 029 
0 .. 010 
0 .. 004 
0.012 
0.007 
0 .. 022 
0.021 
0.010 
0 .. 017 
0.009 

0 .. 027 
o .. o:::::::: 
0.052 
0. 04:::: 
0 a o::::·:;t 
0 .. 040 
0 .. 0::::7 
0.036 
o. o:::::::: 
o .. o::::4 
o. o:::::::: 
0.032 
0.027 
0.015 
0. 01~· 
0 .. 017 
0.01.6 
0.014 
0 .. 01B 
0 .. 018 
0 .. 020 
0. 02:::: 
0.020 
0. 01:::: 
0 .. 02:::: 
0.024 
0.024 
0 .. o:::::::: 
0 .. 017 

0.050 
0 .. 025 
0.060 
0.090 
0 .. 02~i 
0.050 
0 .. 050 
0. 0~~0 
0 .. 02~i 
0. 100 
0. o::::o 
0.025 
0.110 
0.025 
0 .. 025 
0.025 
0 .. 025 
0.090 
0.070 
0. o::::o 
0.500 
o. 150 
o. 1::::o 
0 .. 130 
0.5BO 
0.650 
0.150 
0.025 
0. 110 

l]RC;C: 

0.047 

0.046 

112 

GYP 

-=.. ~::..~-;::o 

.:::.910 
L..9l0 
:::. 150 

1. ~;::::o 
.:: .• 240 
3.390 
·=::. 0 l 0 
1. 770 
.:::. 4::::o 
2 .. 2·::'0 
l. 720 
2.200 
4.870 
4 .. 100 
:::: .. 910 
4. 34·0 
4 .. 530 
::::a 5::::o 

::::.720 
4n20(i 
4 .. 340 

::: .. 4::::o 
:::: .. 770 



CA::::E 
C:ABE 
C:A::::E 
C:A::::E 

CA::::E 
CA::::E 
CA::::E 
C:ASE 
C:A::::E 
C:ASE 

CASE 
C:A::::E 

CASE 
CA::::E 

CASE 
C:A:::;E 

CA::::E 
C:A:::;E 

CASE 
C:ASE 
CASE 
C:ASE 
J-:p 

~=-l 
~=~A~ 
C:ASE 
CA:3E 
CASE 

CASE 

1 
2 

4 
r:::· 
·-' 
6 
7 
,-, 
·=· 

10 
11 
1 .-, 

..::. 

1 ·-=· ·-· 
14 
15 
16 
1.7 
1:::: 
19 
20 
21 
2:2 

24 
~-.c 
L.., .. _t 

26 
27 
.. -.. -. 
L•=• 

ANH 

::;::::::. ::::.::.o 
·;· 1" 1 :~:0 
::::.::.. 1 ::::o 
::::7. /::..70 
:;::::::. /:..70 
9::::. ::::20 
·::ll:J ... 020 
·::;·4. 790 
9{:: ... 000 
9B. :::::30 
97.770 
9::::.:370 
9::::./:..70 
97 .. 070 
95.4/:..0 
94. 2~::00 
96 .. 1:30 
9~i. 660 
96.250 
95.410 
96. o::::o 
9(:: •• 650 
95.990 
96.620 
94.520 
97.070 
9t: .• (:.50 
9B.570 
·;::.·?. ::::::::o 

::;. 470 

7 n ::::::::o 
.:: ... 710 
0.019 

.::~ .. 200 
1 .. 230 
o .. 4::::o 
0 .. ::::::::o 
O .. O~iO 

0.090 
0. 1:30 
0 .. 100 
o .. 2~~.o 
0 .. 170 
0 .. 400 
0 .. 100 
1. 2~7::0 
0 .. ::::90 
0.014 
0 .. 360 
0.005 
1. ::::::::o 
0.040 
0.910 
0.020 
0.2/.::.0 

0" O(:ocS 
o .. o!::.,~. 

0" 0~)(::. 

