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I Sll~INARY

The carbonate geochernistry of the Fairfield GTOUp serves to

dis tinguish the previously recognized forrniltions. The oldest unit, the

Gumhole Formation, is characterized by high 1\1n and rb, and low ~tg values. In

contrast the elemental concentra.tions in the Yellow Drum Sandstone are within

previously determined averages for dolonli.tic and clastic-bearing carbonate

rocks, and the concentrations in the Laurel Formation are average for non­

dolomitic limestones.

Samples from the Gumhole and Laurel Formations can be separated

using agglomerative polythetic programs and Q-mode factor analysis,

demonstrating that the differences in geochemistry, although slight, are

statistic:ally significant.

The only unit with widespread outcrop is the Gumhole Formation, and

within it elemental concentratiu::-'c; vary significantly and show that clastic

input into the basin was greatest in the southeast part of the northerly

margin.

The minor element geochemistry suggests that there has,been

enrichment of Ph and 2n in the sequence, particularly in the Gumhole

Formation.



II INTRODUCTION

This report presents the carbonate geochemistry of the Pairfield

Group (Upper Devonian-Lower Carboniferous), in the Canning Basin, Wester'1

Australia.

During a field survey in 1972 outcrops and drillcore of the

Fairfield Group were sampled for palaeontological, petrological, and

geochemical analyses. The sampling was devised so as to provide effective

biostratigraphic information. Thus there was a geographic bias towards areas

where reasonable sections could be measured.

The geochemical survey had three main objectives: firstly to

determine whether geochemical data. could/ be used to distinguish similar

1ithological units, secondly to provide information which could be used,

together with petrological and sedimentologica1 data, in environmenta.l

interpretation and finally to determine whether enrichment of base metals had

taken place within the lIDi ts studied.

The g'?ochemica.l data obtained were treated statistically, using

polythbtic agglomer:ltive and ordination programs and Q-mode factor analysis

in a successful attempt to distinguish similar lithologica1 units,

Environmental information was gained by comparing means for individual

elements with mean values obtained worldwide for different carbonate rock

types. Cumulative frequency diagrams were used to assess the probable number

of base-metal popu1ations in each stratigraphic~unit.

(i) Reg~onal geology

Tne Canning Basin, situated in northwestern Australia, covers an

area of 450 000 sq km and consists of rocks of Ordovician to Recent age,

described in Guppy, Lindner, Rattigan, &Casey (1958), and Veevers &Wells

(1961). The Fairfie1d Group comprises Upper Devonian to Lower Carboniferous

rocks (Druce &Radke, in prep.) and cr.ops out only on the northeast ma.rgin of

the basin (Figure 1). These rocks overlie and interfinger with a reef

complex of late Middle Devonian to late Late Devonian (late, but not latest,

Famennian) age. They are conformably overlain by Carboniferous to Permian

rocks on their northern margin. In the subsurface, the interbedded limestone

and terrigenous sediments which comprise the ~a.irfield Group extend a.cross

the Fitzroy Trough, perhaps to its southern marg.'n.
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The Fairfield Group consists of three units; the Gwnhole Formation

(interbeddec1. limestone and calcareous sil tstone), the Yellow Drum Sandstone

(sandstone and dolomite), and the Laure] Formation (interbedded limestone and

calcareous siltstone). The latter consists of a relatively thick calcarenite

member, and an overlying shale member; general relationships are shown in

Figure 2. These names are formally erected and the stratigraphy Jiscussed in

detail in Druce &Radke (in prep.).

In the Horseshoe and ]urramundi Ranges, and at Red Bluffs (Figure

1), the Glilllhole Formation overlies, and pTobahly interfinger5"" with, a late

Famennian birdseye limestone considered to be the youngest lagoonal facies of

the reef-complex (Playford & Lowry, 1966; Roberts et al., 1972). Basinward

it over1ies, and probably inteTfiI1gers with the Luluigui Formation (Druce &
Radke, in prep.).

The Laurel Formation is overlain unconformably by the Upper

Carboniferous-Lower Perrnian Grant Formation over most of its outcrop.

However in the area of Station Creek (Fig. 1) and in Grant Range No. 1 Well
o 0

(18 41'30 1lS 125 8'11"E) it is overlain, apparently conformably, by the

Anderson Formation.

The Fairfield sequence is poorly exposed and consequently has

received little geological attention. Previous work has led to differing

stTatigraphic interpretations resulting in confusion and, in some cases,

conflicting nomenclature.

In order to resolve this problem, and to gather fJrther information

relevant to hydrocarbon and base metal exploration in the basin, outcrops

from the Fairfield Group were sampled for geochemical, petrological and

palaeontologicc... l analyses. The ~a.mples were augmented by core from three

continuously cored drill holes (Druce &Radke, 1973).

Samples were also collected from the Burt Range Formation,

Bonaparte Gulf Basin, which is of similar age and lithology to the Fairfield

Group (Veevers &Roberts, 1968). These samples provided a direct geochemical

comparison with those of the Fairfield Group, and also supplied information

additional to that contained in Veevers (1969) ~ because of the slightly

different analytical techniques used. No detailed discussion of the geo­

chemistry of the BUTt Range Formation is included in this paper but the

analyses are included in Appendix III I
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Trough samples were collected every 1,5 m from the 47 measured

sections for palaeontological determination, and from within each 1,5 m

interval Cl representative limes "lone s:unple \Vas taken for petrologica.l

exar.1ination and geochemical analysis, Additional samples were taken from the

3 drill holes, BMR Noonkanbah No. 4, and BMR Lennard River Nos 1 &2, at an

average interval of 2 rn, with a sampling bias toward calcareous rocks, In

all cases the geochemica1 sample consisted of several chips from different

parts of the petrological sample, and had an average weight of 70 g. Five

hundred and sixty-one samples were analysed.

(ii) Analytical methods

The analysis involved the determination of the amounts of eleven

elements (Ca, Mg, Fe, Mn, 51-, Ba, Cll, Pb, Zn, Cel, P) and the insoluble

residue: these were determined in two groups; 1) insoluble matter, Fe, Mn,

Mg, Ca, and SI'; and 2) (u, Pb, Zn, Cd, P, and Ba.

The first group was determilled after digesting a 0.5 g sample with

25.0 m1 of 10 percent hydrochloric acid for 5 minutes at 60-70
0

C, and then

cooling in water. This treatment allowed separate determinations for the

soluble, carbonate fraction and the insoluble, iron-bearing non-carbonate

fraction. Insoluble residue was filtered off, washed, ignited and weighed.

Elements were determined by atomic absorption spectrometry after suitable

dilutions had been made.

The second group was determined by atomic absorption.spectromet:ry

on a. solution prepared by ref1uxing 1 g of sample with perchloric acid for 15

to 20 minutes; final dilution was made to 40 ml. This treatment dissolved

all carbonate, sulphide and iron mi!1erals, leaving only a siliceous residue.

Phosphorus was determined by spectrophotometry, after developing the moly~

bdenurn blue colour by the addition of an acidified solution of ammonium

molybdate containing ascorbic acid and e small amount of antimony.

Two ratios Ca/Mg and ~r/Ca were ca.lculated; the Ca/Mg ratio

highlights variations due to the presence of dolomite, c:.nd the Sr/Ca ratio

indicates variations in the Sr content of· limestones. fhe analyses were made

by the Australian Mineral Development Laboratories under the supervision of

A.B. Timms.
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TABLE 1. GENERAL GEOCHHIICAL STATISTICS FOR ALL UNITS IN 11IE FAIRFIELD GROUP

Gumhole Formation Yellow Drum Sandstone
228 samples 105 samples

Standard Standard
Elements Range i'-lean Deviation Range Mean Deviation

Insoluble 1..2-38.2 13.30 14.97 9.1-97.4 24.61 12.30

Fe 0.021-0.46 0.14 0.07 0.048-0.55 0.21 0.10
%

Mn 0.008-0.48 0.14 0.08 0.001-0.078 0.04 0.013

Sr 0.001-0.092 0.02 0.01 0.001-0.076 0.018 0.013

Mg 0.022-0.42* 0.17 0.31 0.056-9,7S 5.93 2.91

Ca 10.7-39.9 34,68 6.10 0.20-34.1 22.12 6.09
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TABLE 1, (Continued)
. ,

Laurel Formation
(outcrop) 228 samples

Laurel For.mation
(core samples) 26 samples

Elements

Insoluble

Fe
%

~ln

Sr

tvIg

Ca

Cu
ppm

Pb

Zn

Cd

P

Ba

Range

(. .,

1,6.. 57,4

0.007-0,67

0,005-0.54

0.009-0.105

0,056-4,35

17.9-39,8

5-55

5-42

1

Mean

12.76

0.06

0.04

0.03

0.53

34.45

5.17

9.55

11.10

0.0041

352.28

89,52

Standard
Deviation

11,50

0.07

0.07

0.02

1.42

5.08

6.1

15.57

6.63

0.064

527,35

215.38

Range

3.1-80,2

0,017··0,31

0.007-0,12

0.008-0.068

-
0.07-1.5

2-35

5-150

0-1

32-1260

10-185

Mean

27,82

0.09

0.022

0.037

0.59

27.79

4.83

1.59

21,17

371,48

25,35

Standard
Deviation

22.86

0.08

0.023

0.018

0.94

9.71

6.32

3.02

33,05

315.82

45.20

Ca/Mg

Sr/Ca

1.12-402.9

(0,3-12,8)x
-4

10

117.18 67,80

4 x 10-4 2 x 10-4

1,17-187,5

(1.3-28)x
-4

10

72,36 52,00

6 x 10-4 2 x 10-4
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No standard control samples were available for the major elements

and 51', so precision control was obtained for each sample by sl~ing on the

basis of calculating Fe to Fe 03' Mn to MnO, $1' to SrCO , Ca to CaCO and Mg
2 3 3

to MgC0
3

, A total of 100 + 3 percent for these values was considered to be

satisfactory, Determinations that were outside these limits were repeated.

For determinations made from samples digested in perchlori\ "'c:id, control was

achieved by using a standard control sample and a replica·~ very 20 samples,

Appendix 1 shows the statistical evaluation of the precision,

(iii) Acknowledgements

We are extremely grateful for the help provided by Drs A.R. Jensen

and P.J. Cook, and Messrs, A.D. Haldane, W.M.B. Roberts and J, Draper during
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on statistical techniques and interpretation.
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III GEOCHEMISTRY OF STRATIGRAPHIC UNITS

(i) Gumhole Formation

The Gumhole Formation consists of abou~ 70 m of interbedded

limestone, siltstone, and sandstone, although only the limestone beds are well

exposed.

The geochemical results are based on 228 samples, most of which were

taken from the limestone beds which constitute the greater part (Jf the

sequence and nearly all the outcrop (Table 1). Some of these samples were

extremely pure limestones with Cl CaC03 content of up to 99.5 percent. The

values obtained are compared to average limestone values determined from

world-wide occurrences, and these are discussed in detail later and presented

in Table 3.

Of the other major elements Fe and Sr have average values (see Table

1) but Mn is anomalously high and readily distinguishes the tmit; Mg values

are 10\'1.

The Mn is mainly contained in the ca.lcite cement (Druce &Radke, in

prep.); the anomalously high values could be due to either concentration by

subsequent ground water movement, or concentration in the original water body.

The considerably lower concent~ations of Mn in contiguous units of

similar lithology suggests that the enrichment is not due to groundwater

movement subsequent to deposition. Concentration in the original water body

could be caused either by relatively high values of Mn supplied from the

source area, particularly if the hinterland had undergone deep chemical

weathering over a. period of time and had suffered little previous mechanical

erosion; or evaporitic concentration in near-shore areas during a warm arid

period. Both these methods of Mn concentration require a warm climate and

evidence for this is provided by the presence of a reef complex through much

of the Late Devonian, and colonial corals in the early Carboniferous Laurel

Formation.

The evidence for a wet climate producing deep chemical weathering in

the hinterland, or a dry climate with consequent evaporitic concentration is

equivof:al. The presence of a virtually unbreached barrier reef (Playford,

1970) with associated lagoona.1 sediments which are relatively. pure carbona.tes,
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especially in the late Devonian~ suggests that runoff was minimal. This does

not however necessarily indicate arid conditions but could reflect either a

relatively small catchment area or a Iow-lying hinterland. Some inconclusive

evidence is provider:l by the geographic variations in Mn values; the area near

the Horseshoe Range, which is presumed to have been an embayment into which a

river discharged~ has significantly higher Mn values than other areas. TIlese

relatively high values do not~ however~ support either method of concentration

at the expense of the other. If runoff was low then evaporitic concent:lation

could OCL.:..lr whereas heavy runoff~ whilst diluting evo:poritic concentration,

would provide transport for weathering concentrations from the hinterland,

TIle Gumhole Formation has considerable siliciclastic content, which

is coarser toward the basin margin~ suggesting reasonably active drainage. Fe

values are also higher; the available evidence points to the transportion of

Mn~ Fe and silica from a deeply weathered hinterland~ a process espoused by

Button (1974) for Fe and Mn-rich sediments in South Africa. Ronov and

Errnishkina (1959) demonstrated that the highest Mn values are found in marine

sediments which formed in a coastal environment during a humid period~ a

conclusion that is consistent with our information.

Geographic distribution of chemical values (Table 2). The Gl~hole

Formation is the only unit which crops out over an area sufficiently large for

comparisons of geochemical data between locations to be meaningful. The

ou.tcrop of the Gumhole FormCi.tion is a linear belt about 5 km wide, extending

for 300 km parallel to the probable basin margin, and reflect changing

conditions along it (Fig. 3).

The linear outcrop belt was divided into five areas from Station

Creek in the northwest to Red Bluffs in the southeast (Fig. 1). Mean values

for each element in each area were calculated, and then compared using the

Student "t" test; statistically significant differences are present bet\"een

the mean values for all the major elements and in the amount of insoluble

material. The variations in minor element geochcmistry, although numerically

large~ are not statistica.] Jy significant - ::part from eu, which is higher in

the Red Bluffs area. The significant variations can be divided into two

groups: those which vary systematically, and which are probably controlled by

gross basin morphology; a.nd those which vary sporadically owing to possible

local palaeophysiography.
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TABLE 2. GEOGRAPHIC VARIATION OF ELEMENT MEAN CONCENTRATXONS IN THE GUMHOLE FORMATION

Elements percent ppJI1

Locali ties* Insol- Fe Mn Sr Mg Ca Cu Pb Zn P Cd Ba
ubles

STATION
CREEK 12.8 0.1 0.1 0.03 0.2 35.0 6.2 40.7 30,4 165.9 0 133.7

MOUNT
PERCY 11.0 0.1 0.1 0.02 0.1 35.6 2.8 31.0 23.9 408.3 0.1 118.9

OSCAR
HILL 13.9 0.1 0.2 0.02 0.1 34.5 6.4 30.7 20,4 314.7 0.03 123.6

HORSESHOE
RANGE 16.5 0.2 0.2 0.02 0.3 33.1 5.2 69.1 23.2 186.4 0 231.8

RED
BLUFFS 19.2 0.2 0.1 0.02 0.2 32.1 10.7 16.3 42.3 142.5 0.08 22.9

* See Figure 1

\\
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Systematic variations are shown by Sr~ Ca~ Insolubles and Fe; Sr

and Ca are highest in the northwest~ decreasing to the southeast~ whereas Fe

and Insolubles show an inverse distribution. The variations reflect a greater

influx of terrigenous material in the southeast. TI1US the changes in the

major element geochemistry, determined from 0.5 gram samples~ are consistent

\vi th changes in carbonate- si liciclastic ratios calculated for li thological

sequence in the Gurnhole Formation (Dluce &Radke~ in prep.).

Of the other major elements only Mn shows any systematic variation.

The concentration is higher in the central part of the outcrop area~ and

decreases significantly both northwest and southeast.

These variations are probably related to the contemporary drainage

system and suggest that major river systems entered the basin in the Horseshoe

Range and Red Bluffs areas. In the Station Creek area the Group is very thick

( 700 m) in Napier No. 1 well (Dluce & Radke~ in prep.), indicating a

relatively abundant source of terrigenolls material; this is reflected by

increase in insolubles, and decrease in Ca, compared with the Mount Percy a.rea

50 km to the sOlltheast.

Sporadic variations are shown by Mg and Cu; higher tvtg va] ues are

present in the Station Creek and Horseshoe Range areas and reflect the

presence of dolomite.

(ii) Yellow Drum Sandstone

The Yellow Drum Sandstone consists of about 70 m of friable

sandstone, silty dolomite, dOlomitic siltstone~ limestone, and shale. Surface

exposure is poor and nearly all the geochemical samples are from two core

holes, BMR Noonkanbah No. 4 and BMR Lennard River No. 1 (Druce &Radke, 1973).

The 105 samples analysed consisted of carbonate beds (63%), with some

siltstone (12%) and sandstone (25%) samples.

The inclusion of some dominantly clastic samples in the statistical

analysis~ together with the higher clastic content of the carbonates is

responsible for the relatively high mean of 24.6 percent £01' the insoluble

fraction, and low Ca (22.12%) and S1' (0.018%) values (Table 1),

Of the minor elements Zn is the only element which has an above

average mean value (33.7 ppm). Cd was not detected.
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(iii) Laurel Formation

In general, the Laurel Formation limestones are closely comparable

geochemically to other limestones; major and minor element concentrations

vary little from the average means of other carbonates (see Table 3). A total

of 228 samples Kere analysed (Table 1).

Lithologically the Laurel Formation 1S similar to the Gunlhole

Formation, and consists of about 450 m of grey sandy sk~letal limestone,

shale, siltstone, and minor dolomite. Drill-hole samples (Table 1; Figs. 4 &
10) are from the uppermost SO m of the Laurel Formation and constitute a

representative selection of limestone (88%), sandstone (8%), and shale (4%).

The limestones are reJdt:Lvely pure with a mean value for Ca of 34.5

percent, which gives an aver~;~ CaC0
3

content of 86 percent; consequently

both the insoluble fraction and Mg have low values; the Fe concentration is

noticeably low. Minor element concentrations are average, apart from Zn and

Ba, both of which are 10\'1.

Samples from surface exposures and from core are tabulated

separately. The core samples are from a restricted stratigraphic interval and

so are not directly comparable. However Table 1 shoVis that the core samples

are less pure carbonates, with higher Fe and lower Mn values; Pb is much

lower, whereas Zn is nearly twice as abundant in the core material. The Sr/Ca

ratio shows Sr to be depleted in the calcite lattice, suggesting some leaching

of Sr in the weathering process.

(iv) Relationship between units

Carbonate rocks in the Gumhole and Laurel Formations are dominantly

limest0ne, whereas those of the intervening Yellow Drum Sandstone are

dolomites. The relative abundance of dolomite in the Yellow Drunl Sandstone is

demonstrated by the histogram of the relative distribution of Mg and Ca (Fig.

5). Sr is low, relative to concentrations i~ the other two formations, owing

to the decrease in calcite - in which lattice Sr readily substitutes,

The high levels of insoluble fraction in the Yellow Drum Sandstone

(Fig. 5) reflect the presence of terTigenous sand, while the higher Fe values

result from the presence of ferroan dolomite rather than an association with

the terrigenous sediments (Druce &Radke, in press).
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The mean vaLue for Zn is higher in the Yellow Drum Sandstone than ;in

either of the domina0tly limestone illlits; the distribution histogram is

similar to that for samples from the Gumhole Formation and at least two

populations are apparent (Figs 5 and 11), In such cases it is assLL11ed 'lhat

the lower population was present at the time of formation and that the higher

population has been introJuced subsequently. The initial Zn population in the

Yellow Drum Sandstone is represented by greater values than the equivalent

population in the Gumhole Formation.

The P content is lower in the Yellow Drum Sandstone than in other

units of the Fairfield Group, reflecting the virtual absence of fish

fragments, which are abundant in the G~lhole and Laurel Formations. The other

elements, Mn, Cu, Pb, and Ba, have distribution histograms similar to those

derived for samples from the Laurel Formation.

The Gl~hole and Laurel Formations contain similar limestones, and

this is highlighted by the major element geochemistry in which the

distribution histograms for insolubles, Mg and Ca are all virtually identical

(Fig. 5). However, the distribution histograms for Fe and ~1n show higher

values in the Glmhole Forma~ion due to their presence in the calcite cement

(Druce &Radke, in prep.). This results in the characteristic rusty yellow

colour of the weathered rock - in contrast to the characteristically grey

limestones of Laurel Formation. Strontium values are consistently higher in

the Laurel Formation than in the Gl~hole Formation.

The distribution histograms for eu, P and Ba are similar, although

both Pb and Zn are most abundant in the G~lhole Formation, and the

distribution curve for Pb (Fig. 5) is distinctively higher than that for the

Laurel Formation.
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IV STATISTICAL ANALYSIS OF GEQCHEMICAL DATA

Two separate statistical methods were used to divide the samples

into geochemically similar groups. Firstly a Q-mode factor analysis was made

of the 456 samples from the Gumhole and Laurel Formations, using the strategy

described by Klovan &Irnbrie (1971). Secondly, a hierarchical polythctic

agglomerative program (MULCLAS), supplemented by an ordination program (GOWER)

(Lance &Williams 1967a &b) which executes a principle co-ordinate (Q-factor)

analysis, was used. All programs were run on a Cyber 76 computer.

Finally a statistical program, GESTAT, was used to compute

inter-element correlation coefficients for each stratigraphic unit; the same

program produces mean, standard deviation and variance figures for each

variable (Garrett, 1967).

(i) Q-mode factor analysis

The Q-mode factor analysis proved extremely useful in distinguishing

the Gumhole and Laurel Formations on geochemical criteria.

The analysis is based on a matrix of the proportional similarity

coefficients (cosine theta) between pairs of samples (Klovan &Imbrie, 1971),

It was found that 91.4 percent of the variability of the matrix was accounted

for by three factors: Ca and Sr (Factor 1), Insolubles (Fa.ctor 2), and Fe m-..d

~m (Factor 3). Samples from the Gumhole and Laurel Formations are effectively

separated by Factor 3, and plot into two distinct fields. Although there is

about a 10 percent overlap in the fields the high density areas are well

separated and the spacial distributions are different (Fig. 6),

(ii) Cluster analysis

Because of the previous debate. on the validity and delineation of

units within the Fairfield Group (see Druce &Radke, in prep.) a preliminary

statistical test was applied using petrographic variables (including skeleta.l

grain types) determined from hand specimens and thin sections (Radke, 1976);

subsequently, the geochemica.l data for the same samples were analysed using

similar programs. Two sets of samples each comprising some one ~undred

samples were selected so that each set would be representative of both the
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stratigraphic and areal extent of the unit. No samples were common to both

sets.

Lance &Williams (1967a) concluded that the polythetic agglomerative

method was the most meaningful for a hierarchial classification; we have used

such a program (MULCLAS) originally devised for ecological analysis (Lambert &

Williams, 1966). The program uses a combinatorial fusion strategy (Lance &
Williams, 1967b), and offers a choice of similarity measures and sorting

strategies that can be used in different combinations. The program used

incorporated a Euclidean metric measur~ (Burr, 1967), and a sorting strategy

which minimized the incremental sum of squares.

