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Preface 

This is the fifth of a series of progress reports to the Environmental 
Health Surveillance Center of the University of Missouri; each report covers 
a six-month period in our reconnaissance geochemical survey of the State of 
Missouri that is designed to provide epidemiologists of the Environmental 
Health Center with data on the variability in the geochemical environment 
throughout the State. The survey is being directed at geologic units 
(including both surficial and bedrock units), both agricultural and unculti-
vated soils, native vegetation and farm crops, and both ground and surface 
waters. Emphasis is on the environment in its natural state; artificial 
pollution of the environment is being investigated in a few small areas--
principally where such pollution is thought to complicate our efforts to 
determine the natural environmental character. Adequate knowledge of the 
natural environmental character is necessary in order to establish a back-
ground for judging the degree and extent of environmental pollution. 

Considerable effort during this report period has been devoted to an 
investigation of geochemical anomalies on two ranches in Callaway County 
where metabolic disorders in cattle have been observed by veterinarians of 
the University of Missouri. The anomalies are believed to have resulted 
from the mining of clay and associated coal and sulfide minerals on property 
adjacent to the ranches. A report has been prepared by Dr. R. J. Ebens, 
Dr. J. A. Erdman, Mr. G. L. Feder (U.S. Geological Survey), and Dr. A. A. 
Case and Dr. L. A. Selby (University of Missouri), and is being processed 
for release. 

The present report contains a considerable amount of final data from 
our geochemical survey of the State. Most of these data pertain to the 
geochemical characteristics of the bedrock, the agricultural soils, the 
uncultivated soils, and the ground waters. Some of the data have been 
presented in tables in previous reports of this series, but are given in 
this report in the form of maps. It has been made abundantly clear to us 
that maps provide, by far, the most effective medium for presenting environ-
mental data in a way that epidemiologists and others can put the data to 
good use. We intend to continue to present data in the form of maps 
wherever possible. 

Virtually all of the field work and sampling for the geochemical 
survey of Missouri has been completed, and nearly all samples are in our 
laboratories. The notable exception here is the program of sampling 
surface waters; this has been only partially completed. The largest groups 
of data yet to be presented pertain to minor elements in agricultural soils, 
the relations between soil composition and the composition of soil parent 
materials, the geographic variation in the chemical characteristics of 
selected native vegetation and farm crops, and the relations between the 



chemistry of surface waters and the geology of the drainage basin. A 
comparatively small amount of data will also be forthcoming on trace 
elements in some of the important mineral commodities of Missouri. 

On or about July 1, 1972, the program will be placed under the 
direction of Dr. Jon J. Connor who will assume the duties of Chief of 
the Branch of Regional Geochemistry. Dr. Connor has been in charge of 
the geologic phase of the program, and has been an important contributor 
to the direction and execution of the total program since its beginning 
in July, 1969. 

A. T. Miesch, Chief 
Branch of Regional Geochemistry 
U.S. Geological Survey 

ii 



 

Contents 

Page 

Introduction 1-5 

Geochemical survey of geologic units (R. J. Ebens and J. J. Connor) 6 
Present status 6 
Explanation of sample design 6 
Geochemical variation in bedrock units 11 

Precambrian rocks 13 
Cambrian and Lower Ordovician rocks 13 
Ordovician, Silurian, and Devonian rocks 17 
Mississippian rocks 20 
Pennsylvanian rocks 22 

Geochemical variation in surf icial units 28 
Carbonate residuum 28 

Loess 31 
Discussion 33 
Future plans 40 

Geochemical survey of Soils (R. R. Tidball) 41 

Present status 41 

Soil parent material study 41 
Agricultural soils 41 
Discussion 54 

Geochemical survey of vegetation (H. T. Shacklette, J. A. Erdman, 
and J. R. Keith) 56 

Present status 56 
Chemical composition of soils in the vegetation-type areas 56 

Discussion 57 

Geochemical survey of Water (G. L. Feder and A. T. Miesch) 99 

Present status 99 

Analysis and interpretation of ground-water data 99 

Surface-water sampling program 140 

Special study of Sedalia water sources 143 

References cited 144 

Illustrations 

Page 

Figure 1. Generalized geologic map of the mid-continent region 
showing sampling localities 8-9 

2. Map of southeastern Missouri showing the distribution 
of Precambrian rocks and sampling localities . . 10 

iii 



Page 

Figure 3. Map of bedrock geologic units in Missouri 38 

4. Map of surf icial geologic units in Missouri 39 

5. Soil-forming parent materials of Missouri 43 

6-14. Maps showing concentrations of selected elements in 
the agricultural soils of Missouri: 

6. Aluminum 44 

7. Calcium 45 

8. Carbon (total) 46 

classified according to mean concentrations of 
selected elements in the B-horizon of uncultivated 
soils: 

9. Iron 47 

10. Magnesium 48 

11. Phosphorus 49 

12. Potassium 50 

13. Silicon 51 

14. Sodium 52 

15-46. Maps showing vegetation-type areas in Missouri 

15. Aluminum 59 

16. Barium 60 

17. Boron 61 

18. Calcium 62 

19. Carbon (total) 63 

20. Carbon (carbonate) 64 

21. Carbon (organic) 65 

iv 



 66 

 67 

 68 

 69 

 70 

 71 

 72 

 73 

 74 

 75 

 76 

 77 

 78 

 79 

 80 

 81 

 82 

 83 

 84 

 85 

 86 

 87 

 88 

 89 

 90 

Contents--Continued 

22. Chromium 

23. Cobalt 

24. Copper 

25. Gallium 

26. Iron (total) 

27. Lanthanum 

28. Lead 

29. Lithium 

30. Magnesium 

31. Manganese 

32. Mercury 

33. Nickel 

34. Phosphorus 

35. Potassium 

36. Scandium 

37. Selenium 

38. Silicon 

39. Sodium 

40. Strontium 

41. Titanium 

42. Vanadium 

43. Ytterbium 

44. Yttrium 

45. Zinc 

46. Zirconium 

Page 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contents--Continued 

Page 

Figure 47. Map showing vegetation-type areas in Missouri 
classified according to mean pH values in the 
B-horizon of uncultivated soils 91 

48. Map showing locations of seven principal geohydrologic 
units in Missouri 105 

in ground waters from seven principal geohydrologic 
units in Missouri: 

49-78. Maps showing concentrations of chemical constituents 

49. Silica (Si02) 106 

50. Sodium 107 

51. Potassium 108 

52. Sulfate (SO4) 109 

53. Dissolved solids 110 

54. Strontium 111 

55. Boron 112 

56. Chlorine 113 

57. Barium 114 

58. Bromine 115 

59. Bicarbonate (HCO3) 116 

60. Iron 117 

61. Magnesium 118 

62. Calcium 119 

63. Lithium 120 

64. Manganese 121 

65. Sulfide (S--) 122 

66. Molybdenum 123 

vi 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contents--Continued 

Page 

67. Fluorine 124 

68. Iodine 125 

69. Nitrogen (organic) 126 

70. Nitrite (NO2) 127 

71. Ammonia (NH1) 128 

72. Nitrate (NO3) 129 

73. Orthophosphate (PO4) 130 

74. Phosphorus (total) 131 

75. Cadmium 132 

76. Zinc 133 

77. Copper 134 

78. Rubidium 135 

Figure 79. Map showing gross alpha radioactivity in ground 
waters from seven principal geohydrologic units in 
Missouri 136 