0 .. <)!5:3 

0.045 
o. o.q.1 
0. 03:::: 
0.041 
0. o:::::::: 
o. 04:3 
0.066 
0. o:::::::: 
0 .. o::::::: 
0.052 
0. O'i15 
0.100 
0.05:::: 
0. 05:::: 
0.066 
0.056 
0.05B 
0. 04-1 
0.051 
0.043 
0.05B 
0.043 
0.041 
0.041 
0. 05t:. 
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l'-'l I!'·.~ J J·!!Ui'-'1 
l"l i::i X 11'~1 U 1'11 

N UF CASES 
1'·1 I 1\i I 1'·1 Lll"-'1 
I'~IAX lJ'tilJI'-'1 
1'-'IEAI"~ 

STANDAFd) DE\,1 

1··~ DF CfiSES 
1''1 I l\j I l'-'IUI"I 
1'-'li~ X I I"IU!vl 
1\iE::AI'.J 
STAr,jDAI=<D DE\l 

N DF CASES 
1'~1 I 1'>.1 I i'-'1 U 1'-1 

r"li~ :X: I r~IUI"I 
!"lEAl\~ 

STANDAHD DE~) 

0.050 
0. O(>E: 

O.O:lU 

'29 
U.001 
(in (>0~5 

0.002 
0.001 

0.01.4 
0. 0~52 
0.028 
0.011 

Cl4C:D:.::: 

29 
0.005 
8. 6~i0 
1. 7:.:::8 

CUI'-'IBH~?U 

1. o:~:::o 

0.011 
0.160 
o. o:.:::·? 
o. o:zE5 

0 n 0~~5 

0. 6~.i0 
0.121 
o. 164 

o. o:.:::B 
0.100 
0.05:5 
O.O:l6 

!:":12 n 040 

2.021 

J·:rEiD 

o. ou:.::: 
0.062 
0 .. 0:24· 
0. O:l5 

0.046 
0. 09::::: 
0.062 
0.027 

4~~-i. ()0:)() 

_,:,. J.. ::::;~j6 

() .. 0:20 
u. o::;4 

0. (H)!] 

4. 87'0 
::::~. 278 
0.868 

1<2[.1 

0 • (H)Ll 

o. o:::::6 
0 u 0:1. ·-/ 

0.007 

~iNH 

86 .. l8t) 



TOlAL OBSERVATIONS: 

l\l U F C (i ~; E:: ;::; 
h: t'~i 1'-j G E: 
\i p, F: I (::·, j\j C E 

N 0 F. C ~i ~::; i:.=:: ::::; 

1::;: f.~ 1'-j l:j E 
1'.)t4F~: I f:ii'..JCE 

N UF C:f~SES 

HAI\JGE 
J...)r~·1F~ I (:.1NCE 

N OF CASES 
F:ANGE 
\iAR I c::1NCE 

0.000 

0.004 
0.000 

SF< 

29 

0 .. 000 

cAco:5 

29 
8. 64·5 
7 .. ~~;07 

CUI"!BH2Ci 

o. o~;B 

FE2o:::;; 

:~~9 

0. 1-W-i 
0.001 

;-. 
w 

2':;! 
0.625 
0.027 

29 
0.062 
0.000 

SCI:~; 

0.059 
0.000 

CII~GC 

0. 04".7 
0 .. 001 

.-:j u ]"_./"(i 

0.054 
0.000 

GYF' 

,-· .. --· . 
• .::. -.r 

:::::. ::;40 
0 .. 75:3 
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Cl.._·. 

0. ()00 

i<2(J 

0.000 

12. "/00 
11 . 75~5 



:::~ C:t ~~:; 
c.~D 

CL 
l'i i'·.j [I 

FE2D:S 
IVIC·U 

1\Jr:::.~~u 

K2D 
SP 

i1GO 
I\JA20 

1<2U 
SH 

1 " ()()0 

(.l" O:i.() 
-0. :.~::~::: 1 
-u . .:1.:27 

-0 n :::::c/8 
-0.181 

-0. ~-527 
(:.. 200 

1. 000 
0 .. 245 
0.612 

-u. LJ-8~i 

NUMBEH OF OBSERVATIONS: 29 

CAD 

1 n ()(}() 

-0.087 
(). 140 

0.041 
-()It :26 -;1 

-U.055 
o. :2t=.rJ 
On 126 

I'-.IA20 

1 .. 000 
0 .. 290 

-0.420 
-0. 1:39 

Significant values, r > .317 

CL.. 