The geochemical data were analysed using the MULCLAS program for.

quanti tative data. (Radke, 1976), and the resultant dendrograms are shown in

Figures 7 &8. The uppermost branch in each dendrogram separates the Laurel

and Gumhole samples effectively. Misclassification, according to our

stratigraphic model, is less than 10 percent.

A supplementary program, GROUPER, was used to determine the

significance of each attribute in each fusion in the dendrogram,
/

A final fusion in each analysis joins agglomerative clusters of

samples which have different attribute values. In an.alysis one, the two

clusters (representing the formations) which finally fuse have remained

distinct owing to differences between their Mn, Fe, Ca/Mg, Pb and Mg values.

In analysis two, the final fusion is between two clusters whose Mn, Fe, Sr/Ca,,
and Ca values are significantly different. However, it can be seen that the

elements which controlled the separation of the formations in the Q-mode

analysis are the principle attributes which keep the two main sample clusters

apart lffitil the final fusion (Figs 7 & 8).

Both dendrograms are "good", in that they are composed of groups

which are of simi lar size and which unite at about the same total information

gain (Druce et al., 1972) and suggests that the original data was sufficiently

consistant to justify the use of the program.

(iii) Correlation coefficients

Significant positive correlations and inverse relationships between

elements for each formation are illustTated graphically in Figvre 9. All
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these relationships are signifiant at the 95 percent confidence level (taking

= 0.4 in the case of the Gumhole and Laurel Formations, and 0.5 in the case of

the Yellow Drum Sandstone).

Several relationships can be attributed tCi methods of sam.pling or

analysis, rather than to any geologically significant association of elements.

TI1US, a positive correlation exists between Ca and Mg in the Yellow Drum

Sandstone (unlike the situation in the Laurel and Gurnho1e Formations) due to

the sampling of siliciclastic as well as carbonate beds in the Yellow Drum

Sandstone. Again, inverse relationships between the elements Ca, Mg, Fe and

insoluble components merely reflect the analysis which involved determination

of these elements in the soluble fraction.

Some positive correlations reflect atomic substitution within the

mineral lattice of the carbonates: examples of this are Sr, Zn, and Fe for

Ca; Mn for Fe; Cd for Zn; and Sy for B~.

Of greater geological significance are the correlations reflecting

diarenetic modification. Dolomitization in the Yellow Drum Sandstone is

probably respons ible for:

(a) the positive correlation of Fe and Mn with Mg.

(b) inverse relationship of Zn with Ca and Ca/Mg, the Zn

presumably being more abundant in dolomitic beds; and

(c) the inverse relationship of Ca and Sr/Ca, which is

probably caused by the leaching of S1' from the porous

dolomitic limestones and its retention in more clafey

varieties.

In the Gurnhole Formation, Cu and Ca/tvlg are inversely related which

suggests that Cu is directly related to Mg content; however there is no

significant relationship between Cu and either Ca or Mg so the relationship

appears fortuitous.

Positive correlation of P with Mn in the Gurnho1e Formation, and P

wi th Mn and Fe in the Laurel Formation, could reflect the presence of the

diagenetic mineral vivianite, although this has not been substantiated. Most

of the correlations involving P in the Fairfield Group do not reflect

diagenesis but rather the presence of fossil fish fragments, seen in hand
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specimen and acid residues, especially in the clastic beds of the Yellow Drum

Sandstone.

Finally, secondary introduction of base metals is thought to be

responsible for a positive correlation of eu and Zn in the Yellow Drum

Sandstone and a positive correlat.ion of Pb and Zn in the Laurel Formation.
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V ENRICI-fIvlENT OF BASE rvlETALS

Within the Canning Basin sUlphide mineralization is kno\'m in the

Upper Devonian reef complex at Narlarla (Fig. I). The deposit consisted of

t\Vo orebodies, the 10\Ver of which yielded about 11 000 tons of lead~zinc ore,

The deposit was examined in detail by Gellatly (1970) who concluded that it

was of 'Mississippi Valley type', similar to the lead-zinc deposits of Pine

Point (Canada), Tynagh (Ireland) and the Tri-State area of the Hississippi

Valley. Other minor mineral occurrences from the Canning Basin Devonian reefs

are tabul ated by Gellatly (£.E.. ci !..) .

The oldest part of the Fairfield Group overlies, and probably

interfingers with, the reef- complex and, being calcareous, might have added as
"a host rock for later mineralization. Or,e 0-[ the obj ectives of the

geochemical analysis \Vas to determine the rol~ that the FairfielJ Group

played, either as host or conduit, in the mineralization of the reef complex.

The ranges of values and means for Pb, Zn, and CU are presented in Figure 10

Cumulative frequency curves were used to determine the number of populations

present.

(i) Lead

The cumulative frequency curves for Pb in each formation (Fig., 11)

are complex, but all show mure than one population. The Laurel Formation, and

the Yellow Drum Sandstone, show the presence of two populations; the Glunhole

curve is more complicated, with a peCUliar stepped distribution of points,

rather than distinct lines of different gradients. This results from grea.ter

than normal increases in the amount of Pb in groups of samples. Asswning that

a single population is present at the time of deposition in this open system,

and that that population is the lowest, then further populations are due to

subsequent enrichment, possibly as a result of the introduction of metal-rich

fluids.

111e Gumhole Formation has the highest concentrations of Ph with a

mean of 36 ppm, and a maximum of 670 ppm (Fig. 10). In one numerical

analysis, using the rvlULCLAS program, Pb was one of the significant factoTs in

keeping the Gumhole Formation samples apart from those of the Laurel

Formation.
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The means and ma.ximum values of Pb decJ.·ease upward through the.

sequence, the lowest values are in the upper part of the limestone member of

the Laurel Formation with a mean of 2 ppm and maximum value of 8 ppm. The

Yellow Drum Sandstone has a mean of 13 ppm, and a maximum of 130 ppm.

Geographic variations of Pb in the Gtunhole Formation, show no

significant trends (Table 2).

Three samples yielded anomalously high Pb values (Appendix 11).

Samples lVCBOlO/8 and WCB219/12 are skeletal grainstones, sample WCB001/8 is an

ooid packstone. The three samples all exhibit the following properties: (i)

moderate to very good original porosity and permeability, (ii) early cementa...

tion, initially feTroan calcite, (iii) later solution, which increased

porosity, and (iv) minor disseminated replacement of grains and cement by

opaque grains, possibly sulphides. Most significant are the initial and

secondary porosities, which are suitable for the migration of possible

lead-enriched solutions. For this reason the oolitic rocks generally contain

higher Pb and Zn (Table 7).

(ii) Zinc

The Zn cumUlative-frequency curves (Fig. 11) are similar to the Pb

curves, and show mixed populations for all units. There are possibly two

populations in the Yellow Dlum Sandstone and the Gumhole Formation.

The Yellow Dlum Sandstone has the highest mean (34 ppm) , but the

highest individual value' (260 ppm) is from the Gumhole Formation (Fig. 10).

The Laurel Formation has a low mean (1] ppm), although in BMR Lennard River

No. 2 the upper part of the unit has a mean of 21 ppm and a highest value of

150 ppm. The relatively higher geochemical values in the boreholes (which

include 77% of the Yellow Drum Sandstone samples) suggest considerable

leaching of Zn from the outcrop. Thus the mean value of 25ppmfor Zn in the

surface samples of the Gumhole Formation may belie a higher value in the

subsurface.

No population differences or patterns were apparent in the values

for the Eive outcrop areas of the Gurnhole Formation. TIle lowest mean, 20 ppm,

was in the Oscar Hill area, the highest, 41 ppm was in the Red Bluffs area.
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Five samples have anomalous values of Zn (Appendix 11); one

(WCB222/2) is a pelletal grainstone 3 \~lereas all others are skeletal

limestones 3 usually with a mud matrix. All samples have had good porosi.ty,

either initially in the case of the grainstone 3 or later due to significant

solution of matrix and cement. Other diagenetic features such as late-stage

micritization, occurrence of minor disseminated sulphides 3 and late compaction

effects are present in some, but not al1 3 samples. Porosity is the only

feature common to the samples and may be the prime factor involved in the

occurrence of anomalously high Zn values.

Zn values are generally highest in the oolitic and sandy dolomitic

rocks of the Fairfield Group (Table 4), supporting the idea of porositY3 both

primary and secondary, being the major factor leading to the concentration of

zinc.

(iii) Copper

Copper values are generally less than 10 ppm and the cumulative

frequency curves (Fig. 11) show no obvious change in gradient for the Gwnhole

and Yellow Drum Sandstone; however, the points representing the Laurel

Formation do not lie on a line suggesting that values are too low to make the

cumulative frequency curves meaningful. Even so there are anomalous values of

CU present in samples from all units 3 and perhaps some minor Cu enrichment may

have taken place.

The highest Cu value 3 75 ppm, is from the Laurel Formation, but the

highest mean (7 ppm) is from the Yell ow Drum Sandstone. Means for the other

units are 4-5 ppm.

There are significant geographical variations of Cu in the Gumhole

Formation; the mean of 11 ppm at Red Bluffs is double the means for other

areas of outcrop and could be related to a greater supply of Cu from the

Precambrian provenance in that area.

Five samples have anoma.lously high Cu values, but they lack common

petrographic features (Appendix II). Sample WCBlO/29 is a diagenetic micrite

of uniform fabric with finely scattered opaque minerals, probably sulphides;

no original fabric is preserved. Sample WCB019/2 is an altered skeletal

wackestone 3 and is partly micritized and compacted, with the development of

stylolites. Samples WCB015!1, WCB213/2 3 WCB214/1 are grainstones with good
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initial porosity \vhich may account for copper enrichment by sui table migrating

solutions. A general explanation for the anomalous copper values is not

evident.

(iv) Remarks

The cumulative frequency curves suggest that m~xed populations for

copper, lead and zinc are present; this may be due to post-depositional

enrichment. It is, however, based on the assumption that the population with

lowest values is the population at the time of deposition, and higher value

populations are due to enrichment; the converse could arise where the low

value population is due to leaching of the original (and thus high value)

population.

In general the number of populations, their means and highest values

all decrease in each successive stratigraphic unit. Pb and Zn are significant

in the Gl@hole Formation and Yellow Drum Sandstone, whereas Cu becomes

significant in the Laurel Formation.

On the assumption that the populations represent enrichment from

fluids, several phases may have affected the Gumhole Formation, \vhereas only

one phase is apparent in the Laurel Formation and the Yellow Drum Sandstone.

If the Gilllhole Formation and Yellow Drum Sandstone acted as conduits

for mineralizing fluids then significant mineraliza.tion could be expected at

the interfingering contact with the Late Famennian birdseye limestone, This

would occur in all areas except where there are normal faults to the southwest

of the ranges forming the Late Devonian reef-complex such as in the Oscar

Range area, where the Gilllhole Formation and Yellow Drum Sandstone are faulted

against the "Luluigui Formation equivalent", a grey-green impervious shale.

Significant mineralization could occur along this fault line where large

carbonate bodies are in contact with this shale, ot where Fairfield Group

sediments are brought into contact with the underlying reef complex.

The regional geology suggests that the areas most likely to have

significant mineralization are the Napier Range, the northern edge of the

Oscar Range, the Horseshoe Range, and the Red Bluffs. The variations in

amounts of base metals in the Gumhole Formation show that'Rb is relatively

more abundant in the Horseshoe Range, and Cu and Zn are significantly higher

in the Red Bluffs area. Zn is also relatively abundant in the Station Creek
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area (Napier Range), where it is significantly higher than in all other areas

except Red Bluffs.



VI COMPARATIVE GEOCHEMISTRY

Comparisons are made with three major works; a tabulation of nearly

100 analyses of carbonate sediments and rocks by Graf (1960)1 a comprehensive

study of Russian Platform carbonate geochemistry by Vinogradov &Ronov (1960)1

and an analysis of chemical attributes of rocks of similar lithology and ages

preserved in a similar tectonic setting from the Bonaparte Gulf Basin of

Australia (Veevers, 1969). This is summarized in Table 3.

(i) Comparison with analyses quoted by Graf

Some difficulty is encountered in comparing our resul ts \d th those

of Graf (1960). The major element determinations (expressed as oxides) in

each table are often made from a single sample and thus are not readily

comparabl e with our figures which are means from a total of 561 samples.

Minor element geochemistry is presented in Graf, but determinations are from

different samples for which no major element geochemistry is reported.

However, these figures, expressed in terms of elements 1 are for numbers of

samples and Graf has calculated means from all available data.

Grafl s fIgures suggest that chemically precipitated rocks,

particularly oolites, are relatively pure 1 with an average Ca value of about

39 percent, whereas in skeletal and arenaceous limestones the value is about

33 percent. Our samples are broadly similar to the latter gro1...1p and have Ca

values of similar magnitude (34.7 percent for the Gumhole, 34.5 percent for

the Laurel). Ca values are lower in the Yellow Drum Sandstone, reflecting the

increased presence of clastic sediments and dolomite.

Values for Mn in the Fairfield Group are generally high, although

those from the Yellow Drum Sandstone and Laurel Formation are of the same

order; Gurnhole values are conspicuously higher, and of the. same order as

val ues from lake and deep ocean sediments (cf. Graf, 1960 1 /analyses 17, 21,

28) .

Minor element concentrations are generally within the averages

quo-ted by Graf (1960, Table 38) 1 apart from Pb in the Gumhole Formation which

is conspicuously high; Zn in the Yellow Drum Sandstone 1 which is slightly

higher than average; and conspicuously low Ba in the Yellow Drum Sandstone

and the Laurel Formation.



TABLE 3. COMPARISON OF MEANS or ELEMENTS FOR CARBONATE ROCKS~ AUSTRALIA, USSR~ AND NORTH AMERICA

~- ... .' _._-----------------------_._--------------- -------------
TIlis paper Veevers (1969) Vinogradov &Ronov (1956)

USSR
Graf (1960)

Gunlhole Yellow Drum Laurel Bonaparte Gulf U. Devonian L. Carbonif- L. Carbonifer- L. Carboniferous
Formation Sandstone Formation Basin erous ous oolite skeletal Lst.,

NO OF A1\;ALYSES 228 105 228 103 68 26 Illinois (38) Illinois (5])

~ -
"

INSOLUBLE 13.3 24.6 12.76 NA 11.05 4.83 NA NA

Fe 0.14 0.21 0.06 .115 1.48* 1.08* 0.22* 0.30*

--
.041?5

rvIn 0.14 0.04 0.04 .035 .015* 0.015*

% SI' 0.02 .018 0.03 0.03 0.045 0.04 NA NA

rvlg 0.17 5.9 0.53 0.9 4.46* 6.3* 0.31* 0.65*

Ca 34.7 22.2 34.5 31. 7 26 29 39.3* 33.4*

P 282 90 352 200 392* 130* 87* 742*

Cl'able 38) ---

Cu

ppm Pb

Zn

Cd

Ba

5.4

35.9

25.3

.05

138.5

7.2

12.6

33.7

31, 9

5.2

9.6

11.1

.004

89.5

la

10

2.5(12+)+

NA

52

NA

NA

NA

NA

44

NA

NA

NA

NA

5

14 + 9

8 + 4

26 + 5

0.1 - 0.2 ?

150 + 10

~

*
+

?5 Average figure for carbonates of all ages~ Russian Platform (only figure available)

Figures converted from oxides

Figure in braskets from samples collected by us in 1972

NA Not available.
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a.:f€{high MJ:1;Ba.;i:~d;PbiI) the Gumhole Formation, and high Zn in the Gumhole

and Yellow:DrumSahds-t,one:· P is relatively low in the Yellow Drum Sandstone.

'I, ill1e:ci,Qmparfson ,between Veevers' maj or groups and similar
I '

! ri'

lithological 'groups from the Fairfleld Group are presented in Table 4. It
'/ """ ,:./1/< -,' ' . J:;;'/"I',;':; . ,:'~" ' ,
should be /J1ote:ci that Veevers 'samples were digested using acetic acid whereas

, "', l ' " , '.! " , ...., ... . ~

we u~ed' Clilute hydrochloric acid and concentrated perchloric acid. This

,',p;ro1.5'ably a2coimts" in part, for the relatively higher values for insoluble
'/' '; . .' ",.' " j./

;'resi.dGcs fY'dlllthe Bonaparte Gulf Basin. However this difference in technique

"would increase Mg values for the Canning Basin relative to the Bonaparte Gulf
'''';

.'. ,';!

Basin an-clthus ,the lower Mg values in the Canning Basin are real. For both
i.:

,basins the,;· minor element values are similar for each carbonate lithology,

althoughPb and Zn are higher in the Canning Basin. Phosphate shows some
, '

relationship to ~ithology in both basins, being twice as high i.n skeletal and

oolitic limestones as in the sparry lump (pellet) limestones; thi; is probably

'due to the. presence of phosphatic skeletal fragments of fish, pa:·ticularly in

the skeletal limestones.

':11;~igeo~hedtfcal:study by Veeyers (1969) on carbonates from the

,,:;:B9n:~Ja.:r~,~,;'Gul~i'~~in 'provi~fes:Usefu:ico!ripar'C'~~i;einformation; the ana] yses
~' (' t,. '1'-"" " I

are e].em~nt<lt determinations arid me'r,iJ}swere. calculated for each element for
F . " . I

the whole st,:udy', ','as we).I a~for di~fe'fent carbori,ate lithologies. The mul ti~

variate',st·a.t~p;tical metho~slemploye,d:byviievers were used by us; Veevers used
i ' "

, a, ControL Dat~a 3600 C()~puteT~ Veeversutilized attributes whic.h inchlded

skeletal; and.'~(:m:",!skeletal grain types ,terrigenous grain types, matrix,
, " " "<, , i

• I , ' ..'

, c",ement, arid diageneticJmineral~. He, selected two different levels of

information gaint;o qetermine, meaningful groups; the higher information-gain
L " ./ "1' .' ':", .:::

l~vet resui'tedJIi 20 group,s wh£ch correspond to carbonate rock types: these
. 1,' I " , " '•.,,~, . .-', I,' ,"..- . ::.: .' :,' , '., '

are,c:ompared to similar groups from the Canning Basin.
,.'! i '," -' ,



TABLE 4. COMPARATIVE GEOCHEMISTRY OF SIMILAR LIMESTONE TYPES FOR THE CANNING
AND BONAPARTE GULF BASINS.

LIMESTONE TYPES
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Mn

0.2

.067

0.137
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0.07
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0.15
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.025
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0.21

.036

13

242

3.9

29.9

0.3

,04

96

200

36,4

0.2

,024

215

292

5

35,2

0.21

.024

271

200

6.6

37.1

0.5

.04

21

100

37.3
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(iii) Russian Platform

The geochemical data for carbonate rocks from the Russian Platform

is extensive with over 7600 published analyses (Vinogradova Ronov, 1960);

additionally Vinogradov &Ronov report on averages from previously published

analyses. In some cases the figures for the oxides vary considerably, even

for rocks of the same age. Analyses of Lower Carboniferous samples show that

MgO content varies between a mean of 10.52 percent for samples analysed by

Vinogradov & Ronov, to 4.83 percent for previously published analyses.

However, in comparing the Russian Platform and Cam'ing Basin data it

is apparent that the Gumhole FortTIation contains abnormally high Mn and low Mg;

Mg is also low in the.Laurel Formation. In all the Fairfield Group units Fe

and Sr are relatively low.

The distribution of Mn in the carbonate rocks of the Russian

Platform was investigated by Ronov & Ermishkina (1959), who found that Mn

values varied with respect to both the climatic conditions at the time of

deposition and the relative dista.nce of deposition from the shoreline.

Highest values of Mn, of the order of 0.1 percent, are found in carbonates

formed in coastal areas during periods of humid climatic conditions.

Druce &Radke (in press) conclude from the petrography of the

Gumhole Formation that it was deposited in a coastal environment, thus

supporting the environmental inference obtained from the geochemistry.
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VII CONCLUSIONS

Stratigraphic units within the Fairfield Group can be differentiated

using minor element geochemistry. The Gumhole and Laurel Formations are

readily recognized by differences in their Fe and ~m concentration and these

are manifest in the colour of the weathered rock. The higher Fe-Mn content of

the cements in the Gumhole Formation impart a characteristic yellow brown

colour to the weathered rock~ whereas limestones from the Laurel Formation,

with lower Fe-~m concentrations~ are typically grey to white.

Cumulative frequency diagrams for Pb~ Zn and Cu indicate that all

units ·of the Fairfield Group contain mixed populations of these elements~

which could result from the passage of mineral-rich fluids through the

sequence.

Furthermore the geochemical information~ particularly the high ~m

values, is pertinent to the interpretation of the environment of deposition.

Carbonate geochemistry can be used successfully, as an adjunct to petrology

and palaeontology~ in interpreting the geological history of a carbonate

sequence.
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APPENDIX 1, STATISTICAL EVALUATION OF THE PRECISION OF THE GEOCHEMICAL ANALYSES;
FAIRFIELD GROUP, CANNING BASIN

Elements Element One Number of Precision
determined concentrations determined Standard determinations (1 SD expressed)

of the value deviation n a.s % of mean)
Standard (mean)

Total 100.81% 1.11% 180 1.10
GROUP 1 summation

EE.!E. EEE!. ~

Cu 430 433 + 4.5 SO 1.0

Pb 45 49- + 2 SO 4.0

GROUP 2 Zn 320 321 + 3 SO 0.9

Cd 1 1

Ba 200 + 10 202 + 7 SO 3.5

P (3 standards) 390 378 + 23 8 6.0

85 74 + 3 8 4.0

300 304 + 11.5 33 3.8

I

i
I
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APPENDIX II

LOCATION OF SNvIPLES WITH Ai\iOMALOUS VALUES OF BASE METALS

Anomalous samples referred to in the test have values of more than two

standard deviations above the mean of the element in question. Listed below

are the anomalous samples and localities. Section localities are available in

Druce &Radke (in prep.).