80. Map showing gross beta radioactivity in ground waters 
from seven principal geohydrologic units in 
Missouri 137 

81. Trinilear plot of the results of a Q-mode factor 
analysis of chemical data on ground-water samples 
from seven geohydrologic units in Missouri . . . . 139 

82. Drainage map of Missouri showing geohydrologic units 
chosen for surface-water sampling and the locations 
of sampling sites 142 

Tables 

Page 

Table 1. Estimated logarithmic variance of the laboratory 
procedures (including sample preparation and analysis) 
for four rock types sampled in Missouri 12 

vii 



 

Contents--Continued 

Page 

Table 2-12. Comparison of estimated logarithmic variance components 
for various rock types and geologic units in Missouri . 

2. Rocks of Precambrian age 14 

3. Dolomite of Cambrian and Early Ordovician age 16 

4. Roubidoux Formation 18 

5. Carbonate rocks of Ordovician, Silurian, and 
Devonian age 19 

6. Limestones of Mississippian age 21 

7. Cherts of Mississippian age 23 

8. Shales of Pennsylvanian age 25 

9. Limestones of Pennsylvanian age 26 

10. Sandstones of Pennsylvanian age 27 

11. Carbonate residuum 30 

12. Loess 32 

13. Percentages of total logarithmic variance measured 
between areas within each major geologic unit 35 

14. Statistical summary of element concentrations in geologic 
units of Missouri 36 

15. Significance of differences among mean concentrations of 
chemical constituents in B-horizon soils from six 
vegetation-type areas of Missouri 92 

16. Tabulation of geographic patterns of variation in 
chemical constituents in the B-horizon soils of 
Missouri 98 

17. Significance of differences among mean concentrations of 
constituents in ground waters from seven principal 
geohydrologic units in Missouri 100 

18. Analyses of three ground-water samples of extreme 
composition (see text). Results given in mg/1, except 
where noted 141 

viii 



INTRODUCTION AND SUMMARY 

This is the fifth six-month progress report on a reconnaissance 
geochemical survey of the State of Missouri. The survey was initiated in 
July, 1969, to provide epidemiologists of the Environmental Health Sur-
veillance Center of the University of Missouri with geochemical information 
needed in their investigations into the importance of environmental factors 
in human and animal health and disease. It is also a pilot program designed 
to explore methods of conducting geochemical surveys of large regions. It 
is expected that the results of the survey will prove to be most useful in 
epidemiological work in providing the norm, the background, or baseline 
geochemistry as it is variously called. Such baselines are needed for 
meaningful investigations into particular local situations of epidemiological 
interest. Geochemical anomalies, whether naturally occurring or arising 
from artificial pollution, cannot be identified and mapped unless a baseline 
or norm has been previously established for the area. It has become evident 
from the results of the survey so far that there is significant variation in 
the chemical character of the environment throughout the State. This has 
not been unexpected because the State is geologically diverse, and geology is 
a fundamental control of environmental character. However, with this 
variation now quantified it will be possible for epidemiologists to search 
for corresponding statewide variation in health and disease. 

The purpose of the geochemical survey of Missouri--to provide data 
needed by epidemiologists--is only one of several purposes served by geo-
chemical surveys. Geochemical surveys of the baseline geochemical character 
of large regions are necessary prerequisites to the meaningful investigation 
of the degree and extent of environmental pollution, whether the pollution 
is of immediate epidemiologic interest or not. They are also of potential 
use in agriculture and mineral exploration, to say nothing of their value 
in classical geochemistry. One of the principal results of the Missouri 
survey has been the development of a general sampling plan for geochemical 
studies of large regions. This general plan, outlined in a previous progress 
report (U.S. Geol. Survey, 1971), balances the level of detail in results 
against costs, and insures results of known statistical reliability. It 
seems likely that the general plan will find application in other surveys 
of large regions. 

Epidemiologists of the Environmental Health Surveillance Center have 
requested on numerous occasions that we present the results of this survey 
in the form of maps, and we are complying with this request in every case 
where it is possible to do so. The availability of the data on maps 
facilitates use of the data in epidemiological research, but may equally 
facilitate its use for other purposes. Many of the data given in the form 
of maps in this report could be, and have been, presented more concisely 
and just as completely in tables, but in reading the tables the information 
must be mentally transferred to maps to judge its significance. In 
Presenting the survey results on maps, we are merely saving the user this 
step. 



In presenting the data on either maps or tables, two kinds of 
measures are of fundamental importance: 1) a measure of central tendency, 
and 2) a measure of dispersion. In most cases the appropriate measure of 
central tendency in trace element work is the geometric mean, denoted by 
the symbol "GM"; in some cases the arithmetic mean, denoted by "AM", is 
appropriate. The more appropriate measure of central tendency is the one 
that more closely coincides with the mode of the frequency distribution, 
and therefore, is an estimate of the most common, or frequently occurring, 
value. Where the geometric mean is used as the measure of central 
tendency, the dispersion is measured as the geometric deviation, denoted 
by "GD." Where the arithmetic mean is used, the dispersion is measured as 
the more familiar standard deviation, denoted by "SD." Where the arithmetic 
mean and standard deviation are given, the central 68 percent range is 
estimated to extend from AM-SD to AM+SD, and the central 95 percent range 
from AM-2SD to AM+2SD. Where the geometric mean and geometric deviation 
are given, the central 68 percent range is estimated to extend from GN/GD 
to GMxGD, and the central 95 percent range from GM/GD2 to GMxGD2. These 
measures of central tendency and dispersion may also be used to determine 
the likelihood of a geochemical value of any particular magnitude occurr-
ing within the population to which these measures apply, and, in this way, 
can be used to identify geochemical anomalies of either natural or artifi-
cial causes. 