1. 000 

U. l E.:4 
-o. 1 s:-4 
--0. 4:.::;7 

J..OUO 
o. 188 

:t " UC•C• 
(l n l ~S5 

0. 0:1. )' 
Un2J4 
0. 1.~44 

-(). 1·.? :t 

1. 000 
-0.1E>U 

116 

1. uuo 
u. 4~5~.::; 
0.609 
0. ~.i~ ::::; 

--0.428 
o. o:~:;g 

,·-. 
,::) 

1. 000 



::::():3 
C:AC:r 

CL 
1'"1NC:r 

FE2()3 
1'"1GC:r 

NA20 
K2CI 

::::R 

t1C~r:::r 

NA2C) 
K2CI 

::::R 

1.000 
0. 04-0 

-0.272 
-o. 4~;o 
-Oa 0~~9 
-0.447 
-0.342 
-0 .. 271 
-0 .. 2(:.(:. 

MGCI 

1. 000 
0 n 14-2 
0.448 
0.41:::: 

-0./.:.01 

NUMBER OF OBSERVATIONS: 29 

c:AC) 

1 a 000 
Oa107 
o. o::::7 

-0. 4.::.7 
-0.072 
-0 a 2(:, 1 
--0 a ::::41::_, 

0.437 
0. 117 

NA:~:t] 

1.000 
0 .. 214 

-0. ::::·:;-1 7 
-o .. o::::9 

C:L 

1.000 
-0.017 

0.0(:.5 

-0.059 
-0. 12{::. 
-0.402 

~<21] 

1. 000 
0. 1 ::::(::. 

-0.::::::::9 

!'-1NO 

1. 000 
o. 105 
0.512 
o .. 0::::9 
0.071 
0 .. 344 

-0.::::4:::: 

1.000 
-0.150 
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FE20:::: 

1.000 
o. ::::::::4 
0 u ~147 

0.3(:.1 
-() .. :~:·::;5 

o. o::::4 

1. 000 



.:::· t::'" 
-._1 .. ,_1 

/ t::" -o • .... J 

-7.0 

118 ' 

n-----·-----------·-··-·-·-r---·-·------··-··---·-··----···---·······--~····-·-··-····----··-·--·--·····-···-·············---~····-····-····-·---·-· ·-·-···-·-··-·-···-···--------~~-~ 

l -1 

I I 
~- Ill Ill ill ~ 

f .. ·::.; . -1 

~ 
[ 
-6 

II 

II 

II HI II 

2 
Ill 

2 HI 

II II ill 

Ill 

~ ____________ ...J.._ _____________ ...L ________ ·---· ".J 

II 

ill 2 

Ill 

HI 2 

-·4 
j'-'jl:j(] 

3 

!II II 

3 Ill 

Ill 

.-. ..::. 

ill 

Ill 

IIIII 

II Ill 

!II 

__ _.__ _____ ..._ ______ ___J_ _______ _j__ 

II 

1 
I 

I 

j 

I 
I 
i 

J _ __ ..~-J 

r.::· ~::.- -5.0 ---4. ~; -4.0 
K2D 

-..J • ..J 



CL 

FE2U~5 
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.-··, r.:-
-..:: .. \ .. .1 

~T-·---··-··-······--·---··--·---·---~-·-·-···--··-··--------·---~·-·--·---·-··----~----·------,---·-·------r---~ 

I I 
l . ~ 
l I 
l I 
!- 2 Ill -1 
l I 

1- . 2. • i -:r c· 
-._)a ,_J 

I I 

t,l- 2 ;: Ill Ill Ill j 
m 2 

2 Ill HI II 

-4.0 

r · · · · l 
Li. _________________ L ___________ _j_ ___l ________ I ________ _L 

-4a5 

-5n () 

-4.0 -::::." 4 
Ni~2D 

-::-::: .. () -2.8 

rr-------T 

-1 r 
I 
I 
I 

-2 r 

-3 ~ 
i 
I 

-4 I 
I 
I 

Ill 

:2 
ill 

Ill 

Ill 

-5 l ___ , ____ _j _______ .J_ 

-4.0 

ill 

Ill 

Ill 

Ill 

2 

r") 

L. 