001/8

010/8

010/29

015/1

019/1

019/2

019/3

201/6

213/2

214/1

218/3

219/12

222/2

(Pb)

(Pb)

(Cu)

(Cu)

(Zn)

(Cu)

(Zn)

(Zn)

(Cu)

(Cu)

(Zn)

(Pb)

(Zn)

Gumhole typ':\ section, Gwnhole Bore

Gumhole Formation, Station Creek

Gumhole Formation, Station Creek

Gurnhole Formation, Red Bluffs

Gl@hole Formation, Lennard River west of Winjana Gorge

G~lhole Formation, Lennard River west of Winjana Gorge

Gumhole Formation, Lennard River west of Winjana Gorge

Glmmole Formation, Gumhole Bore

Gumhole Formation, Oscar Hill

Glmlhole Formation, Oscar Hill

G~lhole Formation, North of Horseshoe Range

G~lhole Formation, East of Horseshoe Range

Gwnhole Formation, central Horseshoe Range

/:
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APPENDIX III

GEOCHEMICAL S~tPLE DATA
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I054 2 "
I

ca 1carenl ie 23.4- .038 .e17 i 30.3 0.23 .0111/ 10 ?50 5 15 8 79.9 .62



SA '·Pt,. '~'-n-1
1- ICa

J s;~ AO-
LllCAllfY FOR~jAT lor; Ll THOLOGY INSOLU8lE Fe I Mn Mg Sr Ba p Cll Pb Zn CJ/Mg'J L·, \ • r I

I .. i!.. XI

i
--~

I ! I 1~57.3 I7291)0055 I 005/9 l?ure 1 ca1 caren; ta 5.4 • "133 I .018 I 37.8 l,n "OM I 45 370 I 2 10 .77
I • • l.' I

I I I I I-------.- - I I

I 1 I~I I
O~15 11 :l ca 1carp-I: i te 5.3 .030 .012 37.6 •:w .. DnA 20 280 2 10 I 8! 117.1 .78

057 13 1/ calcarenHe ~·.4 .130 .025 3i,,9 .20 .062 430 1040 2 10 8 117.9 .75

058 15 11 coquinite 11.6 • 14~; .115 36.2 I .10 .029 280 I 7fjO 2 8 12 224.1 .37
I

059 007/1 n sand~done 30.8 .056 .038 27.2 •14 .018 140 200 ? 8 12 117.8 .30
-----

060 3 n ca 1caren' te 15.8 .043 .020 33.9 .21 .' .027 45 . 210 8 8 8 97.9 .36

061 4 n calcllutHe 25.1 .054 .019 2£t5 ,,14 .020 150 I 310 12 8 10 I 127.8 .31

062 5 11 ca ld lutHe 40.2 .048 .814 24.. 2 .14 .. 017 15 230 10 B 10 104.8 .32

063 6 11 b' ospal'l te 10.3 I .033 .012 36.. 0 21. .031 I 15 I 170 2 <5 8 100.0 .39
I · .

Ofl4 7 n ca lcaren\ te 11.6 .035 .Oi6 35.8 .72 .033 60 320 2 <5 8 98. 7 .42

065 I 8 It calcaren)te 32. ? .039 .020 26.3 .14 .017 40 230 2 8 8 113. 9 .30

. I
066 9 11 ca 1caren i te 20. 9 .027 .015 31.9 .18 .028 165 200 2 <5 8 107.. 5 .40

- - - ----
067 10 11 ca 1caren i te 10.7 .024 .013 35.9 .21 .035 15 150 2 10 8 103.7 .45

.

068 11 11 ca 1caren i te 22. ? .. 033 .020 31.1 .19 .025 40 180 2 <5 8 99,,3 .3(
- . -

-
.027 25 260 5 8 8 87.4 .39069 12 11 ca 1careni ta 22. 7 .029 .013 31. 7 .22

.
070 13 • f. ca lcarenite 22.2 .029 .014 31.2 .20 .028 15 170 5 <5 n 94.6 .410

"-

071 14 It calcarenlte 11.3 .026 .010 35.1 2" .031 20 230 2 <5 5 92~ 6 .40• J

072 15 " ca 1caren Ita 5.3 .028 .. 010 3° ? .23 .038 25 200 2 <5 5 ·101. 0 •!}5U.J

I.

3

I



-3oI r LI THOLOGY I INSOLUBLE!F'-[~_I
I

1 I I I I C~/M9 t Sr 'eSAI-iPlE :.;0. WC" Lt TY FOR~:AT 10/\
I

Ca I Hg Sr Ba P Cu Pb Zn I / a.)(1

---_.
I

I I I I
{ •

I
I

'12960073 007/16 laure1 calcareoUs 7.1 .031 .011 j 37.7 .24 I .043 I 10 130 2 8 8 95.3 .52I
I i-_... ! I I

I I I
I

'/074 17 • b'ospai'l te 5.1 .023 .010 I 37.3 I .29 .053 10 330 2 8 8 78.0 .65
I

I -

075 18 • cOQulnHe 6.2 .014 .011 37.5 .32 .052 10 360 2 8 8 71.1 .. 63

076 19 • calcarenUe 11.2 .030 .013 35.9 .21 .052 10 330 2 10 8 103.7 .66

077 20 11 COQU 'nHe 13.5 .038 .012 34.7 .20 .041 I 10 . 520 2 <5 . 8 . I 105.2 .54
0

-~,.~, ",~.,,< .~.,_.~~~••~."--_....-.-_~._.--~,-~~~~.-.;....~~-~ . - - .-=-=------~
-~;r~-.

I . ..."-"'-~ ~-"'"'-

~.• ~~~-T--··'1-~~~
..: ....,..""~_ .._":}.-

078 21 • coqutntte 6.0 .036 .015 37.1 .24 '390 .55
- l--'-~

~ 8 B I 93.8
- -'-

2 ,'-8- -;-~'.3
-

079 22 • ca1caren' te 6.4 .030 .. 010 31.3 .24 .051 10 320 .63

!
8 I080 23 " ca lcarenUe 4.2 .021 . .012 38.0 .30 .075 10 330 2 <~ 76.8 .90

081 26 • ca lcarenHs 6.8 .033 .012 36.1 .. 24 .052 10 660 2 <5 8 91.2 I .66I
I

27
I I

082. I ca lcarenHe 13.1 .031 .017 35.0 .21 .060 10 430 2 <5 8 I 101.1_~ .78
-

083 28 I ca lcarenUe 21.8 .036 .020 31.6 .18 .030 2D 650 2 <5 8 106.5 .4-3

.

084 29 n ca1caren' te 5.9 .047 .022 37.0 .20 .047 30 590 2 8 8 115.1 .58
- - ----,f.... ---- ----

085 30 n ca lcarenHe 7.4 .065 .010 36.1 .15 .051 10 590 2 <5 8 146.0 .65
. . I

086 31 n ca 1caren' te 9.2 .O·H .016 34.9 .. 36 .042 10 600 2 8 8 58.8 .55 .

087 32 • calcarenUe 7.5 .040 .018 37.0 .18 .050 50 870 2 <5 I 8 124.7 .62

088 33 A ca lcarenUe 6.5 .040 .013 37.5 .20 .057 870 760 2 <5 8 113.7 .70.
" •

089 34- • b'osparHe 4.0 .038 .011 39.1 .19 .062 45 500 2 <5 8 124.8 .73
-

090 35 n calcarentte 5.2 .040 .015 37.. 8 .20 .068 10 260 2 <5 8 114.6 .82

7



-3I
i

l I I I
, I C, fseSA}~PLE ~:O. LOC,\ L' TV FORK~ TION II THOlOGY lNSO LU 8LE Fo I ~~ 11 Ca ~9 Sr Ba p Cu Pb Zn

I /Mg /Ca.x10

- I

~~
I I I I960091 007/36 laure1 S10sparHe 3.6 .043 .017 38.2 .19 .059 30 360 2 10 12

I

II
I

092 37 • b'ospar,te 3.1 .044 .023 38.4 I .19 .070 10 1350 5 iO I 12 122.6 .83
I

093 38 11 calcaren'te 3.5 .041 .019 37.9 .25 .081 15 1350 2 8 10 91.9 .98
I

094 39 a calcaren'b 8.7 .019 .018 37.2 I .06 .016 170 890 8 10 12 402.9 .20
!

095 40 a calcaren'te 7.4 .036 .038 36.9 I .16 .044 110 500 8 10 10 139.9 .55
---.--~, -,'~.-~-~-~..I:::...':o-.:l.-:---~·1·'=-~~·:-·?"':'~~p.---J'-""-= r=---""'-:--~

-'~-r-"--,. -~.---:-.-"r .'~~"~"-l '" - -.-~:- .:--~_..:.., --.----j ---._.--~

~ .0391.082 37.1 I .34096 41 11 caicaren'te .074 15 150 2 I<:5 10 66.2 j .91
-

f-'-2-l'~5
097 45 11 b'osparlta 7.0 .061 .024 37.6 •13 .058 30 460 10 182.5 I .71

!..
II

098 46 11 blosparHe 5.8 .075 .043 37.. 8 .09 .053 250 1950 8 <5 12 245.5 .64

099 008/1 Yellow DrulI? ca1carenHe 3.2 .017 .019 39.. 5 .18 .029 <10 130 2 <5 12 1 133•1 .34
-

I I

100 2 11 ca 1caren' te 4.3 .019 .018 38.9 .•18 .026 <10 I 130 2 8 12 I 131.1 .31
._-

-1-:1101 3 il Hustone 22.0 .068 .052 31.9 .19 .018 65 50 5 8 101.8 .26
. .

102 4 11 cOQu 1nHe 12.7 .035
I-~~

34.. 8 .28 .036 105 190 8 <5 12 75.~ .47--- _._-. --r < - ----- ---' ------
I

103 5 n { do lOlDlte 41.0 .030 .024 23.8 .07 .014 35 130 2 5 8 203.3 .27

I -m.1 ]104 6 " b'ospad te 20.8 •029 .017 31.4 .14 .. 023 15 100 2 8 12 ,,34..
-

105 7 It sandstone 26.4 .051 .033 28.6 .09 .022 20 11000 2 <5 I 8 184.6 .35
.

106 8 • 11 11 1crUe 12.7 .053 0040 35.4 .28 .010 80 90 2 10 22 76.7 .13
"-

107 010/1 6l1lllho 1e 1'lIIestone 26.5 .099 .180 29.2 .13 .. 025 840 500 10 65 30 136.2 .39

I ! --
108 2 I b'osparl te I 7.7 .220 .280 I 36.3 L.14 .033 280 120 2 140 45 157.3 J .42

L I ! I I

72



-3
F,I7-~ Ba C3/Mg :>r

SA~irl€ ~W. LOCALI TY FOmlATION II THOlOGY n:SOLUOlE HI] Sr P Cu Pb b feCl.r.10

296010~~ I I010/3 Gu81ho 18 blosparHe 5.2 .170 .170 38.3 .17 .026 230 350 8 60 30 140.8 .31
t-- , -

~
4 • I blosparHe 11.9 .210 .190 35.8 .16 .033 225 280 8 180 75 140.1 .4,1

111 5 • blosparlt. 4.2 .210 ,220 38.7 .17 .026 260 290 8 80 12 138.1 .31

112 6 11 b'osparHe •• 4 .135 I .094 38.9 .12 .024 190 140 2 150 50 205.2 .28

113 7 • oospartte 4.9 .. 165 .105 38.6 .13 .035 135 160 18 35 65 18ge1 .41-------I----

114 8 11 b~ospartt. 5.0 .200 .175 38. 1 .17 .028 155 ·90 8 360 65 135.9 .34-
- . -

I
-

115 9 • b'osparUe 23.2 .195 .125 31..1 .17 .038 50 140 8 25 12 1H·,,3 .. 56

116 10 11 b'ospar,ta 3.4 .140 .063 39.1 .26 .053 ~o 180 2 15 10 I 91.2 I .62
-

117 11 • b'ospartte 2.8 .135 .059 39.2 .29 .041 10 90 2 15 12 82.0 .48

118 12 I bloca Icarentte 5.1 .115 .O~,~ 38.1 .27 .042 20 30 2 8 12 85.6 .50

119 13 R _'crUe 5e1&. .066 .020 37.8 .27 .038 15 70 8 25 65 84.9 .46
.

120 14- I I ca 1caren' ta 5.5 .100 .059 37.8 .27 .080 15 680 2 10 12 84.9 .97

Ica 1caren Ite

- - --
121 15 I

2~2 .115 ,,065 38.3 .28 .069 55 160 8 15 12 82.9 .82
.

122 16 11 ltlllestone 2.0 .100 .063 39.4 .26 .092 10 210 2 15 18 91.9 I 1.07 .-

123 17 R 1'&le ~ton. - 2.1 .093 • ()4.g 39.4- .26 .064- <10 130 8 25 12 91.9 .74
.

12~ 18 I .'CrUe 16.6 .055 .021 33.1 .33 .023 130 130 8 15 65 60.8 .32
~ -

125 19 11 lll'crlte 9.6 .056
I

.026 36.2 .37 .007 90 90 8 8 18 59.4 .09
.

126 20 11 b'osparl te 10.4 .105 .086 36.3 I .27 .037 155 100 8 15 12 81.6 .47

7



b'osparHe1123i29

SA1·:Pl£ ~';-O-.---LOC'\i.l-TY~-F--O--Rr-iA-T-IO-N---r-l-lT-HO-l·-OG-y--r;N;OlUBlE 1Fel Mn rCa I H~ I s-;-I~a I p M- Pb Zn Ca(H~ Sr(Ca. x1 0-3

---ij--1--1-I--r ~·r--·-+--/--:-/-i -r---t---4---+---

729_60_1~~_Lo_10_/2_1 ~_nh_O_le ~~~~_'t_e_~ 1_.6__+!_.0_g_5~1~~_~_1_.~4.n j '~1~1_0~,~1_40~'_2_+1__5~_1_2~_1_1_~_9_~1_._7_9_
12B 22' blosparlt. 11.0 i .11J5 ! .074 I 36.3 I .20 .032 155 I BO 2 10 12 112.9 .40

I I
3.1 .089 .071 38.6 .. 28 .062 65 130 2 20 8 83.6 .. 73

,,05

.168 136.7

128

2 I <550

400 I 2.003 385

.005 35.06

.192Q.6

14.2

.024

.021

.035

.042

27.1

62.4

b'osparUe

b'osparUe

s.andstone

R

n

11

24

27

28

29

30

31

32

130

131 25·

133

134

135

136

137

138

-----1-----+._----
3.3 .OB7 .061 3B.6 .30 .037 10 150 2 15 ~2 78.1 .44

2.9 .11C .074 39.0 I .31 .041 45 190 2 15 I a 1~.. 3 .. 48
' _.-'._,..-..~ ,4, • .....,... -.-.-."=""- ._~.~~..~,.----,........"..,.-.~..'.=- _=p-~e~_....,.=,-=-",=--'·-=.~--''''··~---~''=-'''--·'-!-,-''''-==~''''-r~''':'=''''·-=--=I~·''':..-''''e-... ·-· · :- .:ol=t>r.··.~~_.=- -~..Y'I"'It~· -:-~(L:;.-:,..40 ~--..: I """'......-:: ,.. _.:a;...~~.--.....-_ 'J '.2oI\,..~.s ..~ ~

_13_2__ .t 2_6_r--_I -t__bl_o_sp_a_r"_t_'__+--__1_._3__t--._1_10_
1

.067 ~ .24..•040~ 2 10 12 J 99.8.. .46

I. .ollt. 4.7 .099 .067 38.4 .20 .019 130 I 120 5 < 5 12! 116.5 ~_
a biosparU. 5.3 .078 .075 37.2 .30 .011 285 60 10 15~ 75.2 I .14

-- I
• 1I••ston. 11.3 .1J52. 033 35.4 .54 .003. 100 90 28 ·iO, 38 I 39.8 I .04

n b'osparHe 61.9 .039 .028 15.2 .11 .003 100 40 2 18 8 87.8 I.. .09

III crHi c
Hllestone

-----t-----t-------t---'-----t------t----I-----!---·- .----\----+---!---\---/--.-- ·-----1---1-----
139 33 11 I sandstone .061 .024 18.1 .. 11 .006 35 40 2 10 8 104.6 .15

HO 34 vel low DrulI sandstone 60.5 .064 .049 15.1 .10 .003 145 100 2 <5 8 I 93.5 .. 09,
..--t----

141 35 n sandstone 4().7 .059 .034 21.4 .14 .002 80 90 8 10 12 92.7 .~

36 • n 1hostonc 33.5 .040 .026 26. fi .17 .004 310 150 8 5 12 I 94.9 .07

143 37 " bl osparl ta 20.5 .078 .042 30.8 .13 .023 40 90 2 8 .34
----+----+------i------t------+---I----+----j----t---t-----f----f---f---f----1---.- ----

_1_44__~__3_8_l____I _L__CO_<:_U'_n_1t_8_1__13_._4__----l>--._08_1--'-_._04_7_~3_5._5__L__._17_~_._02_8-l--_3_0-J._1_£~_l_--,-..2_l--_10_l___5-4-_'_30_._5-l-__._36_



3lOC/I II TY FOR/'t4 TIOIi LI THOLOGY

I
H;SOLUBl£ Fu ~1n Ca I ~9 Sr P Cu Pb Zn Ca Sr -SA:"Pl£ NO.

I Ba IMg lea. x1 0,- .-
I2960145 010/39 Yell ow DrulI Mosparlte 18.6 .059 .061 31.3 .12 .022 100 160 2 8 8 165.1 .32

I
146 40 • b10sparHe 1,. 7 .041 .105 39.4 .25 .027 150 70 7- 10 8 95.6 .31

I

147 41 laure 1 .. 'crU. 5.6 .062 .043
i

J 1.6 .1, .026 25 50 2 8 12 134.2 .32

148 42 11 Jl' crUe 3.3 .050 .038 39.0 .28 .058 20 6(1 2 8 12 84.5 .68

. I

149 011/1 'I (41 enu t. te 8. , .053 .067 37.1 .21 .022 195 160 8 35 28 I 107.2 .27- .---...~.-= --- .~ .- ~- f.----~=~ ~~"""".;.,(";"""",-"",~
~...._, _.....~_.

---·I--~· -
.024 I<10 .150 2 • Hustone 9.2 .043 .on 36.7 .21. 10 2 8 .3012 106.0

. ,-
151 3 .. 1be stone 'l .039 .C24 24.8 .11 .015 40 220 2 8 12 143.3 .28,

-.

152 012/1 Gullho le b'osparHe 1. .105 .105 39.4 .19 .039 10 40 2 35 55 129.2 4C'·. ...

153 2 I '-aure 17 blosparHe 1.6 .038 .018 39.4 .25 .031 25 20 2 8 10 95.6 .36

15J· 3 hiJre1 blospartte 16.2 .043 .032 33.8 .11 .018 55 I 90 18 100 12 195.3 .24
-

r155 013/1 a blospar\ te 28.5 .041 .016 28.6 .09 .016 10 120 2 1<5 8 .26I 197.1
.

blo'ntraclastlc [8_156 2 • l111estone 10.1 .043 .030 36.3 .19 .026 1. 20 100 2 12 115.9 .33----- ._--
157 6 n sandstone 43.1 .064 .036 I 23.2 .08 .011 10 90 ~10 8 187. - .22

I158 10 • sandstMe 37.0 .062 .030 25.3 • 10 .012 175 90 8 10 'B 156.6 .22..
- I

I .
159 20 • blosparitc ~1.5 .054 .029 28.0 .. 11 .019 10 240 2 <5 12 161.8 .•31

. .
160 30 • blosparUe 13.6 .035 .024 34.0 .17 .023 <10 80 <:2 <5 8 121.3 .31.

161 32 • b'o.1 crUe 17.6 .059 .043 32.4 ,.-18 .021 35 100 2 <5 12 109.2 .30
.. I

162
\

33 I b'ospa~- 17.5 .043 .033 32.8 .12 .017 10 320 2 <5 12 165.8 .24lII'crHe ._0-

7



-3""~ LOCAll TY FORHA TlON Ll THOlOGY HISOlUBlE Fo Mn Ca M9 I Sr p I Cu Pb I Zn CJ
Sr/Ca.~ 0... """.1, _ • Ha 1~19

I

I I I
.

2960163 013/3~ laurel b'osparpe1He 8.6 .033 .028 I
35.3 I .19 .044 <10 210 12 8 8 115.9 .55I

I . 'I164 39 • I MosparHe 16.2 .065 .038 33.5 .15 .024- <10 90 12 8 40 135.5 .33

165 46 • b'opelsparHe 5.0 .041 .026 37.6 .27 .030 <10 360 2 8 12 84.5 .36

166 48 11 dolo.Ue 27.8 .043 .023 29.1 .20 .024 <10 220 2 8 12 88.. 3 .41.
167 49 • l' 118stone 7.0 .031 .029 37.6 .17 .030 <10 40 2 8 12 134.2 .36

------;- ------t----

168 51 11 b'osparH. 10.5 .032 .017 36.1 .13, .026 <10 3fQ 75 30 12 115.2 .33
---- -

169 52 I blosparHe 22.3 .043 .017 31.6 .17 .O2~ <10 480 8 . <5 12 I 116.2 .35I.

J~170 58 I l'lulstone 15.2 .027 .017 33.6 .13 .016 I <10 160 8 12 163.0 •• 22
.

I .
171 62 n sandstone 47.0 .059 .015 21.3 .09 .011 <10 130 8 1<5 . 12 143.6 .24

,

172 64 n Hrnostone 14.5 .036 .020 33.3 .20 .027 <10 120 8 <5 12 101.0 .37
.'

173 014/1 GtJlllho le blopeHte 16.8 .210 .079 32.5 .27 .019 40 130 8 <5 32 73.0 .21
.

174 2 • Pll lsparl t. 20.8 .210 .080 31.5 .25 .018 115 150 8 8 38 76.4- .26
--'

175 3 • oo'd Intrac1ast
19.7 .210 .115 31.7 .24- .024- 25 150 18 10 45 80.1 .35grafnston•.

176 4- n
00' d ske1eta 'j

20.0 .145 31.9 .17 .023 <10 170 8 8 117.3 .33,Qrafrstolie .230 28
-

oo'd skeletal
,

-
177 5 11 grafnstone 8.9 .170 .155 36.8 .15 .019 I <10 110 10 20 28 153.9 .24-

- I178 fi 11 b'osparlte 11.5 .210 .155 34.3 .19 .024- I 10 150 8 25 38 112.5 .32.
" .-;1179 1 • l'1II6stone 48.8 .135 .064 19.9 .09 35 250 8 <5 32 134.1 .23

-
180 10 • b'osparHe 40.0 .120 .060 23.8 .n .014 15 210 15 <5 25 125.5 .27

7



SA:-:PlE NO. LOCAll TV FORrtA TION LI THOlOGY n;SOLUBlE Fa Mn I Ca I HQ $r Ba I p Cu Pb I Zn C:;/Mg SriCa. x1

014/12 .055 33.7
I

50 78.6 .2472960181 Gumho le M'crH. 15.8 .103 .26 .018 <10 65 10 32
I

~<10
B'rdseye I

182 14- • Ull8stonl 10.2 .073 .038 36.2 .25 35 8 15 I 45 87.8 .27

183 15 11 b'ope lsparHe 3.6 .055 .030 38.1 .33 .038 I <10 <20 8 10 70 71.1 .45

184
015/1 I oolHe 14.9 .143 .107 34.3 .. 20 .017 35 290 20 50 95 104.0 I .23

185 2
FSlI8nnhn 8". ds IEye lst b'opelspll.rU. 10.9 .080 .058 36.0 .24 .019 <10 165 I 8 10 28 100.0 .24-

-~~ ..-:.,---...~~~--.. . ",:" - - _.~.. -- ... '-- . - .
i __ ..__

-~--1---- ---- 1___-

I <10 .186 3 " bt ope 1spar' te 9.3 .040 .020 36.2 .. 43 .028 . 80 I 8 10 20 I 51.1 .35

016/3
I

187 • 1'llIestone 8.0 .024- .057 36.6 ..29 .015 <10 120 8 <5 22 76.6 .19

'ntrac lasH c j

I I188 5 n l'lIestone 14.1 .028 .080 35.0 .27 .012 35 35 8 i <5 25 78.6 .16I

l-:l I189 6 n intraclastic I1hl.stone 15.2 .026 .050 34.6 .33 .009 215 60 8 32 I 63.6--.l .12.
190 7 • 1hlestone 12.1 .031 .024 35.6 .31 .020 <10 65 8 50 18

~
.25

B'rdseye
191 8 11

lhlestone n.1 .024- .022 34.0 .32 .019 10 70 8 15 18 64.4- .. 26
.