One possible result of prime interest and importance in this program 
is the delineation of broad regions of distinct geochemical character. Two 
major regions appear to be emerging as such from preliminary study of the 
data available so far. One of these is the region underlain by rocks of 
Pennsylvanian age in the northwest portion of the State (see figure 1 of 
Ebens and Connor in this report). The uncultivated soils, the agricultural 
soils, and the ground waters in this region tend to contain high concen-
trations of a large suite of chemical elements. Another such region is 
that underlain by dolomite of Cambrian and Early Ordovician age in southern 
Missouri (see figure 1 of Ebens and Connor). The uncultivated soils, the 
agricultural soils, and the ground waters in this region tend to contain 
lower concentrations of a large suite of elements. It is tempting to 
speculate that the differences between these two regions reflect corres-
ponding differences between the Pennsylvanian and Cambro-Ordovician 
substrata; the data of Ebens and Connor in this report certainly give 
evidence that such differences exist. However, most of the soils in 
northern Missouri are developed on either glacial drift or loess, rather 
than on strata of Pennsylvanian age, and most of the ground water used 
and sampled in this region is in the drift. Many of the soils in southern 
Missouri are developed on carbonate residuum rather than directly on 
dolomite. No geochemical investigations of the glacial drift are being 
made at this time, partly because of difficulty in locating fresh outcrops 
but mostly because drift is so heterogeneous that meaningful assessment of 
its chemical characteristics would be difficult. The loess has been found 
to be remarkably homogeneous in composition, but the residuum is highly 
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variable. The compositional differences between the loess and residuum 
probably account for many of the differences between the soils of the two 
regions, but not all of them. The lower concentrations of many elements 
in the ground waters of the dolomite region in the southern part of the 
State probably result from compositional differences between the dolomite 
and the glacial drift; even though the drift has not been studied, the 
presence of higher concentrations of most elements in the drift compared 
to the dolomite may be inferred from its geologic character. There are 
several smaller areas where the geochemical environments are sufficiently 
distinctive to deserve the attention of epidemiologists. One of these 
is the Delta region in the extreme southeast part of the State, and another 
is the Cedar Glade area in the southwest. Data pertaining to the soils of 
these areas are given in the present report by Tidball, and by Shacklette, 
Erdman, and Keith. 

In the first section of this report, Dr. Ebens and Dr. Connor give 
estimates of the compositional variability in all the major bedrock units 
of the State. They further show the proportions of the total variability 
that are associated with various ranges of geographic distance. This 
information is of fundamental importance in considering both the adequacy 
of the sampling program and the degree to which the resulting data may be 
extrapolated to areas that were not actually sampled. They have shown that 
most of the geologic units are remarkably uniform in composition over broad 
regions of Missouri and adjoining states, even though each unit may be 
highly variable within a small area. The conclusion to be reached from 
this is that any of these units may be properly sampled within one, or at 
most a few, small areas, and the resulting data may be correctly extrapolated 
over large distances. The conclusion seems reasonable and in accord with 
the view long held by geologists that the Paleozoic sediments were deposited 
largely in broad shallow seas or marginal marine areas covering major parts 
of the North American continent. The only unit sampled by Ebens and Connor 
that displayed statistically significant amounts of broad regional varia-
bility for many constituents is the residuum developed on carbonate rocks 
in the southern part of the State. 

Because of the fact that some of the geologic units as mapped in 
Missouri contain several important rock types, and because of the extreme 
compositional differences among rock types, it is not possible to present 
the compositional data directly on maps in any useful way. Alternatively, 
Ebens and Connor have summarized the geochemical data on various rock types 
in various bedrock units in a single table that has been keyed to a 
generalized geologic map. Because of the regional homogeneity of most 
units, moat of the data given in the table is thought to apply to any area 
of the State where the particular geologic unit occurs. Where extrapolation 
such as this may be invalid, the reader is cautioned by an asterisk sign on 
the estimate of the geometric mean. The asterisk indicates that the mean 
concentration of the element in that geologic unit is known to differ from 
one broad region to another. 
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Dr. Tidball has divided his efforts during this report period about 
equally between his investigation of the relations between soil and parent 
material composition and the analysis and interpretation of data on the 
agricultural soils of the State. Most of his effort in the parent material 
investigation has been in field work involving the collection of about 500 
samples from numerous horizons in soil profiles developed from a representa-
tive variety of parent material types. The practical importance of the 
study is principally in improving our ability to infer the compositional 
nature of soils from geologic and parent material maps, so far as such 
inference may be possible. It is expected that much will also be learned 
about the release of chemical elements from the substrata on weathering 
and the fate of the elements as they enter the soil environment. 

Dr. Tidball also presents some computer-derived maps showing the 
compositional variability of agricultural soils. Most of the samples were 
supplied by personnel of the Extension Division of the University of Missouri, 
and all samples were analyzed in our laboratories. Although nearly all of 
the analytical work has been completed, the maps given in this report pertain 
only to the major elemental constituents. Maps representing other elements 
will be forthcoming. Some of the map patterns displayed by the major elements 
are remarkably pronounced and well defined. We are quite anxious to learn 
whether there are corresponding patterns in the compositional variability of 
farm crops. 

Dr. Shacklette and Mr. Keith completed the sampling of farm crops across 
the State,in four of the six vegetation-type areas, and have been otherwise 
engaged, with Dr. Erdman, in analysis of data on the uncultivated soils. 
Their principal contribution in this report is the presentation of 33 maps, 
with accompanying statistical data, showing the compositional differences 
among the soils of the six vegetation-type areas. The maps pertain to the 
B-horizons of uncultivated soils, whereas Tidball's maps pertain to the 
plow-zone (0-6 inches depth) of agricultural soils. Nevertheless, some 
interesting similarities in the patterns have been observed. Previous work 
by Shacklette and others (1970) has shown that the compositions of the A-, 
B-, and C-horizons of soils in parts of Georgia are highly correlated. 

Laboratory analysis of 300 native plant samples (chiefly sumac and 
buckbrush) is nearly completed, and the preparation of maps showing the 
compositional variations of native plants over the State has been started. 
Laboratory analysis of the farm crop samples (chiefly corn, soybeans, and 
mixed grasses) is underway. 

Mr. Feder's principal contribution in this report, like that of 
Shacklette, Erdman, and Keith, is the presentation of data in the form of 
maps. He shows 33 maps which summarize the analytical data on ground-
water samples collected from the seven principal geohydrologic units of 
the State. Feder also shows the first results of an attempt to analyze 
and interpret the ground-water data on a multivariate basis. The multi-
variate analysis is expected to reveal some compositional relationships 
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that may be too subtle to uncover by other means; these first results 
are sufficiently informative to justify continuation of this approach. 
Finally, Feder describes his sampling plan for the investigation of 
surface waters and the results of some special sampling of the sources 
of domestic water used by the city of Sedalia in Pettis County. 
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GEOCHEMICAL SURVEY OF GEOLOGIC UNITS 
by R. J. Ebens and J. J. Connor 

Present status.--Work on this phase of the Missouri studies during 
the report period was concentrated on defining the kinds and amounts of 
geochemical variability in the geologic units of the State. Analyses for 
about 60 elements in nearly 600 samples have been completed; most of the 
analytical work pending is for F, I, and As. In general, elements not 
listed in the tables in this section of the report occur in concentrations 
below the limits of analytical sensitivity stated in U.S. Geol. Survey 
(1970a, table 1). Elements for which more than a third of the analyzed 
samples in any geologic unit contain concentrations less than the limits 
of sensitivity were not included in the analysis of variance. Where 
less than a third of the samples contain the element in such low concen-
rations, values equal to approximately two-thirds of the lower limits of 
sensitivity were arbitrarily used so that a completely numerical data set 
could be analyzed. The chief justification for such an arbitrary proce-
dure is that substitution of any reasonable value below the analytical 
detection limit would not substantially alter the geochemical conclusions 
drawn from the analysis of variance. 