Ill 

II 

3 

. .1..-______ L__ 

--~~; n 4 
Ni=~2D 

II 

Ill 

l 
1 
I 

~ 
I 
i 
I 
I 

____ _L_ __ __jj 
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Appendix II Thin Section De~cription~ 

Stratigraphic top was known only in hole P-918. Thin section 

are from apparent 

!···tole. In sections are described in order 

f rc1m bor-E:·hol e l ~58 a clt::·pth of 

approximately 76 feet. 

Thin secti or1s. ~-\Jer-e c!Elscr-i bed and cl ass.i f i E~d on the bas:i. s o+ 

te::-~ t.u.re a.nd mineralogy. Textural descriptions were based on the 

schE·Olf:? of !'-·1ai kl em et al. ( 1.96'7'). 



121 

Borehol F:? ~3:!./::: 

250 m (830 foot) level 

Coordinates: N 1631 ft. E 4516 ft. 

Total depth: 250 feet 

F'-:316-:1.0 texture microcrystalline; 

i sol at.E~cl 1 i::t.t!-·~-~-haped c::.:?:\1 c::i te· veinlets 

of secondary anhydrite crosscut calcite; anhydr-ite 

pseudomorphs atter gypsum. 

F'-816-30 nodular, texture microcrystalline to 

fel tE·d and aligned-felted; isolated bl ock;l p.:?-.tchE·~- ... t::" 
•• •.• _1 

car-bonat.e; h.::\l i te f i 11 ed vug~., ·· .. 1 %; ~ 1 % organic; 

recrystallized anhydrite around vuqs. 

F'-816-40 c:ontcwted; 

microcrystalline to blocky; carbonate 5 %; organics ~ 1 ~. 

f;nh '-·'dt·- i te --···-L-·-··-····--·-
n CJ d u 1 a r··· ; t r.:• ;-:: t u r- e m i c r· o c ,,- y s t a l l i n e to 

b 1 OC ky; 5 /.' d a.r- k internodular; secondary 

anh'·-/df .. i te C r·· OS~-C: Ll t ~- calcite, 1-2 mm 1.-'.si de, 

recrystallized; pyrite ~ ~ 1 %. 

F'-816-60 nociulc:tr·· to 

microcrystalline; dc:r.r k bro~r,tn, 
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F'-·-E: :l h---7Ci noc:i u 1 .:-:tr .. ·:;::. t: '/ 1 D 1 i t: :i. C.~ ; 

microcrystalline with i S~-D 1 i:·~ t f:?C:l blocky and lath-shaped grains; 

F'-8l6--f30 noc:lu l C:\r- to ~=-t\/lCil itic; 

microcrystalline with i sol a.t.ed blocky and lath-shaped grains; 

ot'"gani cs r:::· ...... 

nodule growth; pyrite < l%. 

P-816--9(:, 

calcite 60 %, reddish-brown, 

d:i. sconti nuc:.u~., pulled 

rect-··-.,.-stall i zeci, cor .. ,ti nuous 1 arn:i nae 

up to 0.5 mm wide, displaced by the growth of anhydrite nodules, 

calcite replaces anhydrite; anhydrite 2(! nodules lz'Ji th sul·=:t-

felted to b 1 ocky te;< tur··es; ot·-gan i c 20 to abundant 

quartz silt; pyrite < 5 

F'-816-100 noc:lu J. ar-; 

texture microcrystalline; calcite 20 %, brown, recrystallized, 

continuous; organics 10 h; 1 

crosscuts laminations, coarse, b 1 oc k·i, 

"/ t1 :n, secondary anhydrite 

no inclusions of organic 

material, high birefringence under crossed nicols. 