192 017/1 laurel sandstone 22.0 .041 .021 31.4 .16 .020 <10 65 2 <5 8 119.0 .29- - -------I--.._-- ~.._-----

193 2 n b'osparll'crH. 4.6 .019 .013 38.9 .19 .037 <10 260 2 5 5 124.2 .44

jQ~ 4 n sandstone 22.0 .041 .015 31.8 .17 .028 <10 185 2 8 8

1
113.5 .40,

- ...
195 5 It 1:1' erUe 7.0 .Q4.5 .020 37.6 .31 .033 15 210 2 <5 8 73.6 .40

196 12 n • Hllestono 11.4 .026 .021 35.9 .11 .018 <10 115 8 <5 10 198.0 .23

197 16 11 1hlostone
I

17.3 .04-1 .027 33.8 .20 .025 <10 150 8 <5 10 102.5 .34

198 17 " sandstone 23.8 .[157 .022 31.4 .18 .01Fl <10 115 i~ 10 5 105.8 .26
I



-3~:.:·,rlE NO. LOCA LI fY FOfll".A TION Ll THOLOGY INSOLUBLE Fa ~ln Ca Mg Sr I Ba p I Cll Pb b Ca/Mg Sr

I lea.x10
......~- I

7.2960199 017/20 laure1 biosparite 3.0 .036 .020 39.3 .26 .031 <10 190 2 i <5 8 91.7 I .36

5.. 3 .15
I

.030 1<10 2 I 15~200 23 11 coquinite .019 .024- 38.3 60 <5 8 .36
!

?n1 ?7 It 11 ml>~T"N' 17 .~ ,,?;:; ()?1 ~~ 7 'I? .n10 <:1n 1Q,- l: 1() R 177 P. ?Fi

202 32 It sandy llltcrlte 12.0 .029 .012 35.5 .29 .035j <10 170 8 <5 10 74.3 .it5

8'/109.S203 34- n bl opel spari te 11.7 .031 .Oi6 36.2 .20 .028 10 260 8 <5 .35---- -~.-

~ 119.7204 35 n bl ospar\ fa 80 9 .033 .015 37.5 .19 ' .035 20 630 2 <5 .43

205 4-2 fI b1osparl te . 6.0 .031 .011 38.8 .29 .0481950 1050 8 5 8 I 81.2 .57

!
206 44 R blosnarlte 3.9 .038 .014 38.5 .45 .094 1110 490 8 10 8 52.0 1.11

207 46 11 bl ospad te 5.4- .OJ~8 .013 37.5 .30 .073 30 210 8 <5 S 75.8 .89

208 49 11 l' IJestone 5.5 .035 .009 37.6 .36 .082 <10 230 8 8 8 63.4 1.00

209 50 11 11 mestO!18 5.8 .035 .019 37.9 .28 .082 50 ~O 8 20 8 82.1 .99.

210 51 !I biosP3rlte 6.4 .062 .019 37.3 __ .21 .067 900 530 8 20 8 107.7 .82--- ----- ---

211 53 It biospar1te 6.5 .045 .019 37.2 .30 0058 50 4-20
..,

15 8 75.2 .710

I

212 55 u b~ospar1te 12.9 .050 .019 135.3 .15 .044- 20 240 8 '12 8 142.7 .57 '-
-

213 62 " hi osparHe 2. 9 .081 .015 38.8 .32 .105 235 270 8 12 8 73.6 1.24-

214 67 n
"- bi ':lad cri h 6.9 .092 .020 38.0 .17 .059 565 1050 8 12 12 135.6 .71

~
,

215 59 11 ooqulnlte 5.0 .110 .036 38.3 .21 .063 1110 8 <5 10 110.6 .75
--

216 72
I

11 bi ospari te 4-.6 .140 .135 38.5 .19 .03611460 i 930 8 5 12 125.2 .31



Sr -3
/Ca.x10FeHlSOLUOlELl THOLOGYFORMA TIONLOCALITYS.\:-~Pt[ NO. I Mn Ca Mg Sr 11 Ba P Cu.I. Pb

---t----+----~---__4----_+__--f_l--'L-----+---:~-+-~-4----t-~--+----+---

-125)50217 __ U}j}w/7....1..r:,--'--_t-'J.. {jalJJJur'-"e~l l--rl~n.u_lll'1lLJ1C1~u..I.l....litfRl.--__-t-_.s.5..1,.7j...:I4:...-_-+-,,'~11 nlL>L-s_i -JL.L.:.n4Q_+11u.17.a.>-g,,---;I.--....clo<>L-OS_t-..LO~)1c...L1+_~9~S--t--'5!.;J;4~O -t-_....!::2-+-~8c__!--_1~2~2~O.:!..!4 .~9_-t--..:.~2~8 _
f

I
218 01 9I.!.__-t-Gu_'rn_h_o1_6_,__-+-1_'_L1e_s_to_o_e__-+-__6_.7___t__oO_8_V_+__.0_5_4_+-3_7_.7_-;!f--._1_7_+-_._'01_5-t-_95_+-_80_-t-_B-+_2_0_1-_1_40-}-1_3_8_.6_-+-_.1_8_

I
219 2 " 1ill!estone 6.1 .105 .061 38.3 .27 .023 85 80 22 80 4286.1 .27

.23

.55.250llllcrlte

"

11

3

3

220

222

11 mestone , I

blospadte) '1.1 .071 .051 37.1 .18 .019 340 60 8 90 140 125.0 I
skeletal pel hit -r

~ 2_21~_~1_0_1_h_8_~I_L_~_'r_8_l ~g_r_a_'n_s_to_n_e_~I_~4_._3 __~_._05_9__~_.O_3_3_+3_4_.0_~_3._6_5_~_._O_28~~_1_0_~4_0~~_2~~~30~J__~~2_~~ __~. ~8

.510 36.0 I .15 .044 275 2600 10 8 8 145.6 I

-------------t----+-- ---~------.-~------4----I----t~-__t---+----i'---+---t---4--_jf---l---_1'---

223 5 " limestone 9.b .038 .013 33.8 2.35 .008 <10 80 10 20 28 8.7 .11

6 Ij 5.9 .036 .U27 3G.5 1,35 .022 <10 40 2 <5 12 j 16.4 .28

.1922 61.210123015.015.35117
sllty I

. t 10.0 1.031 I .023 35.3calcre e !
------r----i-------r-:-.;...:...;..~~--t_-----+--__j_---jl----t---_i--_t_--_l_-___lc---_+_-_t_---1-----4----

.15

.29

.38

.26 .'

8 117.8

18 9.1

5

8 20

8

10 1030

20

9040

10

<10

.011

.021

.0331.21

2.30

39.8

.010 34.4

I .017.021

.0368.211

11

s

12

231

230

1ll1crlte
-·-----t-----+------+------+------t---1----t---+---+--+---I---+--~·~--_!-----l~--.-:-.~--­

I)oid
227 9 11 gra'nstone 9.1 .047 .022 34.2 2.20 .022 15 50 5 10 8 9.4

----'-r---.;---;-------+------f--------t---i-----\----I----!-----f---f--_l_--t---I----+-!--__jf---
sandy 001 d - ~l

.__2_2_8_.~_~-JO~~-"----~~g-ra-~~~_t-o_ne-_-~-1_2-.9--~.O-23-~-_.0-1-9~35~ .-28-~--.O-1-~~-1-5-~-80-~-8B-~,«-5~--8~7146.~99J,__.2_2_
dolomltlc sand-

229 . 11 II stone-gral nstonE 36.0 .047 .017 24.6 1.00 .011 20 40 .20
oold-pel1et I
gra'nstone 9.7 I.OJi .019 36.3 _,I .1t7

-----r----t------+------+-----+~-_+---I_--+--_t--_t---+_-_+_--I__--1----+--~~---

, ni ..aclastic
grulnstone

232 15 I1 •
:ll~ cri te 13.2 .061 .011 30.8 2.85 40 110 12 <5 18 6.6 .22

~----f__---+-------+-------+-------f-----!-----I----j~---l----1--~I·---,I~--1----t----i-'-----,f---

I



-3SMiPl£ NO. LOCAl! TY FOR/"iA TION 1I THOLOGY INSOLUBLE Fe Mn Ca 1'19 Sr Ba p Cu Pb In Ca/Mq
Sr

jea. x1 0

.-
P911etal algal -

72960233 101/16 Laurel grainstone 4.0 .028 .016 j9.0 .21 .030 15 20 2 ~ 10 12 115.4 .35
-

do 1oml te
234 17 iI float 18.3 .050 .:113 30.1 2.15 .009 20

~

80 8 '45 32 8.5 ..14-

skeletal (monus )
235 18 n graillstone 4.9 .033 .015 37.8 .51 .025 <10 30 8 <5 '15 4-4.9 .30

\pelletal)
. -

236 19 11 skeletal grair:- 8.8 .035 .018 37.0 .30 .025 <10 30 38 <5 12 74.8 .31siQQe -
peilstal

237 20 n ~~e1etal gral n- 5.2 .022 .012 38.4- .25 .035 <10 30
,.. <5 El 93.2 .42

'" (1nl>
0 ---- ----

skeletal pell et
238 21 Ii grai nstone 3.6 .024 .011 38.4- .26 .032 10 40 10 <5 8- . 89.6 .38

Pfll ~Jal I ntra-
239 22 If C aStlC graln- 5.2 0, 026 O. 012 37 .. 7 .20 .031 <10 20 2 <::5 8 H.j .38I,,",~., ..-
240 23 11

skeleia,l pt3Jleta
grainstona 5.') .026 .017 37.9 .33 .. 034 <10 50 " <5 8 69.7 .4c1c

-
skeletal pell et

241 24- 11 ']rai nstone 5.8 o. 021 .018 37.3 .28 .032 <18 60 2 <5 8 80.8 .39
~kei etal pellet

24-2 25 " ~ralnstone 4.l .027 .015 37 .. 8 .. 32 .035 <:10 ~O 2 8 8 71.7 .42.-
sandy pelord i<n243 28 n gra\ nstone 23.4- .031 .012 30.7 ;15 .021 60 .') <5 8 ·24.2 .31L.

I
-

skeletal pz11 et
24/~ 29 " ~ra\ nstone 3.6 0.024 0·016 39.3 .27 .032 <10 20 5 8 8 88.3 .37

~ ---- -_.-- ---
s3:1dy Intra.

245 30 11 clast'c gra\n- 29.0 .033 .017 28.5 .13 .0'18 <10 60 2 <5 42 h33.0 .29
~+n,,~.
Skeletal

2V; 33 11 arainstone 7.3 .017 .011 36.8 .36 .069 <10 230 8 <5 8 62.0 .96-
crinoidal

247 44 11 gral nstone 1.6 .035 .012 39.6 .H .04~ <10 180 2 <5 8 171.6 052

skeletal graIn.
248 50 n stone 4.4 .015 .011 37.5 .34 .052 <10 300 e 5 8 66.9 .63

249 51 It limestone 12.0 .047 I .014- 35.0 .26 .066 <10 680 8 5 8 83.3 .86-- ----
ske19tal

250 ~ 1 11 gral nstone 7.7 .068 .015 37.3 .22 .076 '10 750 5 <5 8 102.8 .93
:J~

,I
f
r



-3Ca/~19 SrSAMPLE NO. LOCALITY FORl"tA rlON Lt THOLOGY INSOW8LE Fe Mn Ca Mg Sr Ba P Cu Pb Zn je'l. x1 0

.
skelehl -

101/54 Laure1 Ijral"stone 9,3 .1Q1 .023 36 2 22 .082 620 620 8 '. <5 8 1;,? 1 1-.~7"Ohll'it:i1

~kelata1
~252 59 " cr3instone 11.6 • ::l?S _.J PS 1/... 7 21 .D,)B ft11' ??Sn 1,' <; R HP 7 .78

253 70 "
calcareolls 35. (I .130 .067 25.4- .1 J .029 185 S2C 10 8 12 154.1 .•52S'lnostone
s~eletal

254 -I'l " !)ralnstone 5.0 .076 .Ce7 3P.3 .09 .022 730 350 2 10 8 207.0 21'(~
• u

skeletal
i55 88

PI gral ilSto"8 5.4 .069 .155 37.S .07 .026 225 21 JO 2 8 3 339.5 _12
skel ctal

2U 102/2 11 gral,1stone 1.6 .5l1 .370 38.3 .30 .086 70 4500 S '0 ff' 71.4 1 OJ.J. '

skeletal
257 3 11 oralnstone 12.3 ___~2i _4.Ril 34. c; .13 .OI.cI'1 /F;r: 2t.c;n R 11': A 11'1 () r?

•._ 0

cal careous
25:3 4- 11 sandstone 38.9 .105 .230 24.5 .08 .025 400 1500 8 <5 22 h95.5 .49 -.-s~(el et a1

259 5 PI pachtone/ 7.3 .140 0380 36.5 .20 .031 170 950 1·J 20 22 h13.5 .39!grains tone

260 5 N tl oc 1ast 1c
pack stone 35.9 .115 .165 25.0 .10 .023 280 1400 10 8 _~63.1 ,42

261 7 "
skel eta1

2.1 .670 .540 38.6 .24- .048 20 51 Q 2 <5 e 97.6 .57gralnstone

2fi2 8 li limestone 5 I~ .125 ,230 37.5 .14- ,037 200 I 870 8 <5 15 62.5 .~5..
.•. - - ---_.- . -v. sandy

203 9 n
s~~latal oraln- 39.4 .105 .1 GO 24.0 .90 .028 Q- 3200 18 55 28 , 5.2 053~.OI'1P, ; ~::>

2R4 10 II jo10mlte 7.9 .150 .130 36.1 .12 .025 435 290 8 10 12 90.4- .32

266 12 11 11 mestone 16.4 .064 .064 32.9 •-10 .035 4-85 140 8 <5 13 ~O3.6 .49

267 13 11 ntrnestons 9.5 .037 ..029 35.4- .13 .031 30 130 8 <5 9 62.7 .40

-

.



- -
Ca 1'19 Sr P Cu Pb In Ca/Mg SI' -SAMPLE NO. LOCALI TY FORMA flON LI THOLOGY INSOLUBLE Fa Mn Ba /Ca.x10

skehtal .
72960268 103/1 Laurel li;':18stone 7.6 .09g .085 3fi 9 .08 .on ~f\n 1?1l ') ~. . 1n R lA? n 70

biocalcClr13nlte
26_9 22 " i"'" 11.1 .054- .050 34-.7 .27 .036 85 290 8 .·1) 8 ~17 .9 .47-----

270 23 II llr;;osfone 8.9 .110 .088 36.5 .08 .032 290 300 2 12 8 253.6 .40
sandy pisl'litlc

271 27 11 calcreh 10.2 .021 .007 35.5 .08 .on 30 90 ? 8 8 292.1 ..1.S-

272 28 :t limestone 8.7 .024 .011 36.9 .07 .011 30 140 2 10 8 334.1 .14

273 31 " ii'l erl h 7.0 .036 .029 36.5 .18 .042 15 210 8 10 1:'.- . 123.0 .53'. ._--
274 3? " 1II:19stone 9.5 .016 .005 JS.~ .07 .012 30 280 8 10 8 322.3 .15

skeldal
275 35 " gral nstone 5.5 .036 .010 37.0 .18 .060 <10 280 8 10 8 12it.7 .74

276 42 rr C31carGnl fa 7.1 .022 .0'12 36.5 .00 .021 20 590 8 10 e 357.1 .26

'>andy s~el etal
277 43 ..

Jrai nshne g.~ .O1~1 .010 35.8 .06 .019 15 30G 2 El 5 168..L- _--..2L-
~a'1dy skall~tal

278 44 ff • J. 3.0 .062 .031 37.8 .16 .035 60 920 2 10 8 H~ ') .42rJrd1 ilS l.one ....... .;

279 45 11 ~alcarenlte 10.1 .016 .012 35.7 .06 .022 15 . 350_~__ A 8 333.4 .28_...__._- ._--- -----
'landy 1ntra-

280 1~9 " r;k '31 ate; 1 gral n..
~tone 9.1 .017 ..014 35 9 .15 .017 <iD ?QO 20 1 r, R 11.5.1 .47.
~r.el etal

281 51 11 :ralnstona 17.8 .01 R .013 32.0 .12 .034 <10 590 2 ~2 12 161.8 .49-
,andy sk 31 eta1

282 53 " or1instone 9.4 .007 .012 35.7 .13 .030 <10 220 2 10 R 173.2 .38

v. s~ndy sksleta

I283 54 " gralnstone 27.1 .017 .012 28.8 .08 .031 <10 240 2 8 8 215.7 .49---_.
Isandy Intra

284 55 "
,keletal gr_lu-

5.5 ,043 ..OiR 17 1 .12..-
__(MD-

~1.D--- 1i5il / 1C" _..-.B.-. 1°5.7 -.__4.9_~bQQ

sandy skelehl

L?~O285 55 It
~ral nstone H. 7 .028 .021 311-.1 .12 .025 2 8 8 172.4 • 3/~--.

3



-3SAMPLE NO. LOCALITY FORMA rlON LITHOI.OGY INSOLUBLE Fa Mn Ca M9 Sr Ba p Cu Pb Zo CalM Sr'
• /9 lea. x1 0

sanuy skelet3.1

Qrat nstone
I .

72900286 103/57 laurel 12.5 .024 .026 32.G .12 .027 10 540 ? ~. 10 8 1tll-.f? .38
3kel ota1 91'aln··

287 52 n stondpackstone B.B .817 .017 37.2 .15 .033 15 ?9D 2 .20 8 1:<1.4- .41

skeletal
288 59 It gralnstons 6.2 .!)1c .. OH 37.2 11; .038 <10 4E5 2 2a2 8 150.4- .47. ~

s.lI1dy ma lll'sC
289 6:1 n yral nstone 17.4 •01J~ .017 n.5 .:5 .OI~4 20 365 2 8 8 131.4 .62

290 61 n Ga~c",r':'nltEl 4..1 .041 .019 37.R .15 .053 25 16'J 2 20 8 152.9 , G/l-

ske18tal
291 32 11 (;ra1nst one 4.5 •Oj2 .013 3l% .11 • ()l!-J 15 175 2 20 8 ~ . 121.5 ,5~

skel~tal
~

292 63 It gral nstone 5.0 .028 .D21 35. !J .13 .04-2 20 255 c 15 R i 72. 2 .52v

skeletal
293 65 rr gral nstone 8.2 .021 •;]12 36.5 .14- .045 10 125 2 20 8 152.1 .56

.. _.
skeletal

294- 66 It gral nstono 6.0 .021 .011 37.4- .18 .. 01t9 10 195 'I '18 8 126.0 .50l.

skp.letal ,-

295 67 If r;;ra' n3tone 5.2 .028 .015 38.5 .11 .C4-1 <10 330 ') 10 3 222.4 .49L .
ske19tal

296 68 11 or'31 nstono 4.8 .022 .010 37.8 .12 .035 10 310 2 15 :) 191.1 .1t2

2q 69 " l1mastone 4.3 .029 .015 _ 37.9 .12 .034- 20 300 2 15 2 191.5 .If1- . . - -----
skeletal

298 70 If ,;!"al nstone 4.0 .031 .01 C 32.3 .17 .022 10 185 ? 20 e 136.7 .33'-

. --
ske 1~tal

299 n 11 [l a·:k s~on ~ 0.9 .047 .013 37.3 .18 .031 .. c cc.c. 2 15 8 125.7 .38I.) ,J"v

c;1/eldal graIn..
.029 3(J .4- .13 .C25 25 IL1S 2 20 q 17- .5 » 31300 73 11 sten'1, packstona 8.2 .016_.

sl.(elet~l

301 7R 11 gral',stone ! 7.5 .035 .012 36.2 • -t 1 .019 25 180 2 15 B ">'-'0 ~ .24f.\j..,. t
. -----

sk~letal

3f'J2 t;;I7 If gral!istonA 2.7 .050 .01', 311.5 .13 .030 25 865 2 ~s 8 179.5 ?(.
u. l~ .v.------f--- - -- --'--

3')3 1011' /1 " calcarer.1 te 13.0 .024 .017 34.6 .25 ..029 <:1 (1 100 " 20 8 83,9 .32<.



-3SA};PlE NO. lOCAll TY FORriA TIOU 1I THOLOGY INSOLUBLE Fe Nn Ca /19 Sr Ba p Cu Pb In Ca/M SrjCa.x1 0'9

Iblo.:,p,lsparl te ,

72960304 1Ol~/ " lcHWD 1 3.~ .029 .012 39.1 .;6 .04; <~r <'=J 2 .... 10 r. 1:5.9 .48J

305 4- " ) Jlopalsflarlh ?1 .035 .012 39.8 .32 .035 <1-J 20 2 15 8 ~S.4 .4-0

11 m%ton'?
..

30G 12 l! 14.5 .057 .017 }3.4 1.09 .006 10 125 8 20 1'~ 18.6 .08, . IJ

307 13 n bio;;Jlcrlte 7.8 .035 .013 37.1 .24 .023 15 3:l 5 <S r 93.8 'IQ
• !.. ••}

3GF 15 I\' hlu::''31sparl h 8.8 .033 .O2,~ 30.8 .20 .024 <1J 5J 2 p 8 111.5 .30

3J9 15 .,
tJlo>els)~dtt.' 5.3 .Ot'2 .009 3~.1 .35 ~? ... J<:1,0 21) 2 5 8_ 5~j .0 .37• JJ 1

--- ...

310 17 " ~d PIii i cri te 2.3 .021 .014- 39.Q .23 .027 <10 25 2 20 '18 1':3.9 .31

311 1f 'I !~lopels;J~rH'.l 1. 7 .CH 111 ? 39.4- ..." .028 <10
., .... 2 20 12 108.G .33.- - • (eo;: L'.'

- .. _-
312 ~(J :l bi 0;Jo:! 1".>pari 'te 5.5 .022 .012 38 ..1 .25 .(130 <10 s.J 2 10 8 92.ft. .36I.

I
313 21 u rlopelspadte 8.8 .02:; .01' 37.3 .22 .028 <10 35 2 1~\ 8 102.8 .34-

-

3H 23 l! blosparH.:e 4.2 .O1~ .012 3B.c .20 .DZEi 1<10 <'J~ 5 10 8 117.1 .31

~
~.J

-315 ?C. n bl ospad t'3 3.5 .022 .017 33.S .27 .O3~ <10 30 ? 20 8 87.2 .~5_J ._----
31 ~ ?(; 11 s3r.dstf)n~ om ? O?~ .015 28.6 .11 .017 <~J

.-- 5 13 5 165.2 .n-./ ....' • .j • j I J.:i

-
317 30 n hlop<11sGad t'3 ? t:; .031 0')(: 38.8 .27. .829 1<10 45 5 20 113 107.0 .34

~.- • L J

318 32 n n 7 ~ .026 .012 37.9 .2!f .025 <10 35 2 n 8 95.8 311, • I ... . ...
I

31 9 34 ~ " 2.n Q1':: .(l30 39.4- .23
~<10 .