The geologic units discussed in this part of the report include bedrock 
units and unconsolidated surficial units. Sampling localities in each unit 
are shown in figures 1 and 2. Many bedrock units have been sampled outside 
of Missouri in order to insure representation of geologic strata that are 
poorly exposed in the State. 

Explanation of sample design.--Each major geologic unit was sampled 
according to an experimental design established to estimate the amount of 
compositional variance that is associated with various geographic distances. 
A general discussion of such designs as used in sampling stratified rocks 
in Missouri is given in U.S. Geol. Survey (1970b, p. 5-10; see also U.S. 
Geol. Survey, 1971, p. 5-8); detailed discussions of the general approach 
may be found in Potter and Olsen (1954) and Krumbein and Slack (1956). 
Knowledge of the relation between compositional variance and distance 
provides a basis for selecting an optimum sampling interval. The optimum 
interval may be different for different compositional constituents. Where 
the constituent exhibits no important amount of geographic variability in 
a rock unit, the constituent may be adequately studied by sampling the 
unit as required at only one locality. 

A general statistical model used to characterize the geographic 
variation in a geochemically coherent rock unit may be written: 

Log Xij...9 = µ + al + + . . . + ( 1 ) 

where log Xij...p is the logarithm of an analytical value as reported by 
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See figure 1 on the following pages. 
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Generalized geologic map of the mid-continent region 
showing sampling localities 

EXPLANATION 

. . , .•• • .• 
Post-Pennsylvanian rocks 

Dashed line indicates limits of significant amounts 
of loess deposits, hachured on side of significant 
deposits. In southern part of Missouri, significant 
amounts of carbonate residuum occur south of dashed 
line ( = loess sampling locality; C)= residuum 
sampling locality). 

P Pennsylvanian rocks; mostly limestone, shale, and 
sandstone (A= sampling locality). 

Mississippian rocks; limestone, minor amounts of 
shale and sandstone (Q = sampling locality). 

Devonian, Silurian, and Ordovician rocks; limestone,DSO
i dolomite, minor amounts of shale and sandstone 

(II = sampling locality). 

CO Cambrian and lower Ordovician rocks; dolomite, minor 
amounts of limestone, shale, and sandstone 
(0= sampling locality). 

Precambrian rocks; granite and rhyolite. 
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Figure 2.--Map of southeastern Missouri showing the distribution of 
Precambrian rocks and sampling localities. 

[Adapted from Tolman and Robertson, 1969] 
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the laboratory, µ is the grand average (in logs) for the unit under 
study and the remaining terms are deviations, each representing the 
effect of geologic factors operating over some particular geographic 
scale. The number of subscripted terms may be indefinitely large but 
in the geologic studies in Missouri, the number does not exceed five. 
If the surface extent or outcrop of a rock body is subdivided into a 
number of areas, ai represents the difference between the grand average, 
4, and the average of Log X in the ith area; if the ith area is sub-
divided into a number of smaller areas, represents the difference 
between the average of the ith area and the average of the jth subarea. 
Each subarea in turn may be subdivided, and for each subdivision 
another term is added to (1). The final term, 5jj p represents the... 
difference between the reported value of Log X and the average value 
for the sampled locality. 

The total geochemical variation in a geologic unit, estimated as
2s 
g X may be subdivided into as many components as there are subscriptedL

te s9on the right side of (1): 

sto, X = sa + s7 + (2) 

The components on the right side are the estimates of variance arising 
at each geographic level or scale of the design; s,:e represents the variance 
at the largest scale and si represents variance at the smallest scale, 
which gives rise to local sampling error. The final term, s2, includes 
variance due to laboratory procedures (including analytical error) as well 
as variance due to small scale geologic factors. The variances estimated 
to be associated with laboratory procedures are given in table 1. 

Estimation of the variance components in (2) requires multiple 
sampling at each level of the design defined in (1). In order to estimate 
the regional component, sg, at least two areas (i> 2) underlain by the 
material of interest must be sampled. An estimate of sA requires sampling 
in at least two subareas (j>2) in one or more of the areas, and so forth. 
For stability in the estimates, i should be as large as practicable and 
multiple sampling should be, if possible, of the same magnitude for each 
category at any one level of the design. 

Geochemical variation in bedrock units.--The bedrock units of this 
study consist mostly of interstratified sandstone, limestone, dolomite and 
shale of Paleozoic age. An additional unit of limited geographic extent 
is comprised of the Precambrian (pre-Paleozoic) granitic rocks of south-
east Missouri. Rocks are conventionally classified by geologic age and 
although any geologic age may be represented by rocks of any geochemical 
type, in Missouri each major geologic age is represented largely by only 
one or two geochemically distinct types. 
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Table 1.--Estimated logarithmic variance of the laboratory procedures 
(including sample preparation and analysis)for four rock types 
sampled in Missouri. The variance estimates are based on dupli-
cate analyses of 10 specimens of granitic rocks, 15 specimens 
of carbonate rocks, 15 specimens of sandstone, and 15 specimens 
of clay, silt, and shale. 

Procedural variance 
Clay, silt, 

Element , Technique Granitic rocks Carbonate rocks Sandstone shale 

Al X-ray fluorescence 0.0002731 0.007361 0.003065 0.0005341 
B Spectrographic - - .02149 .05616 
Ba do. .0007767 .01277 .008835 .009)5) 
Be do. .006212 - - .01044 
Total C Leco gasometric - .0001811 .01359 .01166 
Carb. C Gasometric - .0001424 .09224 .02235 
Org. C Difference - .1418 .08153 .05443 
Ca X-ray fluorescence .000101 .00003662 .01496 .0004873 
Co Spectrographic - - .01069 .01024 
Cr do. - .01254 .01547 .004933 
Cu do. .005211 .01304 .008310 .008240 
Fe X-ray fluorescence .0001172 .0003493 .003875 .0001329 
Ga Spectrographic .003091 - .0005158 .003188 
Hg Hg detector .02815 .01643 .01708 .02504 
K X-ray fluorescence .00003357 .002232 .00001119 .0001211 
La Spectrographic .005356 - .003580 .005947 
Li Atomic Absorption - - .01046 .0002075 
Mg do. - .0008260 .03492 .007356 
Mn Spectrographic .007834 .01241 .1238 .005124 
ha Atomic Absorption - .02417 .02601 .03495 
Nb Spectrographic .003876 - .009934 -
Nd do. .004517 - - -
Ni do. - .001423 .02477 .007178 
P X-ray fluorescence .03595 .09407 .02766 .01870 
Pb Spectrographic .03155 .01697 .007549 .01582 
Si X-ray fluorescence .00008392 .0008026 .00013,3 .00005188 
Se do. .05727 .08478 .04963 .05688 
Sc Spectrographic .01152 - <.00001 .006873 
Sr do. .004004 .008159 .009356 .004927 
Ti do. .001845 .01931 .01208 .004b35 
V do. - .007282 .0007080 .003231 
Y do. .003650 .001553 .0007090 .005860 
Yb do. .005211 .002074 , .003281 .01400 
Zn Atomic Absorption - .05602 .003219 .001246 
Zr Spectrographic .02007 .003615 .01478 .02676 