P-816--110 noc:lul ar-; te;.::tur··e microcrystalline; 

calcite 10 .t .. , laminations and single grains 

1,.-..,1 h i c h r- f.? p 1 a c e an h ···/ d r .. i t e ; or- g an i c ~- <. !:i .iu ; p ·y.- r- i t e ··.. <. 1 i:; \leinlet.: 
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filled with secondary anhydrite crosscuts laminated calcite. 

nc)d u l at- m1crocrystalline; dol orni t.F:.-:: 

nodules; calcite 35 %, brownish-

1 E~.in i n i::t. t t:?d a.nd 

associated pyrite ·= .. 

filled with secondary anhydrite crosscut l a.mi nat.E?ci C:i:3.lcit<::- <.~.nd 

an h '-l cl r- i t E· • 

F'--8 :i. 6-130 

blocky; dolomite < 

calcite c:· 1:1/ 
,_I /u , 

nodular; texture microcrystalline to 

~~t-·.3i ns in anhydrite nodules; 

\/t--::;i n 1 et ~~-

filled with blocky, secondary anhydrite crosscut laminations. 

P-816-140 nodu 1 E1l'-; texture microcrystalline; 

dolomite < l%; organics < 5 %; veinlets filled with 

co·='=' t·- s e , b 1 o c k ···/ .::~ n h '--/ cl r- i t e c r·· o s. 5:. c u t car-bon at e . 
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250 m (830 foot) level 

Coordinates: N 1108 ft. E 2716 ft. 

Total depth: 250 feet 

nc1dula.r microcrystalline; 

CEtlcit.f.:'• 

anhydrite; pyrite ~ ~ 

that crosscut laminations. 

F-918-21.5 

iosolated blocky; calcite 30 h, laminated and replaces anhydrite; 

organic 5 %, streaky~ ~ 1 ·= .. 1 % pyrite; secondary 

anhydrite fills veinlets which crosscut laminations; anhydrite 

pseudc1mc:.r-phs aft. er·· gypsum. 

P-918-23 .. 5 Bi omi cr·· i te biomicrite crosscut by ve1nlets 

filled with coarse, acicular anhydrite; organic < 5 %; pyrite < 1 

~~; f 01' .. driiJ. n if er·· ct Etnd D~.tr a cod r-emain~ .. 

la.mi na.tc:·d quartz silt a.nd cc:rrbonate i<·;~i th anhydrite nodules; 

bi omi ct-i te, f o~.~.i l if er-ous, ostr·acod and foraminifera remains, 

crosscut by sparry calcite veinlet, cont i nu.e~. into uncif?r 1··/i ng 
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siltstone; siltstone 50 % quartz, 25 

underlying layer: laminated qu.a.1'"·t.·z -~:;i 1 t organic material~ 

into 

erosional contact between laminated ~::; i 1 t 

silt laminated carbonate are crosscut by 

veinlets filled with coarse, secondary anhydrite. 

F'-9 :1. 8--2"?"" ~:_:; Lam i n at: e d c .:.:t r·· b cJ n c-:1. t E? ~\I :i. t h ,::, n h '.-· c:i 1, .. :i. t e n o d u l e s --------------------·------·-------·-··-···---····-·-····-·····--------··--·----······--·-·-·······-··--·-···-···..r·-·-····-·----·-············--·······-·--····--···--·-·-· 

anhydrite 30 %; texture microcrystalline; calcite 50%; texture 

r- e c r- y st. a l 1 i z E~ d , y e 1 l o l•'-' i ~-h-b l'- o 1.1" n ; o ,, .. g an i c ~- 1 ~i ~~:. ;; p y r·· i t e < ;:) 1-.. .. 

P-91B-3:2 

microcrystalline; 

anhydr-ite; or··gan i c .·• c::-
• ••• ..__! i~; 

nociul ar-

patches of 

I" """, 

mos.::tic::; 

calcitE· 15 "/ " 
.'n !I 

filled ~~ith 

blocky anhydrite crosscut calcite. 