4-5 " 10 8 103.9 .33. ~~

,

320 37 n ~i cri te 1/-.6 .01.) .020 :0.1 .27 .03:; <10 9:'; ~ P 8 ~.6 .42,
,--- ---

321 38 " bl us:Jul b 2 /; .039 .026 I39. ? .27 •019 I 1r• 30 2 8 P RP.1 .46.- I.'

I -



Fe Ca Mg P Cu Pb Ca/Mg
SrSAMPLE NO. lOCAll TY FOR/"aA TION LITHOLOGY INSOLUBLE Mn Sr Ba In lea. x1

,

72%G322 104/39 Laure1 U osparl ta ~.7 .024 .017 38.q .32 .031 15 <20 2 " 10 f) 73.7 .36

323 41 " hi amicri te r.8 .064- .027 37.3 .24- .030 15 50 2 8 15 -'94-.3 .37

324- 42 " "l1 crI b 12. 9 .075 .012 1.9.4- 4. JC) .030 55 50 2 8 15 4.1 .4- 7

325 44 !I blospadte 4-.9 .027 ~O?2 3A.4 .17 824 .<1Q 1'1 2 8 R 117.0 20

326 ItS If 1\m:"!s~()nb 4. q .024- ()"1fi 177 .1R .nn 11 -----25.- ? r: R 127.1 __..;,..,29 .

327 2G1 /1 3umhole sandstone 31.6 .092 .210 27.8 .05 .0013 75 390 8 8 1h
- 337.3 .10J.

328 2 l/ s3P,dstcne 17.5 .140 .300 ;2.8 .07 .011 190 315 8 15 10 284-.2 .15

329 3 !l 00 lite 28.5 .071 .170 2e.7 er. .011 210 480 8 8 8 348.2 .18• -J

330 4- !l 0011 t d is.3 .155 .300 28.9 .06 .012 10 310 8 <5 8 282.8 .19

331 5 :f oosparl tf~ 18.1 .175 .300 32.5 .08 .014- 25 255 8 -15 8 234.7 .20
-

332 5 " blosparite 2.9 .210 .170 38.5 .1 fl .027 20 185 2 4-0 260 129.7 .32

333 7 11 bl oml crlte 4.1 .105 .125 38.5 .21 .021 <10 140 2 8 8 1-11.2 .25- ..... _--- ----
334- 8 11 coqu' 111 te 2.2 .135 .120 '39.7 .21 .027 4Q 150 2 8 8 114-., -;' .31

.

i335 9 11 ::11 cri te 6.1 .051 .080 38.1 .25 .018 15 170 8 10 12 92./1 .22
-

336 10 11 bi ocolc:lrenl ~13 2.9 .087 .125 ]9.5 .22 .024 15 95 8 8 50 108.9 .28
- -

-
33/ 11 n slltstone 4.5 .080 .110 37.8 .25 .02·t 13 155 8 8 12 91.72 .29

- .

338 12 n c')~111 nl t e 3.4 .088 .098 38.9 .34 .025 <:10 170 10 10 8 [;9 ./~ •31
._----_.. --- .-

339 202/1 " skel~tal 2.5 . i 75 .195 3H.9 1r, .035 195' 155 8 3D 12 1">7.3 .41. ~

\la~k"~tDne

-3o .

t
I
i··



-3SA1'iPlE NO. LOCALITY FORl'tATlON 1I THOLOGY INSOWBlE Fe Mn I Ca M9 Sr Ba p Cu Pb In Ca/Mg Srlea.x1o

skele~al -72960340 202/ 3 GlIInho 1e gra' nstone c: r .230 .280 37.8 .1 fj .035 150 300 2 '. 5 8 H5.7 .43. .)

341 5 Il skebtal
2.9 .100 .100 39 3 2 .19 .024 55 155 ? 8 2? H1.9 .28\jJckestone

skelatal
342 6 I' gr,,' '1stone 3.9 .240 .1 ;0 38.R .23 .0't9 75 155 2 'to 18 102.3 .58

skeletal
343 7 " packsto,1e 3.9 .250 .185 38.7 .24 .0't5 75 150 2 10 8 97.8 .53

341i' 9 "
coral C I. .100 .175 38..0 .15 .016 250 170 8 8 8 153.7 .19h.."" 'i~ L nno

..,.

.- '--_.-

345 10 !I bOll"dst0ne 5.5 .1 GlJ •120 38.1 .15 .018 40 200 12 15 ':0·- . 1~\£..1 .22
S'-{t! latal !1C\cke-

346 1r, 11 '3tore and 6.0 .115 .064 38.4 .20 .02fi 20 175 2 15 8 116.5 .31t.
p:::,c"done

347 13 n sl.:el~bl
2.6 .125 .100 19.1 .21 .025 15 130 2 8 f: 112.9 .29

!1'lr'

348 H II sL:el eta1 !Jack-
1;. .1 .100 ,091 38.4- .29 .027 10 210 2 8 P RO.3 .32ston(I - \lacke-

_J. ... J'lJ"":l

349 15 n skelatal poll et
3.6 .210 .210 38.5 ;'5 .034- 11C 130 2 8 8 155.7 .40

packstone
skeletal'

350 16 11 9ra 'nstone 6.9 .160 .270 37.4 .09 .025 65 500 8 40 12 238.8 .31

sandy skel etal
351 17 11 gratnstone 19.7 .120 .240 32.6 .09 .016 230 940 8 35 8 227.3 .22

-
352 18 "

skeletal
18.7 .110 .210 J2.5 .08 .016 200 450 10 8 12 2'~3.4 .23

gra'r'lstone
,

353 19 II sx&le~al
20.5 .130 .195 31.2 .08 .019 <10 1070 10 55 38 233.6 .28

~ral nstone

354 20 11 skeletal
17.5 .150 .220 1? C' .09 .022 10 920 8 40 18 219.7 .31

qra'nstone
_ __ u

• 0

skel etal
351

) 21 " gr':3l nstonp. 8.0 .250 .310 37.0 .13 .031 <10 52] 8 30 22 179.6 .36
-

JljB 22 "
sk~1eta1

13.9gral nstone .135 .210 34.7 .08 .024- 90 765 8 20 18 250.6 .32

1-=°
_0 --

357 23 "
s~ e1et a1 I ~ t: .310 37 .9 .13 .044 3D 365 8 40 i8 183.9 .S3
gral"stona

:J.:>



,.
r
!

-3
SA"'PlE NO. lOCA Lt TY FORMA TION LITHOLOGY INSOW BlE Fe Mn Ca M9 Sr Ba p Cu Pb Zn CalM Sr.

9. ,Ca.x10

,

nQr,OJ5P 202/2\ Gumhole Cvoui ni te 11 2 ?4n 1?'1 l.i 1 1/ Wl? 1n 71 f)
c; \, c,r, ?C 11,7 0 .4 ':

359 25 n llnp-stone 1.5 .1 g~, .105 3S' .9 .26 .046 20 145 2 r ~

J 8 93.1 .53

'360 2fJ n coqut ni fe 5.9 .'170 .130 38.3 .22 .043 25 120 2 5 8 105.6 .51

351 27 "
oncolite skel<?f '11 3.2 .105 .073 39.5 .17packstone .035 3D 140 2 1.0 55 140.9 .42

3r.Z 28 n s~eletal
3.3 •'165 .098 39.2

r)ac~ stonfl .18 .038 i5 140 <2 <5 <1 132.1 .44

353 29 11 sk e1ebl
8 !L .210 .270 37.3 .12 . O~16 <10 520 2 t\ n 188.6 .44orainstone .. u

364- 30 11 brrch j opod
O/J 1 t1 c gral n- 8.5 .230 .300 37.1 .13 .028 "I" 800 'J ,>," 32 1SO. 0 .47
".l",np

t.J '- JU

355 2031 1 n 1lill"lstone 50.1t .074 .110 10 h .12 ,011 SltlJ 535 <2 100 1+2 99.1 ,,-
~.u .Le

I -,-
,

31jri 204/ 1 11 caliche 3.q· .021 .008 2~~ .9 .22 .016 85 185 <2 5 110 107.3 .19

3~? 2 !l ml~rite 3.25 .031 .012 38.9 .08 .001) 140 35 2 5 12 291.3 .07
.

368 3 !I bi .}sp~rl {e 35.3 .0:-,9 .14:1 26.3 • O/~ .009 1120 35'.5 ') 8 8 4LJ. ~ .15L

'3CQ 20~/1 II sl Hston~ 72.6 .110 .013 10.7 ..,.) .005 70 305 16 <5 55 370.G .21• ~ I)

.. -_ .

370 2 It oosp&rl':e I~. 4- .1'~ 0 .165 3f.2 .11 .01 G 40 °150 5 220 18 210. '5 .18
r

371 .3 ~ oos:J:irl te 6.5 .1/~O .145 38.3 .10 .OH 2G 150 2 100 05 2.37.1 .17

37 2 4 II ouspi3rl t '3 6.1 .1 1i-5 .155 38.0 .09 .013 20 155 2 80 45 255.0 1". ')

373 206/0 " biosparlte 8.9 .155 .155 36.1 .10 .021 110 425 2 <r' 5 223.4 .27J

-

374- 1 11 biosparlte 5.0 .125 .135 38.4- .09 .018 195 205 2 <r. 10 2t7.7 .21,J

--- ___ r

..----
375 2 :T bI0 S f.J ::IfIt a 13.2 .087 .082 35.3 .07 .013 95 415 2 60 12 305.9 .17

- ..- -- ..



-3FORrU\TION LITHOLOGY INSOLU BLE Fe Mn Ca Mg Sr P Cu I Pt- Zn Ca/Mg
Sr'SAMPLE NO. lOC" L' TY Ba' lea.x10

i

72960376 206/3 nu.ho le blospartte 9.1 .062 .068 37.3 .05 .011 260 230 5 70 12 '426.9 .13'.

377 4 • blosparHe 8.4 .OBB .090 36.7 .06 .013 175 445 5 ,45 12 317.3 .16

318 5 I hiosparHe 7.2 .110 .115 37.3 .06 .014 175 340 5 45 1) 364.9 .17

379 6 • blosparHe 9.1 .125 120 35. 7 .06 .020 65 :230 2 10 10 338.4 .26.

3A1 8 11 5.1 .145 .140 38.9 .08 .023 85 370 2 30 B 291.3 .27
~

382 9 n 8.6 .073 .078 37.2 .06 ' .016 260 265 2 25 12 402.9 .20

383 10 " 10.3 .076 .079 36.1 .05 .012 200 370 '5 25 10 456.2 .15

--
384 11 • 7.5 .080 .085 37.2 .06 .018 200 .20 2 10 8 402.9 .22

-
385 12 n 'D.4 .083 ·091 36.5 .06 .014 195 420 2 <5 8 395.4 .18

--- ----
386 13 n 4.8 ,092 .100 38.8 .06 .017 190 110 2 5 5 367.7 .20

387 14 If 3.4 120 .120 38.9 .06 .024 140 170 2 <5 8 368.7 .28• - .---

388 15 • 5.9 .135 .135 37.8 .08 .023 180 290 2 <5 12 294.0 .28
.

389 16 • 4.2 .105 .115 38.0 .07 .023 145 215 2 <5 8 344.0 .28

390 17 n 8.1 .125 .115 36.0 .07 .023 145 260 2 8 8 312.0 .29

3g} 18 11 7.3 .145 .145 38.0 .08 .028 55 320 2 <5 8 274.4- .34

392 19 n 4.8 .150 .130 38.3 .09 .027 65 310 2 <5 8 267.0 .32
----- ----- ._00.-- _ --

393 LV I 3.4- .155 .130 38.7 .08 .027 I<10 230 2 <5 8 279.5 .32
--- ------



-3
SA~PlE NO. LOCALI TV FORMA TION LI THOLOGY INSOLUBLE Fe 1·10 Ca Mg Sr 83 P Cu Pb Zn Ca/Mg Sr/Ca•x1 0

1296039~ 206/21 rJUlIIho le 5. 7 .130 .130 36. 9 .08 .020 60 685 5 1) 15
,
294.5 .25".

395 22 11 6.6 .200 .125 37.7 .10 .035 <10 765 2 ,20 18 2~. 7 .42

396 23 11 3.4 .195 .130 38. 7 •10 .037 <1) 280 2 40 15 234.7 .44

397 24 • 8.2 .180 .130 37.2 .09 .028 <10 475 2 I(J 38 250.7 .34

. 398 25 n 2.5 .155 .120 39.8 .08 .026 30 195 2 50 25 309.5 .30
-- -

399 26 11 4.3 .175 .140 38.9 .09 .027 <10 370 2 80 3~ 262.2 .32
-- -

400 27 I 4.9 .14-5 .130 38.5 .07 .027 <10 335 2 45 35 333.6 .32

,.01 28 11 10.3 .165 .120 35.7 .08 .027 <10 430 2 40 110 277.6 .35

402 207/0 11 b1ospar,te 11.8 .087 .100 35.4 .06 .015 40 595 5 20 12 346.3 .19

403 1 n biosparlte 6.9 .085 .110 37.2 .07 ~015 140 355 7 5 8 336.8 .18
- .-.-----

404 2 l:' b\osparlte 14.0 .150 .155 34.7 .08 .021 20 350 2 8 8 269.8 .28
"

405 3 " oospar,te 6. fl .220 .175 36.7 .17 .030 15 450 2 20 10 131.0 .37

406~
-

8 11 blosparl'te 9.0 • 150 .240 36.5 .11 .028 185 230 2 8 12 210.9 .35
.

407 9 u sandston~ 35.0 .125 .170 25.5 .05 .010 110 495 2 8 10 322.2 .18

408 11 n ~anddone 51.4 .087 .110 19.2 .04 .007 65 420 2 10 8 277.3 .17
-

409 12 11 sands ton, 49.7 .059 .098 20.5 .05 .004 180 405 2 <5 15 259. 1 .09

410 13 11 bi osparHe 9.9 .081 .120 35.9 .06 .014 180 635 2

:: j
90 369.1 .18

- -
411 14 n bi osparHe 20.2 .083 .115 31. 9 .05 .012 50 710 2 75 365. 1 .17



I I

"

;

.,
i
r
r
.~

r

..3
SAl'iPlE NO. LOCALI TY FOR1"tA TION 1I THOLOGY INSOlU BLE Fe Mn Ca MC} Sr Ba p Cu Pb Ca/Mg SrIIn Ca,.X1 0

-
72960412 207/15 Gulllho18 111!estone 11.7 .096 .135 34. 7 .06 .012 105 590 5 '. 10 65 '339.5 .16

413 16 n oosparl te 10.8 .097 .125 36.0 .06 .012 95 655 5 2.00 100 3~2.2 .15

4n . '

17 n blosparl te 13.3 .081 .096 35.0 .05 .010 50 970 5 40 32 400.6 .13

415 18 11 blosparHe 15.7 .083 .105 33.9 .06 .012 100 665 5 20 18 367.2 .16

. 416 19 It b10sparttu 7.5 .096 .105 36.6 .06 .013 220 510 2 30 40 346.9 .16

417 20 It bi osparHe 6.6 .100 .130 36.9 .07 .016 220 460 2 10 25 334.1 .20

418 25 It bl osparl t9 1/4.9 .088 .105 33.9 .06 .013 280 595 2 30 . 30 331.7 .18

419 36 n bi':lsparHe 9.6 .155 .220 35.7 .09 .025 215 600 2 15 12 232.9 .32

420 44 It b1ospar' te 8.8 .074 .120 36.5 .05 .010 215 505 2 5 8 492.0 .13

421 46 n blosparlte 4.8 .087 .110 38.7 .•05 .012 130 605 2 45 12 442.9 .14

422 50 11 b'osparlte 14.1 .083 .115 34• .,) .05 .012 95 780 2 20 12 394.8 .16

423 51 n blospar~te 8.3 .100 .150 35.9 .06 .015 205 580 2 25 30 388.9 .19
- .. -

424 52 n oosparHe 8. 1 .140 .072 35.7 12 .014- 100 400 2 40 42 180.5 .18.
.

425 54 n Mosparite 6.8 • 08~ .120 37.0 .07 .015 240 580 2 10 15 370.6 .19

~26 56 " bi osparHe 7.8 .083 .088 36.2 .08 .010 230 535 <2 10 25 261.4 .20

J".27 57 n oospar\te 7.9 .125 .105 35.4- .08 .018 160 415 <2 10 15 272.. 6 .23

J".28 58 n oospar,te 5.6 •115 .094 37.2 .09 .018 200 400 5 <5 15 242.6 .22
---

429 65 n oosparHe 2.8 •150 .085 38.8 .11 .016 11!:i 105 2 120 32 224.1 019
----
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-3SAMPLE NO. I lOCA LI TV FORMA flON 1I THOLOGY INSOLUBLE Fe Mn Ca Mg Sr Ba P Cu Pb In Ca/Mg SriCa.x10

Famennian
,

72960430 208/1 oospar,tp. 4. 7 .019 .017 38.5 .18 .014 ~10 200 2 <5 8 '129. 7 .17
Slrdseye I.st. '-

431 2 IH ndjana limestone 1.4 .024 .007 39.4 .13 .013 <10 20 5 <5 8 1~3. 8 .15
---

432' 3 " Sl' erne 2.9 .017 .008 39.0 .16 .014 <10 45 5 <5 1) 147. 9 .16

433 4 " !I1 cl'He 0.7 .014 .008 40.0 .13 .012 <~O <20 2 <5 8 186.6 .14

• ... L 5 11 "Icrlh 2.0 .014 .007 ]9.1 .17 .012 <10 30 2 <5 8 139.5 .14~,) .. -- -- _......- ---.--

435 6
Faelennlan I oosparl h 2.5 .021 .012 39.0 .15 .018 ~10 40 8 <5 8_ 157. 7 .21
Birdseye Lst.

435 7 11 oosparHe 3.2 I .016 .012 38.8 .15 .015 <10 50 5 10 -8 156.9 .19

4-37 8 It Il!l cd te 2.5 .026 .. 017 39.1 .12 .012 <10 50 2 10 15 197.6 .14
--

438 209/0 It lllllestone 5.0 .017 .. 009 38.5 .18 .014 <10 30 2 10 8 129.7 .17

439 1 It IlIlcrHe 3.3 .019 .012 38.7 .18 .016 <-0 3J 12 <5 8 130.+ .19

- -

HO 2 11 oosparit! 1.2 .014 .012 39.4 .13 .012 <10 <20 10 <5 8 183.8 .14
.. .~-

441 3 11 limestone 1.8 .012 • 008 39.7 .19 .016 <10 <20 8 5 5 126. 7 .18
--.- ----' --_ .._----- _.._--~. _. ----

442 4 • onco- 2.4 .021 .010 39.0 .23 .018 <10 20 5 5 8 102.9 .21
spar l te -

. 1----

443 5 " m' crlte 2.3 .014 .008 39.2 .22 .. 017 <10 25 32 <5 18 108.1 .20

444 6 '" olJsparite 2.9 .021 .009 39.0 .15 .. 014 <10 25 8 <5 8 157.7 .16

-
445 7 !! "l"'Ic:ono:l .... t ~o 1.6 .017 .010 39.8 .17 .014 <10 <20 8 <5 8 142.0 .16

v'"'..,t'~•• • "'-

----- ~-'-, --- - -----
446 8 If oosparite 1.1 .016 .007 39.8 .17 .014 <10 <20 5 5 El 142.0 .16

.. . - --. ------
447 9 11 oospari te 1.1 .016 .011 39.9 .15 .013 <10 <20 2 5 8 161.3 .15

.- -- .__...
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, Ca/l1q,SMiPlE NO•• LOCA LI TY FORMA TION LITHOLOGY INSOLUBLE Fe Mn Ca M9 Sr Ba p Cu Pb In SrICa.x1

72960448 209/10
Fa~ennlan

.dcrlte 1.6 .014 .012 38.9 .18 .015 <10 30 5 <5 Sl ' 131.1 .18
B'rdseye lst. '- - 1---

1.4-9 1.10/1 NQonkanbah coqulnHe 14.9 .094 •130 33.0 .22 .036 900 305 15 ~5 32 WO.O .50
-

450 211/5 Ye 110101 D."'ulIl S3n dstooe 52.5 .080 .032 18.9 .21 .011 50 !Xl Z. <5 22 55.9 .27

451 6 n sandstone 63.8 .099 .030 13.5 .84 .007 45 65 2 <5 30 9.8 .24-

~52 212/0A Gumho1e coqu I nHe 5.6 .220 .105 36.. 2 .22 .028 1030 200 8 <5 12 99.8 .35

453 OB " oospat'i te 1.3 .1(5 •155 39.9 .12 .033 <10 50 5 <5 a- 201. 7 .38
-

454- 1 n coqu In1 te 1.9 .120 .060 39.5 .24 .027 <10 110 R 30 'lOO 102.0 031

--
455 6 Yellow Drvll ", erite 7.6 .080 .074 32.0 3.57 .008 260 530 18 <5 30 5,,4 .11

-
456 8 " .lcrHe 25.3 .050 .073 29.9 .34 .007 105 290 5 60 35 53.3 .11

457 11 " , niraspart te 6.8 .031 .023 37.:" .19 .025 <1) 25 5 20 12 120.7 .30
i

458 13 If 'ntrapelsparlta 4.0 .029 .023 38.4 .15 .022 <10 30 8 25 10 155.3 .26
"

459 58 " biospar'te 9.1 .0+5 .024 36.8 • 11) .028 <10 280 10 <5 8 139.5 .35

-- ---- _..,~-_ ..-
460 59 n dolomite 34.7 .035 .017 26.8 .11+ .016 <10 120 2 <5 8 116.1 .27

I

461 213/1 Gumho la ca 1caren 1te 18.0 .165 .240 32.0 .14 .022 180 325 18 50 22 143.0 .30

462 2 ft ca 1caren Ite 16.2 .165 .220 33.5 .12 .020 95 280 20 20 15 169.8 .27
-

1.63 3 11 ca1carenH~ 18.8 .160 .220 33.0 .14 .023 225 310 8 ~o 22 148.3 .32

------ 1--- ---
464 4 n calcarenHe 9.6 .120 .205 36.8 ' .12 .019 330 355 8 45 12 196,,0 .24

f--'--'- ---- --
465 5 n fossl1 s

5.5 .300 .240 38.4 .16 .034 <10 205 2 <5 8 150.3 .41
c~rbonate .'-



-3/ I Ca/Hq Srlea.)(1 0SAI'iPlE NO. lOCALITY FOR/l't.~ TI or~ 1I THOlOGY INSOLUBLE Fe Mn Ca H9 Sr Ba p Cu Ph In

72960466 2H/l GUllIho le ca 1careo 1te 12.4- .165 .480 35.4 .13 .026 15 320 22 50 22 '165.2 .34
" '.

~67 218/1
Faunnho

calcarenUe 7.4 .054 .017 37.0 .51 .049 <10 35 5 <5 I 10 44.0 .61
a'rdseve lst. .