. -
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Precambrian rocks 

The Precambrian rocks crop out predominantly in the St. Francois 
Mountains of southeast Missouri and consist mostly of Si- and Al-rich 
granitic rocks. Locally, basalt and andesite which are relatively 
low in Si and relatively high in Ca, Mg, and Fe crop out, but because 
of their rarity, these rocks were not sampled. The granitic rocks 
consist of two genetic but geochemically similar types: rhyolite, which 
has been extruded onto an ancient and unexposed surface of metamorphic 
rocks (Tolman and Robertson, 1969) and granite, which was intruded into 
the rhyolites. 

Sampling localities used in this part of the study are shown in 
figure 2. Two samples were collected from surface exposures in each 
of 15 random localities in each of the two rock types. Geochemical 
variation in these rocks, therefore, is quantified at three geographic 
scales--variance between the granite and rhyolite (between rock types), 
variance among sampling localities and variance within sampling 
localities (sampling variance). Estimates of these components are 
given in table 2. 

There appears to be little geochemical difference between the 
rhyolite and granite, except for Be and Zr, and these differences, 
although statistically significant, are not exceptionally large since 
they comprise only about one-fifth of the total observed variance. In 
contrast, variation among sampling localities is generally large; 
variation between samples is generally small. Comparing the total 
variance in table 2 with the laboratory variance for granitic rocks in 
table 1, Se appears to be reflecting only procedural variance, and any 
study of this element in the Precambrian rocks should probably be based 
on more precise laboratory methods. In view of their sparse occurrence, 
their general resistance to weathering and their general lack of potable 
ground-water supplies, these rocks play a rather insignificant role in 
the near-surface geochemical environment of the State. 

Cambrian and Lower Ordovician rocks 

The Cambrian and Lower Ordovician rocks crop out over much of 
south-central and southeastern Missouri and consist almost solely of 
dolomite. A few discontinuous zones of nearly pure silica sandstone 
are distributed through these rocks and locally, in the St. Francois 
Mountains region, a few beds of K-rich sandstone and Al-rich calcareous 
shale are present. Many formations have been defined in this unit 
(cf. Howe and Koenig, 1961, p. 14-24) but as a general rule, rocks in 
the upper part of the unit consisting mostly of the Jefferson City 
Dolomite tend to be fine grained and thin bedded whereas rocks in the 
lower part (mostly in and around the St. Francois Mountains) tend to 
be more coarsely crystalline and less well bedded. 

13 



Table 2.--Comparison of estimated logarithmic variance components for rocks of Pre-

cambrian age. 

1*, significantly greater than zero at the 0.05 probability level] 

Between types Between localities Between samples 

Total Logic, Percent Percent Percent 
Element variance Component of total Component of total Component of total 

Al 0.001308 0 < 1 0.001020* 78 0.0002884 22 

Ba .1317 0 < 1 .1079* 82 .02384 18 

Be .04183 .008409* 20 .02416* 58 .009256 22 

Ca .2313 .02685 12 .1801* 78 .02435 10 

Cu .1082 .003828 4 .08628* 8o .01812 16 

Fe .02721 0 < 1 .02615* 96 .001061 4 

Ga .004211 .00001851 < 1 .002394* 57 .001798 43 

Hg .06149 0 < 1 .01806 29 .04343 71 

K .01063 .0007531 7 .008810* 83 .001063 10 

La .03343 0 < 1 .01691* 51 .01652 49 

Mn .1369 0 < 1 .1033* 75 .03359 25 

Nb .01396 .0004219 3 0 < 1 .01354 97 

Nd .01490 0 < 1 .004934* 33 .009967 67 

P .1993 0 < 1 .1410* 71 .05831 29 

Pb .03213 .0007296 2 .01372* 43 .01768 55 

Si .0002746 0 < 1 .0002039* 74 .00007070 26 

Se .05318 0 < 1 .003328 6 .04985 94 

Sc .1197 0 < 1 .1047* 87 .01499 13 

Sr .1144 0 < 1 .1092* 95 .005239 4 

Ti .04994 0 < 1 .04154* 83 .008404 17 

Y .01943 0 < 1 .008679 45 .01075 56 

Yb .01171 .0005812 5 .003982* 34 .007148 61 

Zr .06079 .01181* 19 .006168 10 .04281 7o 
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Sampling localities used in this part of the study are shown in 
figure 1. Sampling was undertaken in two stratigraphic sections pieced 
together from surface outcrops in each of three areas radiating outward 
from the St. Francois Mountains. In the northern area, one section 
extends northward to the Missouri River and a second extends northwest-
ward to Rolla; to the south of the St. Francois Mountains, one section 
extends southwestward, and a second southward into Arkansas; and to the 
east one section extends southeastward to Cape Girardeau, and a second 
extends northeastward to the Mississippi River. The sections in each 
pair are spaced about 25 to 50 miles apart. Each composite section was 
subdivided into 10 equal stratigraphic parts (deciles) from which two 
were selected randomly. Each selected decile was subdivided into 10 
equal parts (percentiles) from which two were selected randomly, and 
two samples were collected randomly from each selected percentile to 
give a total of 48 carbonate samples. Five components of variance are 
defined--between-area variance, between-section variance, between-decile 
variance (large-scale stratigraphic variance), between-percentile variance 
(small-scale stratigraphic variance), and between-sample variance (sampling 
and analytical variance combined). 

The results of the analysis of variance for the Cambrian and Lower 
Ordovician carbonate rocks are given in table 3. Most elements exhibit 
only small amounts of between-area variance, although variation in Cu 
at this scale is statistically significant. At a smaller geographic 
scale (between sections), Cr, Fe, and K show important variation. Most 
elements exhibit large amounts of variance between deciles (large-scale 
stratigraphic variance). Nearly half of the variance in Ba, K, Sr, and 
Ti appears at this scale and these components, together with the compo-
nents for Cr, Fe, Hg, Mn, Na and Si, are statistically significant. Such 
variation may reflect the general twofold nature of the stratigraphy of 
these rocks, and, if this is the case, a more logical and efficient geo-
chemical survey of this unit could be conducted by investigating separately 
the parts above and below the base of the Jefferson City Dolomite. The 

between-percentile variance seems generally unimportant in these rocks, 
but the large amount of between-sample variance demonstrates a marked 
heterogeneity within the sample localities. 