P-918-·:::::~s. ::; nodule:,;-- anhydrite associated with 

clast1c material; microcrystalline anhydrite 50 %; silt-sized 

u_.: u 
.In, or--qan i cs 15 clastics crosscut b·y· 

veinlets filled with secondary anhydrite. 

n C:) c:! u 1 a r·· ; 

block·/ and grains; calcite 20 %; primary 

laminated; secondary replaces anhydrite; organics 10 h; pyrite < 

5%; fractures filled with secondary anhydrite crosscut carbonate 



c,::;}c:::lt.E· /U 

u/ u 
/n !l laminated and replace 

.-·,,:::· ::c_.: " 
_,::. •. J ..-~1 ' texture microcrystalline; 

l .:::trn :i. n a_ C:?;; 10 

filled 

P-'7'18-42~ 

1.:;/ t.: 
/n , d i ~-r·upt<-:-:·d, 

with 

126 

1 \," 

v.Ji th qua.r--tz;; 

block·-,..-

c,7.~.l c i t.e 50 and replaces anhydrite; anhydrite 40 %; 

microcrystalline; nodul r.~s d i ~-P 1 Etc.: i vel ···/ 

or--<;.~a.nic 1 a.mi n.a.e; 

t.Pxtu.r .. e L!l DC k . ..,/; 

nodules displace calcite; 0 ,, .. g an i c s :::_:; /n , 

F--9 :1. ~:3--4:5 l a.;n:i. nat:.ed to 

or •:;~ani. c i::. n • .: 
,_J -~" , 11-Ji th 10 % silt-sized quartz; 

F'-·9].8--Lj.Cj' 

l.s.m:i. na.tE·d; microcrystalline; calcitt?:? 
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J /u u 

!_;,t:i. 'l::.h 

nic::ols:., i r·~ c: J 1 • ..1. ;:== i D r ! ~:::. 

c a. 1 c:: :i. t e ~ C:rf 

bl CiCk'/ 1;\li th 

1 .t::r. m :i. n i:Oi. -!::. :i. C::t n s a.nci microcrystalline; c~dlcite 

coarse, secondary anhydrite crosscut calcite laminae. 

F'--'? lB-5\~ contact between coarse, 

and distorted~ laminated micrite with anhydrite 

p·y"ri t.e · .. 

crosscut micrite; 

int.r .. c:la~:::.t·:::. :i.n micrr·:i.tf:::, 

r_·)("; n./ u 
.1 ••• • •• • .•~::, fragmented and contorted 

.•• !::..- u •. .: 
•·•. -._1 /nIt 
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(in l···~ \'C.i !'. 1 -r.: E' 
··-·-·-·-················--·----··-····-- texture microc~ystalline; 

lam1nated and ~eplace t:=- 1!/ tS 

':.-i ,:" !' 

P·--91 E3-6 ~7 

c: .::=t.1 c:: :i. t. e --~i-0 

P--·:;; J. 8--68 

c::E:~Jc::ite 20 c::tf 

F'--9 J i3-·69 a 5 laminated; texture microc~ystalline; 

C:: Dri t :i. r·t D!...t·~:. anhydrite contains 

1 inrn" 
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250 m (830 foot) level 

Coordinates: N 1071 ft. E 4142 ft. 

Total depth: 845 ft. 

l:::rr··ov,tr··, ~===- :i. 1 t., 

fibroradiate clusters; ~ 5 ~; halite 15 %; anhydrite 

F'---~3::::::6--30 

~5-:!.0 l-3.th--:::-hapE·d and blocky; anhydrite recrystallized around 

halite-filled vugs; carbonate 5 %; halite ~ 5 %; orqanics 

f""l C)Ci U 1 -31' .. , t E· >=: t: u ,,.. e 

fibroradiate clusters; carbonate 

nodular; texture microcrystalline to 

i -=:-C:i 1 Et t t?.d 

halite-filled vugs; 
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t·.(-:·:-:•/ t.:UI' .. C::; 

felt.E~d C:il :i. gnE·d-+el tt::.·d 

anhydrite around vugs; halite 5 

pseudomorphs after gypsum. 