468 2 n ca 1car'! 1'\1te 8~5 ' .088 .025 37.0 .39 .031 <10 50 8 <5 B 57.5 .38
", -'--,

469 3 oofllho le, COQU 1nHe 3.8 .135 .074 38.4 .il .07.5 70 I 7 5 R 140 221.8 .30
.-

470 4 • hlospar'te ,1. 2 .230 .077 39.0 .14 .031 10 115 2 <5 8 175.2 .36
-

471 5 " blosparHe 4.6 .370 .115 38.4 .19 .024 520 150 5 <5 .D 122. C .29
- -

472 6 n bl osparl te 1. 7 .460 .105 39.5 .25 .031 <10 135 5 <5 5 95.8 .36
-

473 7 " ~ !caren' te 10. 1 .170 .085 34.9 .13 .017 185 270 8 8 75 162.9 .22

474 1)' 11 blo~parlte 3.2 .420 .1?5 38.4 .22 .023 875 135 5 <5 5 108.3 .27 i

-P5 11 k b~osparl1e 17.1 .300 .240 33.0 .34 .032 275 285 5 130 ~.9 .44
,'---

476 219/1
Falllennlan

.icrlte 6.5 .092 .032 37.8 .23 .015 <10 60 2 <5 5 99.7 .18
Btrdsev6 I.st. ----

477 4 • Intraspart te 3.9 .155 .059 39.0 "''' •020 40 35 5 8 5 81.6

I~ :::• CJ
.

478 5 GUQlhv~o Intraspart te 6.8 .200 .080 37.8 .32 .022 25 100 5 15 12 71.7
.

419 7 n ca 1c3renl te 5. 7 .160 .175 37.8 • 13 .011 310 150 5 8 5 183.4 • 13

480 12 n ccqulnl tE.' 19.6 .240 .240 32.4 .23 .023 230 230 5 720 12 87.4 .32

~81 1.&. n llmontttc
30.5 .170 .125 21.5 4.68 .014 660 330 8 <5 15 2.8 .30

COQU 1nt te -
482 18 ~ sandstone 63.3 .030 .040 14.8

~
.003 165 210 5 5 25 74.8 .09

- .. ---- . ~---

483 26 • sandstone 41.0 J .043 .010 24.2 .08 .004 40 51 2 8 2 181.2 .08
. - --_.



-3SAi'iPlE NO. LOCALITY FORf"tA TION 1I THOlOGY INSOLUBlE Fa Mn Ca Hg Sr Blt P Cu Pb Zn Ca'M Sr
I 9 lea.)(10

72IH>().484 219/31 Gu!llho le sandstone 88.2 .045 .011 4.9 .02 .001 50 105 5 35 2 ' 135. 1 .09
'-.

485 220/2 I
ll~onlUc

25.1 .190 .210 28.6 .28 .016 410 230 5 .50 12 J51.9 .26
111l8stone .

486 3 n lImestone 29.7 .250 .260 27.3 .22 .019 120 240 5 670 15 75.3 .32

487 6 I 1\llonU'c 5.7 .440 .340 37.7 .22 .031 145 180 5 35 12 103.9 .38
H--

488 7 n 1hlestonp. 8.6 .210 .185 36.0 .26 .028 390 225 5 15 12 84.0 .36

489 B n lllllestone 5.8 .420 .370 37.7 .25 .040 430 135 8 25 1~ 91.5 .49

490 221/1 11
llQonHI c

5.1 .780 •140 37.2 .20 .032 60 135 5 8 '20 112.8 .39
cOQulnHe

1,91 222/1
Famennlan pelletal

4.6 .130 .070 38.5 .31 .029 35 30 8 <5 5 75.3 .34
SI Lst ora' "'stone ..-

492 2 Gulllho le "e11 eta 1 4.6 .160 .130 38.4 .24. • 017 175 70 5 40 150 97.1 .20gral nstl)nA

493 3 n skeletal
17.0

I
Qral nstone .215 .185 33.0 .17 .021 235 210 8 18 15 117.7 .29

-
494 8 n br3c~Iopod

11.9 .260 .145 35.5 .15 .019 135 165 8 18 12 148.5 .24
os~ra~~d
~-~ . -~ ....""
~

495 9 n sr.eletal
17.2 .230

gralnstone .280 33.0 .17 .026 175 345 8 90 12 117. 7 .36
- ~--._-- .- .-

496 10A n pe lletold
4.7 .057 .022 38.7 .15 .020 50~~1~aclast <10 2 8 8 161.9 .24-

- -
497 108 • skeletal 1).6 .290 .270 35.5 .21 .036 120 230 2 5 12 102.5 .46

Qt'a Instone

498 11 n brach'opod-
1:.1 .195 .2AO 34.4 .16 .022 425 390 2 8 20 134.6ostracod .29

n,."tn"i-n""

~99 12 " skeletal
3.5 .165 .170 37.9 .30 .029 255 330Qra; nstone 8 8 12 76.6 .35

--
. 500 2ZJ/~ n sandstone 64.2 .069 .037 15.3 .06 .013 160 30 2 <5 5 145.0 .39

.._-.
501 3 n mi crI te 3.7 .120 .043 38.2 .47 .028 <10 90 5 <5 8 55.2 .34

- -- _._--



-3oSAXPL£ tW. LOCALI TV FORMTION 1I THOLOGY INSOLUBLE Fe Mn Ca Mg Sr Bi:! P Cu Pb Zn Ca/Mg Srlea.x1

72960502 .223/4 Gulllho le b1o/pc 1sparite 2.4 I .105 .048 38.~ .39 .030 205 510 5 <S 10 ' 60.. 5 .35
'.

,

503 224/1 Naphr 11118stone 34.2 .050 .022 26.9 •13 .013 <10 75 32 85 32 U5.5 .22

50~ 2 ~ 1ntra sparl te 9.3 .081 .042 36.5 •19 .022 15 95 55 30 180 116.5 .28..

505 3 " hi ospar~ te 9.0 .105 .032 36.9 .08 .015 25 170 12 <5 5 279.8 .19

506 4 n bi oca 1caren- 14.Q .165 .034 34.0 .15 .018 15 720 8 310 8 137.5 .24
He

507 ! 5 n bl ospari te 7.6 .115 .029 37.4 •11 .015 20 175 5 8 8 206.2 .18
I

508 6 n ~ lcarenite 9.2 .110 ~O33 36.5 .08 .013 25 235 2 8 8 276.8 .16

509 7 11 ca 1caren; te 18.1 .175 .028 32.9 .20 .024 30 125 8 30 28 99.8 .33
--

510 8 11 s'lndstone 18. 7 .078 .025 33.3 .20 .016 15 85 5 18 12 101.0 .22
-

511 7.15/1 Plker Hllls pe 1spari te 3.5 .03~ .061 38.7 .29 .018 <10 50 32 <5 8 80.9 .21
-

512 2 Cl pelsparite 9.7 .057 .034 36.4 .27 .018 <10 60 12 <5 8 81.8 .23

513 3 " ca 1caren i ie 6.9 0062 .027 37.6 032 .022 20 65 5 20 8 71.3 .27
--- ._-_.

~"---:----

514 4 " intl"asparite 13.6 .060 .029 34. 7 .29 •017 <10 80 2 <5 8 7~. 6 .22

515 5 11 calcarenUe 3.4 .085 .036 39.0 .2R .019 10 50 5 45 50 84.5 .22
-

516 6 n ca 1crudHe 2.2 .040 .016 39.4 .33 .022 <10 30 10 5 5 72.4 .26

517 7 • ca 1crudi te 8.5 .095 .022 36.4 .31 ~022 <10 85 8 70 15 71.2 .28
- .-

518 8 It ca lcarefli to 4.5 .085 .031 38. 1 .34 .020 ~10 90 12 <5 8 68.0 .24-
- ,,__-0·. -- .- ...

519 9 • ca 1caren i te 9.3 .085 .024 36.7 023 .016 <10 80 28 12 8 96.8 .20
'---'-- ---'----- ---_.

\
'.



-3SAMPLE NO. LOCAll TY FORMTIOU II THOlOGY It/SOLUBLE Fe Mn Ca 1'19 Sr Ba P Cu Pb In Ca/ Mg Sri. Ca.x1 0

72960520 215/10 PH:er Hi l1s ca lcrudlte 3. 9 .064 .015 38.5 .31 .020 <10 50 25 <5 8 ' 75.3 .24-
....

-

521 11 " ~lcaren\te 4.2 .096 .035 37.5 .33 .019 <10 55 10 10 12 58.9 .23
-

522 12 " ca 1careni te 6.1 .071 .020 36.6 .18 .015 <10 80 8 5 8 123.3 •19

523 13 n ca 1crudi te 2.0 .145 .024 39.5 .23 .016 <1n 45 5 1) 5 104.2 .19

524 216/1 n <':31 crudi te 4.3 .150 .017 38. 1 .30 .021 <:10 55 2 5 8 77.0 .25,

.-

525 2 11 ca IcrudHe 3.2 .071 .017 38.5 .22 .015 <10 30 2 5 ~ 1(lo. 2 .18

526 3 n ca lcrudHe 7.4 .078 .022 37.3 ~26 .018 <10 75 5 5 8 87.0 .22
-

527 4 n ca 1crudl te 14. 7 .073 .020 33. 1 .18 .015 10 125 5 20 15 111.5 .21

528 5 n c:dcarenlte 8.8 .115 .020 36.1 .23 .021 <10 135 5 20 38 95.2 .27

529 6 I blosparHe 6.9 .165 .022 37.1 .29 .020 <10 110 5 5 10 77.6 .25

530 7 11 calcrudite 5.3 .085 .019 37.6 .18 .017 <10 120 2 10 15 126.7 .21
- -

531 a n ca 1caren He 6.5 .105 .020 37.3 .20 .015 <:10 50 2 15 8 113.1 .18
.. -

532 217/18 n 4.2 .100 .027 38.1 .16 .011 10 150 2 15 8 14•• 4 .13
. 1-

533 25 11 3.4 .062 .018 37.8 .23 •027 <10 75 5 10 32 99.7 . .33

534 26 n 3.4 .082 .018 38.4 .29 .027 <10 8S 5 5 15 80.3 .32

535 501/1 Sadler bi oca 1care" He 6.9 .026 .052 35.9 .23 .013 15 145 5 <5 20 97.3 .16
-

536 2 " bIoca 1caren He 8.7
~.~2

36.1 .23 .013 15 150 8 25 18 9S.2 16.
._----

~37 3 n ca 1caren' te 8.4 .026 .038 36.4 .26 .015 <10 155 5 <5 12 84.9 .1 9



-3SAr,PlE NO. LOCAl! TY FOR~tA TION LI THOLOGY nlSOllJ BLE Fe 11n Ca Mg Sr Ba p Cu Pb Zn Ca
/Hg

Sr
/ea.x10

72960538 f101/4 Sadl er blOlllcrHe 6.9 .026 .037 37.5 .25 .017 <10 110 5 <5 12 '100.0 .21
"

539 5 n bloml crHI3 9.5 .029 .044 36.4 .26 .014 <10 110 5 5 12 ~4. 9 .18

SItO 6 r- ea1caren1-re 6.8 .022 .052 37.0 .25 .014 <10 145 5 5 15 89.8 .17

541 7 It bI0111 I cri te a.8 .024 .01+2 35.9 .29 .016 <10 270 5 5 22 75. 1 .20
-

542 8 It ca lcarenlte 8.3 .027 .046 36.5 .30 .018 <1) 140 8 <5 22 73.8 .23

543 9 n calcarenHe 10.6 .026 .043 35.6 .32 .017 <10 1200 5 10 15 67.5 .22
:-

-

544 10 n ca lcarenl te 6.6 .022 .038 37.3 .30 .017 <10 680 8 5 . 20 75.4 .21
-

545 11 11 blosparite 5.2 .029 .042 38.3 .21 .013 <10 95 5 5 15 110.6 .16

546 12 11 blcsparite 6.3 .027 .027 37.4 .20 .014 <10 95 12 5 12 113.4 .17

547 13 11 blosparlte ~10.4 .036 .047 36.3 .25 .015 85 820 5 5 12 88. 1 .19

548 14 l! blosparlte 5.2 .022 .030 38.5 .23 .015 10 190 10 5 12 101.5 .18

549 15 • blosparlle 8,,4- .019 .045 36.7 .16 .011 70 375 19 5 12 139.1 .14
---'-~....,,-_.- -----'-----'

550 502/12 VIrgIn Hills calcarenlte 36.5 .045 .008 25.4 .19 .009 <10 315 5 c:: 20 81.1 .16.-
.

551 50312 Sadler ca1carenl ie 8.4- .033 .053 36.6 .20 .011 <10 140 5 10 12 111.0 .14
.

552 3 n llrnestone 17.6 .033 .022 32.8 •33 .014 <10 205 5 5 15 60.3 .20
--

553 411/8 GO?O lImestone 2. 15 .033 .021 39~ 2 .33 .021 <10 25 5 5 ~. 12.1
.. 25

- - - ---- -
554 38 11 10.4 .066 .125 35. 7 .21 .015 <10 95 18 10 12 103. 1 ~19

.---_. --f

555 40 " 7.4 .064 • 100 37. !J .17 .014 20 70 8 10 12 I 133.·3 .17
_._----



----~---~---~-__r-----_r_----~-.._,--___,--__,_--__r_--r__-~-_._--..__-_r__-_.,_--__--
SArPlE NO. LOCALITY FORMATION LI THOLOGY HISOLUBlE Fe Mn Ca Mg Sr Ba P Cu Pb In Ca/Mg Sr -3

/Ca.x10

72960556 504/2 NAPIER 27.5 .125 .069 25.1 2.35 5 ~. <5 28
,

6.7 .11

557 3 I 24.0 .155 .065 28.7 1.10 .006 20 90 5 ·5 28 15.8 .10

558 • .130 .072 25.4 3.00 5 <5 32 5.3 .09

559 5 I 20.5 26.1 4.40 .007 15 145 5 10 28 .12

560 6 • 27.3 •HO .043 28.7 .?n .. onl) ~o 190 5 10 28 1l7.1l .10

561 1 • 30.8 ..155 .044 23.2 3.15 .006 20 270 5 <5 28.~ 4.5 .12
----il----ii------t--------t-----ii---I----i·--+----t---t---t---r--~---}--+----+----

562 8 If .009 15 295 5 5 22 68.2 .15

563 9 • .095 .021 .26 .011 <10 145 5 10 15

,0 • 10.8 .000 .020 35.8 .22 .014 <10 95 2 5 15 .18
-----+----1-------+------+-------+---;----+---1---.--1'---+---.,1--4----4---+-----.,1---~---

565 11 • .130 .()4.9 25.R 1.85 .nn~ 10 260 5 5 25 8.5 .11
------;-----+------t-------+------;----+----+---t----t----+---+----t---+---f---~------ ------

566 12 I .130 .054 23.2 .37 .002 55 320 5 8 35 38.0

567 13 I 35.6 .130 .05; 22.5 1.90 .003 50 280 5 8 35 .06
----t-----t-------/------+------+---1----t---t----I----ll---I-·--·-t---t----I---I·----·-

568 14 • .200 .()4.0 .004 35 285 5 8 32 .09
-----+-----+-------4------+------+----t----/----/---t---/---i1--+---4---+---11---~I----

----f-----f-------/-----·--t-------/----l---l---t----· ---

.06

.10

2885

:: :: : ,: ~:: :~: ~:: .

55 240 8 <548
--------,----

.003 85 415

•27 .001

.26 .003

2.20 .00523.0

.115 .~3

.195 .~3

.165 .042

.380 .050

38.2

34.1

40.1

36.5

n

•

•

•

•

15

16

11

18

19

569

570

572

571

573



-3SMiPLE NO. LOCALI TY FORM TlaN Lt THOLOGY INSOLUBLE Fa Mn Ca Mg Sr Ba p
J

Cu Pb In Ca/Mg Sr/Ca.x1 0

5~/20 /<10
,

7296057. UPIER 30,,8 .110 .042 26.5 1.15 .OOS 270 5 '. 5 28 n.D .09

575 21 I 16.8 .on .027 33.9 0.19 .01 0 <10 130 5 <5 18 108.2 .13

576 22 • 16.8 .090 .024 32.2 0.21 .010 <10 110 5 5 15 93.0 .n

577 23 • 22.8 .07. .(}\.. 30.6 0.77 .005 35 180 12 5 30 24,,0 .01
-

57l) 2. • n.s .095 .043 30.1 3..00 0010 <10 205 5 5 28 6.1 .15

579 101/1 N'IHGB ING 2.1 .105 .070 25.5 10.10 .1)08 <10 245 2 10 2:2 1.5 .14

580 2 • 3.5 .110 .0\.9 25.1 10.10 .008 <10 280 2 10 60 1.5 .15

581 3 • 3.0 .120 .(}\.3 25.7 9.10 .009
I

260 2 10 40 .161<10 1.6
I -

582 4 • 2.6 .125 .O~ 28.3 8.20 .010 <10 330 2 10 22 2.1 .16

583 5 Ii 3.9 .145 .051 29.6 6.65 .009 <10 280 2 10 20 2.7 .14

584 6 • 2.9 .225 .051 24.9 10.50 .011 10 680 2 <5 22 1.4 .20
-

585 1 • 3.9 .190 .065 21.5 8.30 .012 30 2300 2 <5 42 2./) .20
. '--'---------- -----' ____Po

.._----- .._--
586 8 • 5.4 .180 .053 25.4 8.95 .010 10 315 2 5 28 1.7 .18

-

587 9 IJ 4.2 .120 .~6 28.7 1.00 .010 <10 275 5 5 22 2.5 .16
,

528 10 • 1.6 .019 .828 38.8 .60 .017 <10 30 2 <5 12 39.2 .20

589 11 • 2.7 .125 .047 25.4 10.00 .009 <10 240 <2 5 15 1.5 .16

590 702/1 11 5.3 .024 .009 37.3 .37 .014- 10 ~O <2 5 10 61.2 .17
- ._-- ---- ---7'----- .._----

591 2 • 2.~ .022 .026 35.6 2.50 .009 <10 65 2 <5 8 8.6 .12
- ------ ,

"

I



-3SMiPlE NO. lOCA Lt TY FOR:~iA_ TION LI THOLOGY INSOLUBLE Fe VIn Ca Mg Sr Ba p Cu Pb In Ca/Mg Srlea. ~1 0

I

J 7fl?/'J.
-

72960592 . '--. ". 1~f(G91.6 0.9 .050 .052 24-.5 11.10 "O~ <10 15 2 '_ <5 50 1.3 .07
.

593 4- " 2.6 .034- .028 38.9 .30 .015 <10 650 2 5 20 78,.7 .18

594 5 • 1.0 .017 .011 39.A .4-6 .021 <10 190 2 <5 12 52.5 .24

595 6 I 2.6 .027 ... 018 39.0 .48 .rn5 <10 34-5 <2 5 12 49.3 .18

.076 1~5
--

596 603/1 BURT RANGE bIoca1crudlte 2.8 .045 .fn7 37.~ 1.01 190 <2 <5 8 22.6 .92
.-

591 6~/1 flJno~ BEDS sandstone 45.2 .061 .030 22.6 !.10 .006 <10 80 5 15 12 144.3 .12

598 2 atRT RANGE b1oca1cartll Ht' 12.7 .175 .046 34.8 .24 .024- 10 80 5 10 -120 88.0 .32

599 3 • ca1caran1tit 18.7 .100 .074- 32.6 .23 .026 130 25 5 15 12 86.0 .36
.--

600 4-
, • 16.4 .081 .037 33.0 .31 .031 <10 65 5 5 15 64-.6 .43

I

601 5 II b10calcarenHe 9.1 .076 .028 36.5 .26 .035 <10 70 2 15 12 85.2 .44
.

602 6 If c~lcar90'h ~-~ll ';i)4.8 1I-027 31.7 .34- •Os.\- 960 <20 2 5 12 67.3 .66

603 7 • • 10.8 .057 .013 350 6 .51 .0.1)1 <10 <20 50 20 12 4-2.3 .66
. -----._-- ---- ._--- ----

60\ 8 • • 6.6 .053 .014- 31.5 .34- .050 <10 <20 2 15 10 66.9 .61

605 9 11 • I 22.3 .073 .017 31.1 .23 .~8 10 30 2 5 30 82.0 .71

606 10 • oosparlte 5.1 .085 .041 37c5 c39 .070 <10 40 2 5 48 58.3 ..85

607 11A • ca1caren tto 6.2 .029 .009 31.7 .~2 .068 10 20 2 15 12 5'..5 .83
-- ---f-. -----

608 118 • ca lclsn tlte 6.2 .024- .012 37.3 .50 .086 <10 30 <2 5 12 4-5.3 1.05
.--- _.~..-.

609 12 • ~ Io...qO sp ad t" .9 .059 .020 ji8.7 .~1 .072 <10 80 2 5 12 58.7 .85
~-

_ .. ~._-



-3- -
SAMPLE NO. LOCALITY FORMA TION II THOLOGY INSOLUBLE fe M\1 Ca Mg Sr Ba P Cu Pb In Ca/M9

Sr
/Ca.x"O

,

72960510 5O+/13A BURr RANGE S1ospar1te 17.7 .099 .041 33.4- .21 .(!40 <10 60 2 ..... <5 15 96.5 .55-- f----

611 14- • • 1.,5 .057 .017 39.5 .37 (1076 <10 100 2 <5 8 64-.8 .88-_.

612 15 I PelsparHe 3.3 .060 .026 38.5 •37 .056 ,(10 <20 8 <5 8 63.1 .f)7

6r~ 16 • Ca1cat'm 1ta 6.8 .021 .010 31.~ .35 ~ 10 <20 2 5 8 64-.8 .10

614 17 • • 10.3 .081 .033 36.0 .34 .058 <10 110 2 <5 8 64.2 .74
.,.

615 1e c Calclsl1tite 9.8 .062 .027 36.2 .27 .066 <10 45 2 <5 23 S1.3 .93
- -

616 20 ;; B1oc21cls1Hit 12.4 .092 .036 3"-.8 .'28 .().\.2 <:10 60 2 <5 '12 75.4 .55

817 11 • 8\osparHo 14.ll ~m3 ~;o21 33.2 .37 .073 <10 110 2 <5 12 54.4- 1.il1

518 22 I iI 5Q Q .O!l7 .022 36.8 .43 .082 <10 115 ? <5 5 51.9 1.02..

619 23 11 Ca1car'llnHto 4-.2 ~O60 'eO'! 9 37;.,7 I .4-5 ~O76
1

835 HO 2 <5 8 SOeB .92
----,

620 605/1 BUTTON BEDS Ca1e-san DstO::l9 . 21 ..8 ,(lQO .()4.0 '30.9 .2~ .Ot6 liD 110 2 <5 18 18.1 .24

621 60S/1 • Sandy DololHe 56.5 .C)Or) ,OV 16.8 .52 ...O~ GS 25 2 5 -R 19.5 ~11

- --- ----
622 2 • Ca1o-san dstone ~8.S .071 .033 2G.2 .32 .004- HO 100 5 30 10 38•.3 ~09

.