A study of sandstone variability in this unit was conducted con-
currently with the carbonate study. Much of the sandstone in the unit 
is composed of nearly pure quartz and tends to occur in thin discon-
tinuous lenses throughout the unit. These sandstone lenses are especially 
well developed in a zone near the middle of the unit which is mapped as 
the Roubidoux Formation (McCracken, 1961). In order to gain some insight 
into the type of compositional variability in such sandstones, two samples 
of sandstone were collected randomly from the Roubidoux in each of the 
same six composite stratigraphic sections sampled for the carbonate study. 
Only three components of variance can be estimated in this design: a 

. between-area component, a between-section component and a between-sample 

component; because of the limited thickness of the Roubidoux, this latter 
component consists of both stratigraphic and sampling variance. 
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Table 3.--Comparison of estimated logarithmic variance components for dolomite of Cambrian and Early Ordovician age. 

(*, significantly greater than zero at the 0.05 probability level] 

Between areas Between sections Between deciles Between percentiles Between samples 

Percent 
Element variance Component of total Component of total Component of total Component of total Component of total

Total Log Percent Percent Percent Percent Percent 

... 

0.2930 0 < 1 0.06656 23 0.1447* 49 0 < 1 0.08197 28 

Total C .006704 .0003804 6 .0008478 13 0 < 1 .0006282 9 .004847 72 

Ba 

Carb. C .007553 .0003341 4 .001195* 16 0 < 1 .0005643 7 .005460 72 

Org. C .1701 0 < 1 .01647 10 .006582 Le 0 < 1 .1470 86 

Ca .008688 .0004176 5 .0008933 10 0 < 1 .001310 15 .006067 70 

Cr .1723 0 < 1 .06569 58 .06090* 35 0 < 1 .04574 27 

cu .1622 .05510* 34 .02057 13 0 < 1 .002385 1 .08416 52 

Fe .1506 0 < 1 .05725 38 .05269* 35 .005348 4 .03529 23 

Hg .09712 0 < 1 .02775 29 .01858* 19 0 < 1 .05080 52 

.3048 0 < 1 .1082 35 .1344* 44 .01210 4 .05020 16K 

Mg .01375 .00006183 < 1 .003064 22 0 < 1 .001489 11. .009133 66 

Mn .2331 0 < 1 .05954 26 .09034* 39 .02625 11 .05696 24 

Na .02935 0 < 1 .004217 14 .009855* 34 .0009947 5 .01429 49 

Si .2883 .04359 15 .02213 8 .07423* 26 .0003659 < 1 .1480 51 

Se .1183 .0006,98 < 1 0 < 1 .002142 2 0 < 1 .1155 98 

< 1 .01645 44Sr .03723 .0008397 2 0 < 1 .01994* 54 0 

Ti .4834 0 < 1 .05503 11 .2727* 56 0 < 1 .1558 52 

< 1 .04095.05287 0 < 1 .006780 13 .005148 10 0 77 v 



Results of the analysis of variance of these sandstones are given 
in table 4. The general mineralogical purity of the sandstones is 
reflected in the frequent occurrence of element concentrations below 
the corresponding limits of analytical detection. Of the 12 elements 
listed in table 4, five exhibit more than a fourth of their total 
variation at the between-area level. Such variation in C, Mg, Mn, and 
Si most likely reflects simple variation in the amount of carbonate 
cement. Variation between sections is important for C, Cr, Si, and Ti, 
but very little of the variance in Ba, Sr, and Zr is either between 
areas or between sections. 

The Cambrian and Ordovician rocks, including the interlayered 
sandstone, constitute a large reservoir of potable ground-water supplies 
and as such are of environmental importance. However, they are covered 
nearly everywhere by a thick accumulation of weathering products 
(carbonate residuum), and plants or animals rarely come into direct 
contact with the rocks themselves. Indirectly, of course, these rocks 
have had an important effect on the near-surface environment inasmuch 
as they are the materials from which the overlying residuum developed. 

Ordovician, Silurian and Devonian rocks 

Most of the rocks of Middle and Late Ordovician, Silurian and 
Devonian ages in Missouri crop out in the eastern part of the State in 
thin bands near the Mississippi and Missouri Rivers. They consist largely 
of carbonate rocks, both limestone and dolomite, but include a few inter-
calated beds of shale and quartzose sandstone, the best known of which 
is the St. Peter sandstone at the base. In general, the carbonate rocks 
are clean, fine grained and medium bedded. 

Sampling localities used in this part of the study are shown in 
figure 1. Samples of carbonate rocks were collected from three composite 
stratigraphic sections: one near Cape Girardeau, a second north of Festus 
and a third south of Hannibal, Mo. Each section was subdivided into 10 
equal stratigraphic parts (deciles), and two random samples were collected 
from each of two random deciles for a total of 12 samples. Three com-
ponents of variance are estimated in such a design: between-section 
variance, between-decile variance (stratigraphic variance), and between-
sample (sampling and analytical) variance. 

The results of the analysis of variance for the carbonate rocks of 
this interval are given in table 5. These rocks appear to be remarkably 
uniform, except for Zn, over their area of exposure. Geographic variation 
in Zn results from slightly elevated levels found in samples from the 
section near Festus, Mo., the highest of which is 22 parts per million. 
However, this level is not unusual for carbonate rocks in general 
(Turekian and Wedepohl, 1961, table 2). Stratigraphic (between-decile) 
.variance appears to be the dominant component in these rocks, and such 
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Table 17.--Continued. 

Magnesium, mg/1 (sm=0.16310): 

Miss. K and T Penn. Quat. Glacial E and 0(SW) E and 0(SE) 
strata strata strata alluvium drift strata strata 

(GM=3.1) (GM=3.4) (GM=9.9) (GM=13) (GM=15) (GM=19) (GM=29) 

Sodium, mg/1 (sm=0.21490): 

E and 0(SE) Miss. E and 0(SW) Quat. Glacial K and T Penn. 
strata strata strata alluvium drift strata strata 

(GM=1.9) (GM=5.5) (GM=8.7) (GM=18) (GM=31) (GM=33) (GM=160) 

Potassium, mg/1 (sm=0.13107): 

E and 0(SE) Miss. E and 0(SW) Glacial K and T Quat. Penn. 
strata strata strata drift strata alluvium strata 

(GM=0.67) (GM=0.75) (GM=2.1) (GM=2.2) (GM=2.4) (GM=3.2)(GM=6.6) 

Aluminum,)ug/1 (sm=0.08234): 

E and 0(SW) Quat. Miss. E and 0(SE) K and T Glacial Penn. 
strata alluvium strata strata strata drift strata 
(GM=10) (GM=11) (GM=11) (GM=11) (GM=12) (GM=15) (GM=23) 

Barium, pg/1 (sm=0.18039): 

E and 0(SW) E and 0(SW) Miss. K and T Penn. Glacial Quat. 
strata strata strata strata strata drift alluvium 
(GM=43) (GM=51) (GM=53) (GM=100) (GM=140) (GM=200) (GM=540) 

Boron, pg/1 (sm=0.19037): 

Miss. E and 0(SE) E and 0(SW) K and T Quat. Glacial Penn. 
strata strata strata strata alluvium drift strata 

(GM=11) (GM=11) (GM=26) (GM=34) (GM.49) (GM=70) (GM=200) 
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Table 17.--Continued. 