C: C)n t Of .. t f:?d; 

microcrystalline to ·feltt::.·ci 

\lUg~.; 

halite 5 %; organics 

nodular; texture microcrystalline to 

microcrystalline to .•n !i h -3.1 i L E· 1 0 /. ; 
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t. \·:·:':>:: t:L\i' (·:·? 

anhydrite associated 

with vugs; halite 

l.r,J:i. t.h h 1 uc: k-y: ~ 

P--E86·-··1-40 nodular; texture microcrystalline tc) 

dol C:troi te stained reddish-brown, 

j···12.1 i t e + i 1 J. ed 

danburite nodule, 0.8 mm, or·· g .::.~.n i c: laminae; anhydrite 

pseudomorphs after gypsum. 

F'-886·-150 "!:::.t.?.::-::t.l...tl' .. t.:, m:i. c:r··oc:r····:·/S:.tE:lll i rtt:! t:\ti t!··, 

fibroradiate clusters; c!c:JJ. Ctmi i::.e associated with halite-

F'-886-1 f.::.Ct d :i. ·::::.t. or-·· t ec:l;; 

microcrystalline with 

with halite-filled vugs; 

Ctrg2.ni c:s. ci 2. r·t b U. t ... i t. E: f""l D d U 1 \·:7: , 1.5 mm, colliform~ displaces 
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blocky asoociated 

with halite-fjlled vugs; !· .. , i:":"t J. :i. t.c· ... 

c! :i. -~::. t~ C) , .... t F:~' cl ;; t E~ ::< t u r · e 

microcrystalline with fibroradiate; carbonate 1:::- l:/ 1: 

• .. J /n !I 

F'·--88h-170c.t nodul C.tr .. , 

fib r .. C)r .. -~d i ,3. t:. e; do 1 om:i. te h<:~l :i. t.e :i.C r;::- "/ a 
•• _.1 .:., ~ 

P--8t'36-180 

fibroradiate; dolomite ::_:_:. .iu , h Et} :i. t. E• 1%; organics ~ %; anhydrite 

F'-8B6-1 t1·0 

f i b r ... C)r-· a. d i 2. i:::. F:!; h.::il :i. t:E~ t:::• c_.: u 
• _ _i .'1: ~ 

anhydrite replacement c: iT: 1 C.')r-J fJ , 

overgrowths separated by organic layers. 

microcrystalline; 

calcite 15 h' replaces anhydrite; halite t:::- ".J.; a: 
._t /n !t 



t:::~ 
Jn :: 

cl c• 1 c::.rn i t c-:· 

j_ i 

microcrystalline; carbonate 

with halite-filled 

134 

microcrystalline; 

microcrystalline; 

u/ u 
.:n , 

c:i :i. ~~t-~ C) I'. t E!c:l; 

5 %; halite 1 ~; orqanics , 1 %. 

microcrystalline; 

c!c::rl c::tm:i. te :s with halite-filled 

c:· =l 
·._t /n a 

.l .. ; hc~lit_f:.~ 5 

c:: ;::,_r-· bon-~~- t. e r./ a 
/r:, 

i 
.L 

t e;-:: tut···r::-.::- microcrystalline; 

microcrystalline; 
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Tota] depth: 979 ft. 

m ~) ·==~· ~=· :i. \/ e ; textur·e microcrystalline; 

lath shaped crystals 5 ~., organics ~ 1 %, disseminated and w1spy. 

F' ·-·· 1 ~=.=.:; ::~: -·· h .0::1 t.C) 

microcrystalline and a l :i. <~! n t:? d- f F2 l t E::- d ;; 

by ali ';.lnt.~d-fF.:-!1 tE?d 

te;-::tur··F:..~ m:i. c:r··ocr-,l~-ta11 in.:::._;; 

nodules surrounded by aligned-felted anhydrite; minor laminations 

of aligned-felted laths 1 mm thick; Df(~!anic:s:. 