623 5 • San dy 11.8stoo E 21.2 .071 .035 28.3 .35 .004- 140 125 5 5 180 ~9.1 .06

624 8 • DololHle Sandy
69.9 .067 .040 128 2 ..08 .003 215 100 2 5 20 94.9 .11Ulestone

-

625 9 • Cale-sandston. 68.9 .074- .031 12.4 ..06 .OO\. 50 170 2 <5 22 117.5 .15

626 11 • Ca1e-sandstone 26.6 .083 .046 28.9 .'16 .008 30 110 2 <5 5 113.1 .13--_. --- ----- - ----. --

I I
I -



-3
,~I

,~,

Ca/l1g
se-SAMPLE ~lO. ' LOCAL 1TY FOR!".A TION ' 1I THOLOGY t:;SOLUSlE Fe I':r. Ca fo!g Sr g~

0 Cu Pb In. jCa.x1 0
, '

" '
,

; .
72960627 505/14 ,BUTTON BEDS, Cale-sandstone' 68,,0 .076 .032 12.9 .05 .003 40 50 5 " '<5 5 1470 5 .11

628 15 • • 45 0 5, .057 .032 22.1 .09 .007 ' 20 65 5 <5 8 ' lM.1 .H-
,

629 17 • Blocalcarenlh 17.5 .090 .037 33.4 .26 .015 45 4!) ) <5 18 11.9 .21

! ,

630 19 • Sandstone 43.2 .on .035 23.1 I .13 .015 40 95 2 5 22 112.1 .30
- _.

',' 631 21 • Blocalcarenlte 20.3 .110 .072 31.3 .17 .011 25 125 2 <5 10 111.7 .16
_.-

632 22 • Cale-sandstone 63.3 .052 .027 15.1 .04 .;om SO 75 <2 <5 5~ 218.1 .12

633 23 BURf RANGE alosparHe 24.3 .064 .033 30.2 .H .018 15 15 2 <5 '22 130.9 ~27

534 24 • • 5.6 .100 .058 36.2 .25 .026 855 75 2 5 10 " 81.8 .33

635 25 • • 6.0 .011 .027 36.9 .36 .044 70 60 <2 <5 10 62.2 .55

636 26A • 11 5.4 .092 .031 35.8 .30 .Q4.1 1<10 50 2 <5 25 72 .4 .52

631 258 • Pelspartte 5.4 .062 .030 31.2 .36 .030 160 40 2 <5 8 &? .1 .37

638 27 • CC'.i caren 1te 3.1 .061 .026 37.3 .39 .036 165 20 5 <5 8 58.0 .44
.- - ---- --_.-- '---- ,------

639 28 I 11 8.6 .014 .030 360 0 .29 .031 <10 30 5 <5 8 15.3 .38

640 29 • f 6.4- .059 .025 . 36.4 .39 .025 <10 30 2 <5 10 56.6 .31

641 601/1 • Oosparlte 9.5 .062 .029 35.5 .36 .028 <10 60 <2 <5 8 59.8 .31
---

642 2 • • 11.0 ..064 .027 34.1 .36 .028 <10 50 2 5 8 58.5 .36
. - - 1-,-- - -

M3 3 • • 30 6 .069 .024 37.1 .31 .035 <10 30 2 <5 8 61.8 .42
---- -----f--.- - -----

644 4 • li 3.8 .059 .021 31.9 .36 .032 <10 <20 2 <5 5 63.9 .39
-----



-3
"

SAi'lPLE NO. LOCAl! TY FORl"aA TION II THOLOGY INSOWBLE Fe Mn Ca Mg Sr Ba P Cu Pb Zn C;a/~() Sr!Ca.x1 0

i ,

72960~5 601/5 BURr RANGE Calc::arenlte 7.0 .051 .022 37.3 .41 .OH H5 30 2 '. <5 12 55.2 .58

~6 6 I • 16.4- .051 .023 33.6 .35 .033 10 40 2 .<5 8 58.2 .45
- ---

641 1 ' • OosparHe 5.7 .052 .025 37.9 .41 .042 <10 30 2 <5 8 56.1 .51

,. ~8 10 • Calcarentte 20.7 .100 ..024 31.7 .29 .025 <10 45 2 5 35 66.3 .36
-

c
~9 15 • Of slllt~r' h 15.6 .078 .016 33.7 .36 .026 <10 50 5 <5 8 56.8 .35

.-

650 16 • Ca1caren He 6.3 .018 .011 31.8 .40 .039 <10 <20 2 <5 5 57.3 .4-1
-

651 18 • Pt sosparf te 6.7 .057 .015 31.2 .48 .051 10 25 <2 <5 5 41.0 .63
-

652 21 • Pelsparlte 24-.2 .088 .019 30.3 .24 .026 <10 35 2 <5 8 76.6 .39
_.-

653 25 • PI sosparl to 8.6 .095 .022 36.3 .25 .031 45 50 2 <5 8 88.1 .39

654- 26 • Calcarenlh 8.4- .091 .015 36.9 .•38 .()4.1 <10 15 2 <5 8 58.9 .51
-

655 28 • Oospartte 3.1 .099 .025 38.5 .37 .Q4.0 <10 35 2 <5 8 63.1 .48
" .

656 30 • Ca1caren tte 3.2 .105 .026 38.8 .39 ..Q4.0 <10 40 2 <5 8 60.4 .47
. --..--.- ---

657 31 • , • 34.4 .100 ~018 36.6 .28 .034 <10 80 2 <5 8 57.6 .58

658 32 • • 15.3 .052 .015 34.2 .40 .040 <10 65 <2 <5 8 51.9 .54
,~

659 33 11 Oospartte 2.7 .110 .035 39.,0 .40 .04-8 <10 45 <2 <5 5 59.1 .!Xi ,

660 52 if CalcarenHe 9.1j .000 .O~7 36c~ .40 .032 <10 70 2 <5 12 54.9 .40
---.

661 56 • • 6.2 .055 .036 31.6 .5lt .064 <10 150 2 <5 a 42.? ",7~

-- -_. ---- --~ -. .
66~ sa It " 22.9 .01+1 .O1~ 31.1 .31 .032 <10 50 <2 <5 5 60.9 .4.7

---- -- -.



,
.j
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-3SAMPLE NO. LOCAll TY FORriA flaN LI THOlOGY It/SOLUBLE Fe Mn Ca 1'19 Sr Ba p Cu Pb Zn Ca/Mg Sr
/ea.x10

.~

,

12960663 607160 BURT RAtiG£ C::llcarenHe 18~5 .0413 .l)~5 31.6 .37 .O5-\- 270 70 2 ~. 5 12 51.8 .1fj

664 63 • • 21.0 .1).4.8 .025 31.~ .~1 .flII.9 10 iJ5 2 5 12 w.') .71
. ._---

665 66 11 • 2.7 .036 ~03a 39.0 .46 .070 <10 90 5 10 5 51.4 .~2

-

666 67 • B'osparHe 4.1 .036 .033 37.4 .42 .072 <10 80 2 5 5 5'-.0 .88
-

661 68 • Ca1caren' to 2ft.1 .Q4.3 .020 30.8 .26 .055 <10 130 2 <5 5 11.9 .132
--_..-

668 14 • 11 5.0 .052 .Qlt.o 38.2 .36 .067 360 45 5 5 .5 M.4- .an
'.

!
._-

tl~g 82 It B10spar1 le 2.1 /J62 .032 38.9 ..A-1+. .075 960 20 5 5 5 53.6 .88I
-

670 81 • • 4..1 .~O .030 31.7 .35 .080 <10 30 2 5 5 65.3 ~Q1

-

fj71 3~ • 11 5.0 .045 ..:tl24- 38",2 .43 .105 <:10 60 2 <5 5 53.9 1.26
. - -

672 85 • " 4.3 .038 .024- 37.4 .40 .087 <10 45 5 <5 5 56.7 1.06
___ 1- - ---- -_. ------

613 91 • Calcaren'te 18.1 .031 .014- 32.6 .39 .094 <10 80 5 <5 ':' 50.7 1.32.1

- -

614 9~ • 11 8.1 .022 .012 36.1 .44 .105 <10 40 2 5 5 49.8 1.33
---_.'---- . ~_.._- --- ------ -------

675 95 11 ,
10.5 .041 .026 35.8 .45 .041 <10 45 5 <5 5 48.3 .52

. -
676 97 It Pe 1sparHe 2.5 .092 .025 39.0 .36 .063 115 65 5 5 5 65.7 .74-

677 98 n Ca 1carenl h 3.0 .092 .026 38.5 .35 .046 <10 65 2 5 5 66.7 .55

678 104 • 11 10.8 .115 .026 r 35.6 .29 .060 <10 100 5 5 12 74.5 .77
- _. -. -_.- '-- -

679 105 11 S'osparHe 2.6 .145 .041 39.3 .35 .058 <10 80 2 5 5 6R.1 .68

-- ---.- .-

680 106 • Ca1caren Ite 2. 1 .115 .032 39.0 .38 .I .071 20 75 5 15 5 62.3 .83
-

t•.



-3SM1PlE NO. LOCALITY FORMA TION LI THOLOGY INSOLU 8lE Fe Mo Ca Hg Sr Sa p Cu I Pb Zn Ca/Mg Srlea. x, 0

.
72960681 607/109 BURT RANGE Pe1sp. arHe 3.8 .047 .017 38.4 .41 .076 <10 50 2~, 5 8 56.3 .91

682 110 • • 5.1 .067 .020 38.2 .41 .075 30 70 2 <5 35 5Q.5 .90

6R3 116 11 Calcarenlte 25.7 .076 .0:>9 29.7 .36 .047 <10 210 2 5 10 50.0 .72

684 120 • • 20.8 .040 .018 31.9 .38 .062 <10 110 5 <5 8 50.9 .89

685 124 I • 4.7 .048 .017 38.3 ,,'}2 .064 60 95 5 8 8 55.3 .76

686 125 • a'osparlte 2.6 .064 .015 38.5 .37 .057 <10 110 5 8 8 63.3 .68

687 126 n Oosparl te 4.2 .~3 .012 38•• .40 .058 <10 85 2 8 5 58.2 .69

688 127 I " 4.3 .052 .012 38.7 .38 .049 <10 140 2 8 8 61.8 .58

58!} 128 n Pelsparlte 2.5 .037 .013 38.. 9 .40 .062 <10 95 5 <5 5 59.0 .73

.'

690 129 11 coqu' nite 3.2 .037 .019 38.6 .34 .04-8 <10 100 5 <5 5 68.9 .57
.

691 130 • OoHte 3.5 .043 .015 38.8 .40 .056 <10 75 2 5 5 58.8 .66

692 131 n B'osparlte 4.3 .'038 .017 38.0 .37 .055 <10 75 2 <5 8 62.3 .66

'--" .-_.- '-- -~- -_.. .-._- _-.J,,_____..........~

693 132 n Oosparite 3.0 .038 .016 38.8 .32 ,,052 <10 75 2 <5 5 73.6 .61
.

694 133 11 • 4.0 .036 .016 38.6 .34 .057 <10 110 2 <5 5 68.9 .68

695 134 It Pelspartte 4.,2 .071 .015 38.2 .24 ..045 <10 200 5 <5 12 96.6 .54

696 135 • " 3.7 .071 .015 38.4 .26 .046 <10 110 5 <5 12 89.6 .55

-
691 136 • 11 2.7 .155 .014 39.0 .29 .049 <10 110 2 <5 8 81.6 .57

--- .

698 137 n Oosp:lrlte 1.9 .210 .012 39.4 .3f .067 <10 85 2 <5 8 70.3 .78

J,.,



LOCALITYSAl'iPlE ~O.

:/
----.-----;-----~-_r_----__r----_..,--__,..--_r--....,...--__r_--.,...__--_r'--.r_-_r_-__..,..---,----....----

FOR/"aATlON LITHOLOGY INSOLUBLE Fa Mn Ca Mg Sr Ba P Cu Pb In Ca/Hq Sr/Ca.x10-3

72960699 607/13C BURr RANGE Pe1sparHe .185 .010 38.6 .31 .058 <10 105 8 '75.5 .69

.66B 65.75 <580.056 <10.3639.0.097 .0122.6Ca 1t;aren' teJI139700
----f-----t------1I------I------f----I----+---+---+----I---l-- ,----<----f--~-,--__I----

701 140 " • 2.2 .135 .014 39.1 .40- .079 20 100 5 <5 8 59.3 .92
-----jr-----r------l-----+------+----f-----+---4---+----J.---+---I-----t---+--J----+---

702 1'.1 " D 1,8 .115 .017 39.5 .37 .071 <10 100 5 5 8 64.8 .82

703 142 a n 5.2 .087 .022 38. 1 .31 .072 10 125 2 5 8 74.6 .86
----t----+-------1I------+------t----+----+---+---+--~--+--+---f---I-,.--f-------1-----

704 143 n Slosparlte .055 .025 38.3 .42 .155 55 90 5 5 1.85
-----t----t------l:-------+------+---.j------1----I----i----t---+--+---l---t---+--':"'--+---

1.518 54.75 <5105.125 20.4-237.9.057 .0235.6Pelspariten144705
-----t-----+------+-----+-----t---t---r---+----f---+--<f---I---l--+---+----t-.----

706 145 n 11 6.9 .052 .022 37.1 .50 .15C ~O 120 2 <5 8 45.0 1.. 85
-----jr-----t------t------t------t----t---+---+----t---+---+---t---.f---I---I----l-----

707 14R 11 Ca lcarenl'te 18.3 .115 .033 32.0 .32 .039 25 430 8 <5 15 60.7 .56

708 151 n Pe lsparHe 4.5 .175 .023 38.2 .35 .115 <10 125 5 5 12 66.2 •. 1.38

709 152 • If .097 ~042 37.9 .33 .11: 80 110 5 5 5 69.7 1.39
----t----t------t-----+-----+---t---t---t----!---+--f--i---~---+---+-----1--_ .

710 153 n I .067 .043 38.3 .24 •125 545 120 2 <5 15 96.. 8 1.49
------i-----j!-------l--------I------+---I---- ---- --,---I---I!----~··--·f---l·---------- ----

711 154 R n 6.5 .067 .024 37.7 .42 .11~ 50 150 2 <5 15 54.5 1.40

712 156 If n 11.9 .088 .032 35.3 .47 .11' 820 185 2 <5 15 45.6 1.49

713 161 It Calclsllt He 10.9 .041 .015 34.9 .40 .15~ <10 105 2 <5 15 52.. 9 2.03

714 162 u CalcarenH'3 8.5 .043 .016 36.0 .37 .15~ <'10 105 2 5 8 59.0 1.97
----t----t------t-------f-----+---.j---+---t--~'---_l_--..f---+_---1---+_--1----- -----

1.5910 55.• 1<52.38 .12( <10 95

.~-~-:~G'___2_4_---8__1-_-=~5~ -_62=_.~7~_1-~-.~-~~1-~37.2

34.5.016

.015.043

.041

5.3

14.3

Q

n

n

11

1M

163

71 fi

715
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Ll THOLOGY INSOLUBLE Fe Ca Ca/Mg SrSAKPLE IW. LOCAlITY FORMA T100i Mo Mg Sr Ba P Cu Pb Zn lea. 1'10

,
72960717 607/165 BURT RANGE Ca 1caren its 3.4 .033 .015 39.1 .37 .160 <10 70 5._ <5 8 64.1 1.87

71R 166 Q h 3.6 .033 .015 38.7 .42 .150 <10 75 5 <5 5 55.9 1.77
- ---

719 167 • 11 2.7 .040 .015 38.9 .33" .150 20 10 5 5 5 71.5 1.76

720 168 • • 2.8 .074 .015 39.1 .26 .105 <10 50 5 <5 8 91.2 1.23

721 169 • B'osparite 3.3 .180 .017 38.3 .32 .115 765 75 5 <5 22 72.6 1.:n
,-----

722 170 " n 2.2 .165 .028 39.2 .26 .078 320 60 5 <5 -8 91.5 .91
---

723 177 n It 2.1 .048 .017 39.3 .36 .120 80 45 5 <5 5 fi6. 2 1.40

724 187 11 n 4.4- .095 .026 38.8 .2fi .115 <10 60 5 <5 5 90.5 1.36
-

775 18R n It 4.0 .073 .019 38.4- .27 .160 <10 50 5 <5 10 86.3 1.91

726 189 " 11 3.4- .069 .020 38.6 .31 .125 <10 50 5 <5 5 75.5 1.48
--- -t--_.---

727 193 n Pelsparlte 13.2 .074- .024 34.2 .17 .095 <10 90 5 <5 8 122.0 1.27
-

728 195 11 a 13.0 .083 .023 35.5 .18 .085 <10 75 5 <5 '5 123.1 1.1
. . ..,_ .._-- . --

729 196 " 8' ospar' tA 8.3 .073 .023 37.4 .21 .100 <10 60 5 <5 5 108.0 1.22
.

730 200 It • 2. 7 .069 .022 39.5 .28 .091 <10 35 2 -<5 12 85.6 1.05

731 201 " a 3.0
.O61~

38.8 .36 .080 195 50 2 ~5 5 65.4- .94

732 2~ 11 R 2.6 .081 .027 38.8 .27 .120 185 75 5 <5 5 81.2 1.41

733 205 11 Oospar' te 5.5 .078 .027 38.0 .30 .170 655 75 5 5 8 76.8 2.05
~ . --_ .. _-- t--_· -

734 ~ a Blosparite 4.8 .094- .024 38.2 .23 .160 <10 6~ <5 8 100.8 1.92
--.



-3oSAXP LE NO. LOCALI TY FORM TION LI THOLOGY INSOLUBLE Fe !'in Ca Hg Sr Ba p Cu Pb Zn Ca/HI) SI' le .'I d.)(I

2960735 607/222 Burt Rang. cal caren' to 35.'9 .080 .027 25.5 .16 .053 <10 120 2 <5 8 ' 96.7 .95
"

736 226 • blesparl h 10.0 .05,. .037 35.7' .30 .066 20 45 2 <5 5 12.2 .85

137 230 It ca1carenlte 27,,7 •. 093 .034 28.0 .14- .065 <10 110 2 5 12 121.3 1.06

738 233 11
,

calcsandstone 4-8,,9 .059 .026 20.5 .08 .02/t. <10 135 <2 <5 5 154.3 .53

739 234- It calcsandstone n.8 .062 .028 29,l. .16 .046 <10 80 <2 <5 5 111.5 .72
-----

14-0 236 E' calcarenlte 14.7 .080 ~029 34-.0 .31 .066 <10 50 2 <5 -g 66.5 .89
-

7~1 238 • calcaren'h 25.2 .120 .037 29 ..1 .22 .058 10 90 2 <5 22 80.2 .91

74-2 245 • calcarenlte 2.6 .087 .0~\4 38~5 .32 .010 30 60 2 <5 5 73.0 .83

143 247 • calcarenlte 51.1 .073 .043 19.6 .22 .010 35 105 2 <5 12 54.0 .23
.

144 249 • do1Ollllte 39.5 .064 .027 24·.1 .11 .031 <10 15 2 <5 '8 139.2 .59

745 259 • calcaren' te 47.3 .094- .029 19.9 .11 .019 15 190 2 <5 8 109.7 .44-

7~6 269 • bl osparl h 6.9 .073 .037 37.1 .21 .049 <10 15 2 <5 12 107.2 .60
. . ..._---~._. -.--- ._---- ------

747 275 11 oosparlte 6.0 .069 .039 36.6 .21 .065 <10 50 2 8 20 105.7 .81
.

148 276 It oospart te 5.0 .059 .032 37.0 .28 .076 <10 50 2 <5 8 80.2 .94-

749 278 • oosparth 5.7 .062 .030 36.9 .38 .072 I <1G 90 2 <5 20 58.9 .89

750 279 It calcarenlte 31t.7 .057 .023 25.7 .16 .054- <10 90 2 <5 5 97.4 .96

- - -

751 280 11 oosparlte 6.0 .074 .034 36.9 .29 .046 <10 55 2 <5 5 77 .2 .57
._- -- ----

752 281 ill bl ospar' te 8.3 .050 .028 35.7 .33 .059 <10 65 2 5 5 65.0 .76
._-

1



-3oCu Ca/H9
Sr

SAMPLE NO. LOCALI TY FOR/"tA TION 1I THOLOGY INSOlU BlE Fa Mn Ca Mg Sr Ba ? Pb In ICa ..x1

72960753 607/285 Bud Range ca1caren' te 22.9 .055 .025 31.0 .27 .036 <10 105 5 <~ 12 . 69.7 .53
'. --.----

I

754 289 u ca1carenHe 17.8 .095 .028 32.5 .27 .048 <10 75 5 ,5 12 :1" ' .68".~

-

ni5 290 n ca1car en' te 13.0 .087 .032 34.2 .28 .047 10 60 2 <5 55 74.1 .63
-

756 292 " blospar,te 7.5 .094 .036 37.0 .30 .058 20 70 5 <5 15 74.8 .72

757 301 • blospar'te 13.6 .081 .027 34.5 .27 .051 <10 75 5 <5 10 77.5 .68

758 302 • calcarenlte 25.7 .120 .032 30.3 .31 .078 10 140 5 <5 1Z 59.3 1.18

759 303 • calcaren'te 11.9 .110 .037 35.5 .27 .085 20 95 5 5 8 79,8 1.10
~

760 304 • bl oca1carenl te 24-.6 .450 .043 30.2 .24 .066 280 125 5 <5 12 76.3 1.00

761 307 " b, ospartte 15.9 .110 .043 34.2 .26 .055 70 105 5 f <5 12
~.

,74-
~_._-

I
752 312 • b'ospar,te 14.4 .100 .042 34.4 .24 .047 <10 90 2 <5 8 86.9 .62- - .._--_ ... -.'.

763 31+ • b'osparlh 4.9 .094 .037 37.9 .35 .065 <10 70 2 <5 5 65.7 .78
-- - 1----

764 32~ • b, ospart te 8.5 .120 .036 37.1 .31 .096 <10 70 2 5 5 72.6 1.18
-.,--- '-- ._-------_._--- --

765 325 " calcarenUe 16,6 .099 .050 34.1 ,27 ,049 20 95 2 <5 12 76.6 .66
.

766 335 It blosparlte 5.4- .069 .032 37.9 .25 .058 <10 45 5 <5 5 92.0 .70

767 336 • dclo.\te. 34.8 .130 .030 25.8 .16 ,032 20 135 I 2 <5 8 97.8 .57,
-

15-1768 337 • do 1omHe 37.6 ,,071 .027 25.6 .16 .033 10 2 <5 12 97.1 .59
- . -----

crlnoldal
769 338 It 1h1estone 3.3 .050 .027 38.6 .30 .110 <10 60 2 <5 12 78.1 1.30-
770 339 • calcsandstone 23.2 .064- .032 31.1 .17 .061 <10 60 2 <5 5 111.0 .90

- -----



-3oSAMPLE NO. LOCALITY FORMA T1011 LI THOLOGY INSOWBlE Fa ~ln Ca Mg Sr Ba p Cu Pb In Ca/Mg
Sr

ICa.x1

72960771 607/342 Bud Range b' olpar I t£; 3.4- .090 .049 37.8 .23 .064- 10 45 5 '. 5 8
,

99.7 .77

772 343 • bl os par-I te ')0 n .110 .030 23.9 .19 .028 10 215 5 <5 20 )6.3 .54"';,.u

I
773 344 11 calcarenl te 28.3 .088 .034 28. 7 .20 .04-1 <10 160 5 <5 8 87 ..1 .65

774 346 • calcarenlte 23.9 .110 .033 30.4 .20 .066 <10 120 5 5 15 92.2 .G9
-- - -

775 347 It ca1carentte 25.9 .115 .036 29.3 .19 .048 70 120 5 <5 8 93.5 .75
--- .