Strontium, iugil (s =0.17720):m

E and 0(SE) Miss. K and T 
strata strata strata 
(GM=46) (GM=76) (GM=130) 

E and 0(SW) Quat. Glacial 
strata alluvium drift 

(GM=130) (GM=239) (GM=460) 

Penn. 
strata 

(GM=670) 

1/ Mississippian 

Cretaceous and Tertiary 

3/ Cambrian and Ordovician (Southwest) 

4 / 
Cambrian and Ordovician (Southeast) 

2/ Quaternary 

Pennsylvanian 
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range of mean concentrations (table 17). These classifications are the 
bases for the maps in figures 49 to 52. The maps also show the geometric 
mean (GM), the geometric deviation (GD), and the observed range for each 
constitutent in each unit. The geometric means and deviations are from 
the previous report in this series (U.S. Geol. Survey, 1971, p. 58); for 
a brief review of these statistics see the Introduction of the present 
report. 

For a large group of constituents in the ground waters, the Duncan 
test failed to identify any clear discontinuities in the range of mean 
concentrations for the seven geohydrologic units. Yet, for most of these 
constituents, the analysis of variance did show that the variation among 
the means is statistically significant at the 0.05 level of probability 
(U.S. Geol. Survey, 1971, p. 56). In such cases, the maps (fig. 53 to 
63) show distinguishing patterns over the units having the extreme average 
concentrations; geohydrologic units containing ground water with mean 
concentrations of the constituent intermediate to these extremes are not 
patterned, but the geometric mean concentration, the geometric deviation, 
and the observed range are shown. 

The variations of some constituents among the seven principal 
geohydrologic units were not examined by rigorous statistical tests because 
too high a proportion of the analytical results were reported as "less 
than" the lower limit of analytical detection. Maps for a number of such 
constituents are given in figures 64 to 80; patterns on these maps serve 
merely to point out the units having the highest observed mean concen-
trations. Geometric means and other statistics are given on the maps, 
for various geohydrologic units, where the data are sufficient to make 
this possible. 

Some initial experiments in multivariate analysis of the ground-water 
data suggest that the ground waters may be viewed as mixtures of three 
basic types. The technique applied was Q-mode factor analysis as developed 
by Imbrie (1963) and reviewed by Miesch (1969). The analysis showed that, 
on a multivariate basis, 92.7 percent of the compositional variation among 
the 35 wells and springs sampled across the State (see U.S. Geol. Survey, 
1971, p. 50) can be accounted for if the variation is described in terms 
of a 3 end-member system, the end members being represented by the three 
wells or springs of extreme composition. The locations of these wells are 
identified on table 18 where the analytical data for the constituents 
represented in the factor analysis are also given. Sample 71-1310 is 
a sodium-bicarbonate water high in total dissolved solids; sample 71-1887 
is a calcium-bicarbonate water with a very high iron content; sample 
71-1849 is a calcium-magnesium bicarbonate water unusually low in sulfate 
and chloride. 
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Figure 49.--Silica (302) concentrations in ground waters from seven geohydrologic 
um:As in Missouri (See figure !18). Patterns show classification of 
units by silica content as revealed by the Duncan Multiple Range Test. 
GM - geometric mean in units of mg l; GD • geometric deviation; Range 
is range of concentrations observed in eight samples as oescribed in 
U.i. Geol. Survey (1971, p. L7). 
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Figure 50.--Sodium concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure 48). Patterns show classification 
of units by sodium content as revealed by the Duncan Multiple 
Range Test. GM • geometric mean in units of mg/1; GD = geometric 
deviation; Range is range of concentrations observed in eight 
samples as described in U.S. Geol. Survey (1971, p. 47). 
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B. Geohydrologic units overlain by younger strata. 

'igure 51.--Potassium concentrations in ground waters from seven geohydrologic 
units in Yissoari (wee figure 119). Patterns show classification of 
units by potassium content as reiealed by the Duncan Multi:11e Range 
mest. GM = geometric mean in units of mg/1; GD = geometric 
deviation: Range is range of concentrations observed in eight 
samples as described in U.S. Geol. Survey (1971, p. 
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Figure 52.--Sulfate (SO4) concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure 48). Patterns show classification of 
units by sulfate content as revealed by the Duncan Multiple Range 
Test. GM geometric mean in units of mg/1; GD geometric deviation; 
Range is range of concentrations observed in eight samples as 
described in U.S. Geol. Survey (1971, p. 47). 
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Figure 53.—Dissolved solids in ground waters from seven geohyclrologic units 
in Missouri. (See figure 48). Patterns show units having the 
significantly different extreme high (cross-hatched) and low 
(stippled) mean concentrations. GM = geometric mean in units of 
mg/1; GD si geometric deviation; Range is range of concentrations 
observed in eight samples as described in U.S. Geol. Survey 
(1971, p. h7). 
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Figure 5h.--Strontium concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure 48). Patterns show units having the 
significantly different extreme high (cross-hatched) and low 
(stippled) mean concentrations. GM = geometric mean in units of 
ug/1; GD = geometric deviation; Range is range of concentrations 
observed in eight samples as described in U.S. Geol. Survey 
(1971, p. 47). 
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Figure 55.--Boron concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure 48). Patterns elm units having 
the significantly different extreme high (cross-hatched) and 
low (stippled) mean concentrations. GM = geometric mean in 
units of og/1; GD = geometric deviation; Range is range of 
concentrations observed in eight samples as described in U.S. 
Geol. Survey (1971, p. 
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Figure 56. - -Chlorine concentrations in ground waters from seven 
geohydrologic units in Missouri (See figure 48). Patterns 
show units having the significantly different extreme high 
(cross-hatched) and low (stippled) mean concentrations. 
GM = geometric mean in units of mg/1; GD = geometric 
deviation; Range is range of concentrations observed in 
eight samples as described in U.S. Geol. Survey (1971, p. 47). 
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Figure 57. - -Barium concentrations in ground waters frcm seven geohydrologic 
units in Missouri (See figure h8). Patterns shat units having 
the significantly different extreme high (cross-hatched) and 
low (stippled) mean concentrations. GM • geometric mean in 
units of ug/1; GD • geometric deviation; Range is range of 
concentrations observed in eight samples as described in U.S. 
Geol. Survey (1971, p. 47). 
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Figure 58.--Bromine concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure 48). Patterns show units having 
the significantly different extreme high (cross-hatched) and low 
(stippled) mean concentrations. GM = geometric mean in units of 
mg/1; GD = geometric deviation; Range is range of concentrations 
observed in eight samples as described in U.S. Geol. Survey 
(1971, p. 147). 
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Figure 59.--Bicarbonate (HCO3) concentrations in ground waters from seven 
geohydrologic units in Missouri (See figure 48). Patterns 
show units having the significantly different extreme high 
(cross-hatched) and low (stippled) mean concentrations. 
GM = geometric mean in units of mg/1; GD • geometric 
deviation; Range is range of concentrations observed in 
eight samples as described in U.S. Geol. Survey (1971, p. 117). 
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Figure 60.--Iron concentrations in ground waters from seven geohydrologic 
unite in Missouri (See figure 18). Patterns show units having 
the significantly different extreme high (cross-hatched) and low 
(stippled) mean concentrations. GM = geometric mean in units 
of ughl; GD = geometric deviation; Range is range of concen-
trations observed in eight samples as described in U.S. Geol. 
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Figure 61.--Magnesium concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure h8). Patterns show units having the 
significantly different extreme high (cross-hatched) and low 
(stippled) mean concentrations. GM = geometric mean in units of 
mg/1; GD = geometric deviation; Range is range of concentrations 
observed in eight samples as described in U.S. Geol. Survey 
(1971, p. h7). 
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Figure 62.--Calcium concentrations in ground waters from seven geohydrologic 
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(stippled) mean concentrations. GM B geometric mean in units of 
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Figure 63.--Lithium concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure IA). Patterns show units having 
the significantly different extreme high (cross-hatched) and low 
(stippled) mean concentrations. GM = geometric mean in units of 
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is range of concentrations observed in eight samples as described 
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121 