:l /n n 

nodules surDrunded by << 1 mm thick organic 

nod L\ J .::1 r·· ;; 

aligned-felted anhydrite 
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of lath-shaped anhydrite; 

P--1 ~5f.3--70 nodular .. :; en i c: !'"" o c: r·· -.../ ·::::. t~ Et 1 1 i n E7~ ; 

nodules surrounded by aligned t:h:i. !1, << l mm 

P--1~58-71 

nodules surrounded by aligned-felted i:C~.n c.1 thin~ <.<. lmin, 

C.1 !'". g an j_ C: 1 .:':i \f E~ !'" s;. ; 0 l'. (;_! E: ri i C: ~- <. j_ /,. a 

P--:!. :58-·-"/'2 weakly laminated; texture 

microcrystalline; nodules aligned-felted and thin 

-1 
.1 mm organic layers; weak banding produced by alternations of 

microcrystalline and aligned-felted grains seperated bv orqanic: 

·< ·< :!.mm th:i.c:k; CJ r .. q d n i c:: ~:_; 

F' -· l ~-; t3 ·- )' ::~: 

microcrystalline; 

c::.r-ga.n :i. c~.:. 
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laminated; texture blocky 

riDe! i.J 1 E~~=· very aligned-felted ......... J 
.:::I.J ILl 

with lonq axes parallel .. u,: 
.1. /n a 

F' ·- l ~~-:_;E.:-· 7 b r-~odul ar-; aligned-felted to 

u.p to 

l % with silt-sized quartz. 

-:3.J. :i. gnc·d 

C:t fr C] ;;:,_ r't :i. c:: :::. 

nodu 1 c!r-; t. () 

previous slide; well defined anhydrite pseudomorphs after gypsum; 

r.::· =s.: 
· .. ..1 

nodul c\r .. ; Etl i gnPci-fE·l tE·d ~ 
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·;:::.t.J.f"" r·· DU.CI E•c:i b·y aligned-felt2d grains, 

c:i :i. ·::::. rj 1 ·==~· c F.:: 

w1th 10 ~ angular~ quartz silt. 

u/ 
/l1" 

felted with microcrystalline; c:lef:int:~cl 

nc::.dular 

r.::· 
/n r; 

coarse, lath-shaped 

t: <-::! ;-:: t.: L.t r- e 

microcrystalline to blocky; pseudomorphs after gypsum; organics 

organics very dark brown, 1:::-" 1:/ 
._J /n :S V-.1 i t h q U. i;j. r- t ;:~ ~::.i 1 t. ·= .. 

t:::·u_: 
· .. J /n" 

isolated lath-shaped gra1ns; pseudomorphs after gypsum; organics 
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-- - . . i ,- ., ,.. -1 ·; -1 1 T- • • • • , •• , •1• •••• 1 ............... ·!·· -·· :.. .-.·.· .. · •. ••···1 •1···,, \ .. -. .~c.·!,· 1·.-·· .·i,_ ·1.·.·. ,_··.··."'. J. .::·~ t. j···, ~=~- .~ "f- E• J "1::. E.' C! ·c. D ·t F~ l .. :. i!!:~ C. ~ V (·?:.• r·· ··:/ \A.!(? J. ... C:, E-::• T 1 !" .! 1.'::! '-=! {::\ .!. ... \j ! !Ill:.:·' i I ... 1...! T ·· - -

t (-:::• ::-:: -i::. ! ... \ f !:::~ ~:::. l i ., \/ C: l' .. \/ 

::.:. _.·,. ~ 1/·.J i -!:: h q \..!. ,_::i i'. t ;:-~ ·:;;. :i. 1 -!::. ~:; () -j-- ..... , •'l () '.~:: n 

aligned-felted to 

f <·:::.· l t p d ; p ~==· E-:"!1 . ..1. c:! c:. rn c::. r·· p j···, -:::; E1 f t r:::-:· ,.- (] ·."/ p -:::;. i . ..! iT! :; C) r·· •J ,:-:•. n i c:: ... · 1:::· t:,: 
· .. J /1: II 

aligned-felted to 

felted; organics~ very dark brown, with 10 % quartz s1lt. 
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