776 348 " ca1carenl ta 16.9 •125 .043 32.9 .20 .065 10 95 2 5 8 99.8 .90
----,

777 350 It calcarenlte 42.1 .Ogg .OH 23.2 .12 .018 10 170 2 <5 8 122.4- .35

778 352 I • ca1caren' te 20.0 .105 .035 32.5 .18 .063 <10 260 2 <5 8 112.6 .89

779 355 11 calcaren'te 36.4 .115 .038 25.5 .14 .030 35 110 5 <5 10 110.5 .54-

780 356 • calcarenlte 35.6 .155 .. 04-5 25.3 .17 .035 10 165 5 5 12 90.3 .63

781 '360 • ca1carenlte 44.~ .105 .033 22.0 .13 .022 20 190 5 5 15 106 p 8 .46

782 367 • bl os~)arfte 5.3 .083 .04-3 38.1 .20 .01t3 10 30 5 10 5 115.5 .. 52
--- -- -'--- '---'- _...._---

183 368 • bi ospartte 5.6 .090 .038 37.8 .21 .04-7 <10 35 5 <5 5 109.2 .57
. .

784 369 It calcarenUe 20.4 .076 .032 31.8 .19 .047 <10 70 5 <5 8 10~,3 .68

785 370 • cdcarenth 10.5 .080 ,032 35.4- .23 .056 <10 80 2 5 8 93.4 .72
.

786 37~ • cal carenHe 21.1 .076 .029 32.0 .19 .043 <10 135 5 <5 10 102.2 .61

787 375 • blosparlh 1.8 .052 .031 39.2 .35 .061 365 135 5 5 12 61.9 .71
-_. --- -- -------

788 60B/1 Bu tt on Beds calcsandstone 53 .9 .092 .044 18.6 .09 .006 <10 30 5 5 8 129L~5



-3
SAl'iPlE ~O. LOCAll TY I FORMA TIOlI 1I THOlOGY HiSOLUBlE Fe 11n Ca - MC) Sr Ba p Cu Pb Zn Ca/l1g Sr/Cacx1 0

".

72960789 608/11 Bud Range pelsparite 21.0 .078 .037 31.4- .36 .027 1035 60 5 5 12 ' 52.9 .39
~-

790 12 • palspartte 20.2 .069 .029 32.0 ' .36 .027 30 65 5 10 8 ~3.9 .39

791 21 • b'osparHe 7.5 .130' .041 36.0 .50 .037 495 30 5 <5 12 43.7 .H

792 22 • calcaren'te 8.0 .190 .049 36.3 .63 .030 1010 35 5 ' 8 5 35.0 .38
.

793 21 • b' ospar' te 3.8 .041 .022 38.3 .50 .033 20 <20 5 5 12 46.5 .39
--

794- 28 • calcarenite 18.4 .080 .024- 32.3 ' .32 .030 15 60 8 5 1( 61.2 .42
-

795 34A 11 calcarenlte 42.9 .085 .024 22.6 .21 .014- 45. 105 5 10 8 65.3 .28

796 348 • calcarenUe 42.0 .096 .023 23.1 .21 .OH 55 110 5 5 8 66.7 .28
~..-

197 35 11 calcareolts 5.7 .085 .023 37.4 .43 .055 40 4-5 5 5 8 52.8 .67

198 40 • calcareni te 5.3 .083 .023 ' 38.2 .43 .044- <10 45 5 8 5 53.9 .53

799 41 It pelspar,te 5.8 .061 .023 31.2 .43 .058 <10 30 2 <5 B 52.5 .71
" ';,

, ,
-,'

800 42 • pelsparHe 8.5 .055 .032 36.5 .40 ~080 <10 60, S 5 ' 8 55.4- 1.0
---. -- ---'

801 43 • blosparlte 3.9 .053' .030 38.2 .39 .074- 15 30 5 <5 8 59.4 .89
.--,

802 44- • ca1carenl te 32.3 .067 .017 27.0 .30 .059 15 95 5 <5 12 54.6 1.00

pe1sparHe H.2 .033 34.5 .3~ .052 <10
:

30 5 5 5 61.6803 45 R .010 .69

804- 46 11 pelsparHe 10.3 .047 .012 36.0 .45 .016 <10 30 5 8 8 48.5 .97
'---

805 47 11 oosparlte 4.2 .043 .011 38.5 .43 .070 330 45 5 <5 5 51t.3 .83
" --- --- '. - --

806 48 • b' osparlt e 3.3 .045 .013 39.2 .43 .096 <10 '/ 60 5 5 5 5.5 1.12
, /

. .'
_.'~ ---.. ' _..-



-3J
Ca/Mg Sr/Ca.Y:1 0SAMPLE NO. LOCAL! TV FORMA TION Lt THOLOGY INSOLUBLE Fe Mn Ca Hg Sr Ba P Cu Pb Zn

72960807 608/~9 Bud Range b1 osparite 2.3 .019 .012 39.0 .4~ .105 <10 45 2 '. <5 5
,

53 .8 1.2:;
.

808 50 .. pelsparlh 2.8 .027 .016 39.1 .38 .090 <10 70 2 <5 5 "62 •~ 1.05
.

809 51 .. pe1spar' ts 4.7 .033 .019 38.1 .40 .066 <10 75 <2 <5 5 57.8 .79

.
810 52 11 b10sparHe 1.8 •015 •OH- 39.7 .29 .097 <10 75 2 <5 5 83.0 1.12

811 53 It pelsparHe 3.8 .019 .007 38.7 .30 .089 <10 45 2 <5 8 78.3 1.05
----

812 54- .. bl osparl te 2.3 .026 .005 38.9 .ItO .085 <10 50 2 <5 !i 59.0 1.00
-

813 55 It calcarenHe 4-.6 .040 .005 37.6 .44 .165 50 22 5 <5 5 51.8 2.01

814 56 .. calcarenltc 4.7 .033 .008 38.4 .42 .115 85 ,<20 5 5 12 55.5 1.37

815 57 .. pelsparl te 4.6 .024 .005 38.5 .37 .100 <10 <20 5 <5 8 63.1 1.19

816 58 11 pelsparlte 37.0 .096 .028 25.3 " .15 .025 20 150 2 8 22 102.3 .45- - -----

817 59 11 pe lsparlte 20.0 .088 .027 32.6 17 .038 <10 130 2 8 10 116.3 .53

818 60 11 bl osparl te 8.5 .069 .034 36.8 .17 ~- 55 120 2 <5 131.3 .738--- ---_. -

819 61 .. bl OSPilrl te 11.9 .073 .032 35.7 .12 .038 <10 45 2 5 32 180.5 .49
".

820 62 " oosparlte 8.1 .097 .037 37.0 .20 .030 <10 110 5 8 8 112.2 .37

821 63 .. blosparlte 7.7 .130 .054 37.4 .14 . OH <10 42 5 5 8 162.1 .57-

822 M It blopelsparlte 15.7 .155 .053 34.4 .19 .037 <10 75 2 <5 15 109.8 .49---
"

823 65 .. bi opelsparl te 19.2 .130 .051 32.6 .13 .026 <10 45 2 <5 18 152.1 .36
,

. -'--- --- ---- .-----

824 66 11 oospart te 10.6 .097 .035 35.8 .26 .038 <10 80 2 5 28 83.5 .49._--



-3SAXPlE ~IO. LOCAL ITY FORMATION Lt THOLOGY IN$OLUBlE Fe r~n Ca Mg Sr Ba p Cu Pb Zn Ca/~lg Srlea. x1 0

,

72960825 608/67 Bud RangR oosparlte 23.7 .090 .034 30.6 .24- .048 <10 46 2 '. <5 8 77.3 .72

826 N1/54: Gogo shale 85.4 .110 .035 4.3 .51 .004 60 420 22 <5 85 ~ 1 .43-

827 145 It lhestone 53.0 .165 .210 17.0 .42 .009 25 330 5 8 55 24.6 .24

828 148 It shale 82.3 .165 .045 5.4 .41 .006 70 390 15 5 85 1.0 .51 -

829 218 It shale 83 .2 .150 .051 5.0 .38 .006 90 390 60 <5 85 8.0 .55 .

830 238 It sllhtone 69.6 .280 .125 10.2 .46 .018 80 110 20 <5 70-' 13.5 .81-

831 386 11 shale 13.1 .290 .175 8.6 .50 .001 15 390 25 140 75 10.4 .37
!

832 500 It si ltstone 68.0 .280 .210 10.6 .41 .006 50 420 5 5 65 15.1 .26

833 508 11 slltstone 76.8 .210 .125 6.9 .72 .001 100 430 20 5 75 5.8 .46
.

834 N4/12 Ye 11 ow [)-UIII limestone 14.8 .018 .021 34.1 .31 .022 20 85 5 <5 15 55.9 .30 -.

835 25 11 ltmestone 10.8 .230 .030 34.0 1.80 .021 <10 70 5 <5 35 11.5 .28

836 34 It limestone 14.6 .240 .032 32.0 2.05 .023 20 70 15 5 70 9.5 .33- .. --_.t-._- ------- --_. --'--'- -
calcareous

837 46 11 slltstone 48.6 .250 .028 13.1 4.75 .016 45 290 12 5 40 1.7 2.65.
do1oml t\ c

838 48 It limestone 18.0 .310 .029 24.1 5,90 .030 15 90 5 8 22 2.5 .51-
sandy

839 65 It shale 52.2 .290 .020 11.9 4.55 ,012 55 220 10 5 35 1.6 .46

840 69 It mudstone 81.0 .120 .008 '1-.8 1.25 .010 60 430 15 5 65 2.3 .95

841 76 It HlIIestone 12.2 .290 .029 31.0 2.85 .037 405 100 5 8 12 6.6 .55.- .

-'- ---~ ..



-3SAMPLE NO. LOCALITY FORMA TION LITHOLOGY INSOWBlE Fe Mn Ca Hg Sr 8a p Cu Pb In Ca/Mg SriCa.x10

calcareous ,

72960842 N4!79 Yellow Drum shale 30.2 .430 .026 16.7 7.20 .012 75 180 12 '-. <:5 25 1.4 .33

oolItic
843 88 11 do Ioml te 9.1 .340 .D27 27.5 6.9('1 .011 (10 40 2 <5 12 t4 .18

siHy -
844 96 11 do1omlte 19.8 .270 .017 21.2 8.45 .oaa <10 32 <2 <5 8 1.5 .17

calcareous
.

845 100 It dolomite 16.6 .230 .018 24.3 6.75 .009 <10 40 <2 <5 110 2.2 .17 -

846 108 n do1(,Illlt e 15.0 .290 .018 21.2 9.10 .008 <10 28 <2 <5 8 1.3 .17._- -

847 118 It do1omite 11.5 .300 .027 22.5 9.75 .009 95 34 2 <5 SS· 1.4 .18

• si Hy.
848 120 dolomite 31.4 .480 .030 16.1 7.95 .005 20 110 8 5 38 1.2 .14

u calcareous
849 127 sandstone 70.2 .067 .011 12.6 0.12 .008 10 120 8 5 5 63.7 .29

-.-

850 134 " sandstone 94.7 .085 .003 0.73 0.20 .001 50 340 2 <5 35 2.1 .65

851 146 • slltstone 95.4 .073 .002 0.42 .17 .001 60 250 18 8 55 1.4- 1.14-
--'--

sandy
852 153 n si Hstone 52.8 .360 .044 10.9 5.25 .006 25 ' 220 5 10 22 1.3 .25

853 159
I

shale 63.8 .350 .042 8.1 3.60 .004 340 550 5 50 1.4- .23---., .---. --"-." --
calcareous

854- 168 • sandstlJne 68.3 .076 .015 12.2 .25 .011 40 160 5 10 10 30.0 .41
.

855 175 11 sandstone 96.2 .014- .002 0.1 .10 .001 50 210 2 <5 30 4.3 .65

856 185 • sandstone 96.5 .060 .039 0.3 .11 .001 215 160 2 10 70 1.7 1.52.
851 187 11 sandstone 97.4- .048 .001 0.2 .06 .Ou1 30 200 2 <5 22 2.2 2.29- -_.

calcareous
858 189 11 sandstone 81.6 .050 .011 7.4- .06 .003 20 90 2 12 5 72.4- .19--- --- --- ---- -------

calcareous
859 195 " sandstone 60.8 .135 .033 13 7 1 25 001 20 640 2 5 8 6.65 .n_.



-3SAMPLE NO. LOCALITY FORl"tA TION 1I THOlOIjY INSOLUBLE Fe Mn Ca M9 Sr Ba P Cu Pb .. Ca/Mg Sri£.0 Ca_.x10

sandy ,

72960860 N+/208 Gum Hole dolomIte 40.3 .640 .054 14.0 6.40 .008 15 590 5 ' 10 12 1.3 .26-
ca1careous

" sandstone 81.0 .120 .012 7.7 0.09 .004 30 270 5 '. 5 .-861 211 8 51.9 .24
-'-

ca1careous
862 213 11 sandstone 83.6 .094 .011 5.9 0.11 .004 25 310 5 12 8 32.5 .31

- -
calcareous

863 223 • sandstone 34.8 .550 .069 16.1 6.90 .008 <10 270 5 <5 8 1 .4 .23 _.

96~ N5/53 Gage 1i mest one 3.0 .190 .095 38.6 0.51 .018 <10 32 5 <5 8 45.9 c21- -
llmestone

865 56 " breed a 6.8 .175 .086 36.3 1.15 .016 <10 42 5 <5 8- . 19.1 .20
- -.

shaly

¥-866 141 " 11 JIIestone 27.9 .220 .043 26.6 0.91 .022 10 180 22 5 . .38---_...

B61 146 • limestone 13.7 .220 .050 34.0 0.51 .030 <10 I 120 8 <5 .4018 40.4

868 147 Il Illudstone 52.5 .460 .031 16.4 1.10 .016 35 280 40 5 32 9.0 .45

869 215 • limestone 10.7 .081 .026 34.9 0.66 .041 <10 120 2 <5 8 32.1 .54-------- ._---_.
si lty

870 LR1 /14 Ye 11 ow DrUIIl gellet~l 18.0 .076 .027 29.5 2.70 .025 15 32 2 <5 12 6.6 .39rains one
silty calcareous

871 20 " dolomite 22.2 .088 .028 25.7 4.50 .018 10 £,5 2 10 28 3.5 .32
- -.--' ....._-_ .. ---- ---- ----- ------ _.._----.

87'2 27 11 limestone 15.4- .085 .031 29.3 3.80 .020 <10 f.5 <2 <5 28 4.7 .31
.

873 36 11 sandstone 39.0 .067 .049 24.8 0.52 .007 9S 4D 2 10 18 28.9 .13
do1om lti c

874 43 • v..fine sand 4-6.0 .076 .037 16.3 4.40 .011 45 180 2 <5 22 2.3 .31

dol om It Ic sIlt y
875 59 11 sandstone 49.5 .097 .0/3 13.i 5.4-0 .010 20 120 10 <5 35 1.5 .35- - .

sllty
876 63 • do1ami te 22.0 .165 .032 19.8 8.50 .015 20 60 18 20 80 1.4 .35._--- _..

ca1careous
877 67 • sandstone 37.7 .100 .033 22.4 2.45 .015 10 42 35 110 22 5.6 .31 _._..



-3oSAMPLE rID. LOCALITY FORMA TION II THOLOGY INSOLUBLE Fa Mn Ca Mg Sr P Cu Pb Zn Ca/Mg SriBa Ca.:.<1

,

12960878 LR1 /71 Yl3l1uw OrulIl sandstone 53.5 .073 .032 15.7 2.25 .009 35 32 2 '. <5 18 4.2 .26

do1OlD it 1c
879 74 " sandstone 63.9 .088 .025 8.4 3.70 .006 20 48 2 <5 15 ~ .4 .33

sllty
880 78 " do1omi te 34.3 .150 .043 15.9 7.00 4012 35 120 8 50 32 1.4 .35

881 87 11 dolomite 13.5 .15U .055 22.4 7.90 .022 10 60 8 <5 22 1 -/ .45• I
,

882 90 " do1ollltte 39.2 .150 .042 15.1 5.90 .012 35 210 15 <5 70 1.6 .36 -
oolitic

883 93 '(I grai nstone 15.7 .073 .035 31 , ~( 1.05 .026 <10 45 5 8 17· 18.• 1 .38
stHy

BN 98 11 lhestone 42.4 .105 .041 18.5 3.10 .014 <10 150 8 130 75 3.6 .35 -

885 101 " slltstone 49.5 .28 .034 12.3 5.45 .008 15 210 18 20 120 1.4 .30 ...-
sandy

886 103 D do1oild te 41.9 .21 .037 14.3 6.30 .01'J 10 2W 32 30 100 1.4 .32
"

calcareous
887 107 It sandstone 79.0 .073 .016 7.7 .26 .011 15 90 2 <5 5 18.0 .65.-_ ..

Silty
888 119 " dolomite 36.9 .160 .043 15.4 7.00 .011 <10 150 2 <5 32 1 3 33

889 123 • do1omite 51.2 .130 .042 11.6 5.30 .009
50 .:~ ?50

2 <5 48 1.3 .35
--- ---- ----_. ---- ._------

890 126 " limestone 19.2 .081 .055 25.7 "t.95 .025 <10 60 I .., 8 22 3.2 .44-t.

ca1careous
891 135 " shale 52.3 I .155 .031 11.0 5.20 .008 25 270 25 5 65 1.3 .33I

do1omltl c sandy
892 141 !I mudstone 73.3 .145 .024- 5.8 . 2.80 .004 25 280 5 <5 42 1 .3 .32

893 145 " lDudstone 68.0 .175 .032 6.8 3.40 .006 35 400 8 <5 55 1.2 .40-- . -_.-,

dololllitic silty
89,4 153 D sandstone 53.6 210 054 11 .0 5.25 .O.D.fi- -50 J20 -~ .<5-;- -12-_ _--l.3.___ __..25.-._.

I;
ca 1careous,I'

<5 1.2 .33895 156 " shale 39.7 .250 .062 13.9 7.20 .010 20 L 60 2 22
._'..---_..-..

i!



-3SAI'IPlE NO. LOC/\LI TV FORMA TIOI~ LITHOLOGY INSOWBlE Fa
,

Mn Ca Mg Sr . Ba p Cu Pb In Ca/Mg Srlea, x1 ()

,

72960896 Un/163 Yellow Drum dololllite 13.8 .180 .066 22.1 9.50 .019 20 50 5 ~. <5 15 1..\. .39-
sllty

897 165 It dolomite 18.9 ',65 .057 20.1 9.60 .016 10 45 5 <5
~

8 1.3 .36-
.. calcareous

898 171 n do)ollllte 12.5 .220 ~23.7 8.90 .027 <10 32 2 <5 12 1.6 .52

175 do 1omHa899 n 16.2 .220

:-i
21.9 9.10 .022 <10 48 2 5 15 1.5 .46 -

900 177 It do1ol!lHe 30.6 .270 17.0 8.30 .015 15 78 5 <5 22 1.2 .40.053 ~

901 200 Lu1ulgut sll tstone 87.9 .097 .015 ?9 0.65 .007 195 780 12 <5 55- 2.7 1.10

902 204 It do1ollltte 29.7 .145 .170 17.6 7.50 .019 160 205 12 <5 32 1.4 .49

903 208 " slltstone 90.0 .074 .002 1.3 0.20 .008 95 540 15 5 75 3.9 2.81

904- LR2/ 17 Grant 7 sandstone 96.4 .083 .001 0.4 .03 .001 30 36 <2 <5 <2 8.7 1.14-
skeletal

905 53 laurel grainstone 11.2 .105 .044 35 . .\. .21 .023 25 62 8 8 12 102.2 .3CL.

906 58 " claystone 27.1 .090 .022 28.8 .20 .034- 40 3~0 8 <5 28 87.4 .54
-p!llletal

907 72 If
skeletal

<5 113.4- .42grai ns tone 7.6 .055 .019 37.4- .20 .034 <10 160 2 10.. _.._----- --~....~ ._--_.. -
skeletal

908 92 " grai nstone 7.6 .029 .021 37.1 .16 .036 HO 480 5 <5 8 140.6 .44
-

fina skeletal
909 104 It grat nstone 15. .\. .085 .013 33.1 .36 .065 15 120 5 <5 8 55.8 .90-

sllty
910 110 It lhestone 27.8 .057 .017 28.7 .20 .032 <10 270 5 5 12 87.1 .51

skcl1etal
911 117 !l grai nstone 3.1 .026 .026 38•.\. .20 .068 55 920 5 <5 5 116.5 .81-

fine
912 123 I sandstone 66.5 .041 .017 13.4 .07 .018 20 1260 2 5 8 116.1 .61- ._-- -

skeletal
913 127 • gral nstone 4.2 .014 .015 38.3 .30 .059 <10 400 5 5 8 77 •Jr .70
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skeletal
,

,
72960914 LR2!130 laurel gral nstone 14.6 .034- .012 34.6 .37 .063 185 980 5 '. <5 8 56.7 .83

915 132 n shale 40.6 .220 .016 20.8 1.30 .021 35 200 10 ..-:r. 22 .#9.7 .46~v

. ' lSandy skeletal
a

916 136 11 mestone 27.6 .099 .014 26.8 .86 .033 15 520 5 <5 20 18.9 .56

skeletal
917 141 n gral nstone 16.1 .034 .025 33.9 .26 .049 10 420 2 <5 10 79.1 .66

11 • sandy skeletal
918 147 grainstone 29.1 .017 .012 28.7 .14 .036 < 10 390 <2 <5 5 124.3 .57

919 150 • sandstone 51.8 .064- .012 18.3 .09 .023 20 790 2 <5 8~ . 126.1 .57- -.
calcareous

920 153 11 fl ne sandstone 27.5 .033 .015 29.0 .11 .031 < 10 460 2 5 5 167.5 .49 '.
calcareous

921 162 It fine sandstone 51.9 .055 .010 19.4 .07 .018 15 700 2 <5 8 161.2 .42 -skeletal .
922 164- It l)rnlnstone 11.8 .033 .015 35.3 .14 .042 < 10 260 2 <5 5 153.0 .54-

skeletal
923 174 " gralnstone 13.8 .045 .013 33.4- .38 .062 <10 155 2 8 8 53.3 .85

._---;- - .. - '.
coral-skeletal

924- 175 " gralnstone H.O .073 .015 32.2 1.50 .063 <10 66 2 <5 20 13 .0 .89

925 188 • shale 37.9 .185 .013 22.9 .74- .034- 10 550 8 <:5 38 18.8 .68
._-- - ---- .. ---..- '------ ---"~"

sllty
926 197 D lliaestone 40.2 .195 .018 21.6 .71 .029 20 155 5 8 32 18.5 .61

,
skeletal

927 202 " gralnstone 8.4 .0~8 .012 35.7 .41 .047 <10 32 2 <5 8 52.8 .60-
skeletal

928 214 It gralnstone 16.1 .180 .072 33.3 .26 .039 <10 110 2 <5 8 77.7 .54
I

929 217 " shale 80.2 .290 .007 ~ .13 .008 55 470 35 <5 150 13.5 1.26. _._---,
skeletal I

930 224- " gral nstone 18.0 .310 .120 30.9 .48 .058 <10 390 5 <5 120 39.1 -~.-.1------- ---, ---- -_._---

...
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