 

 

 

 

_ ...r_ _ _ __,. - - --.- - - --- - r — 7 - —
1 */ 

1 i i_ 
1 ,., _

L._.- -I i i -- ---r------i____.'1 i r--__ ___., i I------i 
.,- ---; . !--------i 

-\ i----1- - : i----- Gm - 0.090
i 1 --

GD = 2.10 
,ange i• <0.1-0.2 - 1 -----.1 !-------i ,, !

i 1 
—.__1 

/-., / 
!(—1 

i /
I i 

GM = <0.16 \ 

Range = 40.1-8.5 GM = 0.090 
GD = 2.10 
Range = <1-0.3 

N,.. 1 
i 

1 -I _;.iI I I 
I 

1 - - .- - i - - - - - -.1 

GM • <0.1 
I GM = <0.11 i I I 
I- Range = <0.1-0.2 
. 

A. Geohydrologic units cx posed at the surface. 

(Solid areas were excluded from this study.) 

r' ,5 

saisawahm,.- r--MONOMMailiai-
IIISMININIIIIMINS•16 ,

111111111•1111MINIIIIII011%. 

r GM = 0.14 '1& 
ell. , -GD = 5.04 IMO 

Range = <0.1-1.4 leer
OF• 

MMOMMEMOOP /MU GM=<0.102921111131111MI a. 
OMOMOMMI StI 

OMOOMOMO 

B. Geohydrologic units overlain by younger strata. 

Figure 65.—Sulfide (S"'") concentrations in ground waters from seven geohydrologic
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Figure 66.--Molybdenum concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure 118). Cross-hatched pattern shows the 
unit having the highest observed mean concentrations. GM • 
geometric mean in units of ug/1; GD = geometric deviation; Range 
is range of concentrations observed in eight samples as described 
in U.S. Geol. Survey (1971, p. 147). 
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Figure 67.--Fluorine concentrations in ground waters from seven geohydrologic 
units in Missouri (lee figure LIS). Cross-hatched pattern shows 
the unit having the highest observed mean concentrations. 

= geometric mean in units of Mg/1; GD = geometric deviation; 
Range is rare of concentrations observed in eight samples as 
described in U.S. Geol. Survey (1971, p. 147). 
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Figure 68.--Iodine concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure 148). Cross-hatched pattern shows 
the units having the highest observed mean concentrations. 
GM = geometric mean in units of mg/1; GD - geometric deviation; 
Range is range of concentrations observed in eight samples as 
descrIbPC in U.S. Geol. Survey (1971, p. L7). 
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Figure 69.--Organic nitrogen concentrations in ground waters from seven 
geoh5,drologic units in Missouri (See figure L8). Cross-
hatched pattern shows the unit, having the highest observed 
mean concentrations. GM = geometric mean in units of mg/1 
as N; GD - geometric deviation; Range is range of concen-
trations observed in eight samples as described in U.S. 
Geol. Survey (1971, p. 117). 
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Figure 70.--Nitrite (NO2) concentrations in ground waters from seven 
geohydrologic units in Missouri (See figure IA). Cross-
hatched pattern shows the unit having the highest observed 
mean concentrations. GM = geometric mean in units of mg/1; 
GP = geometric deviation; Range is range of concentrations 
Observed ir eight samples as described in U.S. Geol. Survey 
(1971, p. h7). 
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Figure 71.--Ammonia (NR4) concentrations in ground waters from seven geo-
hydrologic units in Missouri (See figure 0). Cross-hatched 
pattern shows the units having the highest observed mean con-
centrations. GM = geometric mean in units of mg/1; GD = geo-
metric deviation; Range is range of concentrations observed 
in eight samples as described in U.S. Geol. Survey (1971, p. 147). 
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Figure 73.--0rthophosphate (PO4) concentrations in ground waters from seven 
geohydrologic units in Missouri (See figure 1.48). Cross-hatched 
pattern shows the unit having the highest observed mean 
concentrations. GM = geometric mean in units of mg/1; GD = 
geometric deviation; Range is range of concentrations observed 
in eight samples as described in U.S. Geol. Survey (1971, p. h7)• 
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Figure 71,.--Total phosphorus concentrations in ground waters from seven 
geohydrologic units in Missouri (See figure 118). Cross-
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GD - geometric deviation; Range is range of concentrations 
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Figure 75.--Cadmium concentrations in gram) waters fran seven geohydrologic 
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GM = geometric mean in units of Lkg/1; GD geanetric deviation; 
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Figure 76. - -Zinc concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure 148). lross -hatched pattern shows 
the unit having the highest observed mean concentrations. 
GM = geometric mean in units of 14/1; GD = geometric deviation; 
Range is range of concentrations observed in eight samples as 
described in U.S. Geol. Survey (1971, p. 147). 
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Figure 77.- -Copper concentrations in ground waters from seven geohydrologic 
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GM = geometric nean in units of ag/1; GD = geometric deviation; 
Range is range of concentrations observed in eight samples as 
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Figure 78.- -Pubidium concentrations in ground waters from seven geohydrologic 
units in Missouri (See figure 118). Cross-hatched pattern shows the 
units having the highest observed mean concentrations. GM = 
geometric mean in units of ug/1; GD = geometric deviation; - Range 
is range of concentrations observed in eight samples as described 
in U.S. Geol. Survey (1971, p. 117). 
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Figure 79.--Gross alpha radioactivity in ground waters frcm seven geohydrologic 
units in Missouri (See figure 48). Cross-hatched pattern shows the 
units having the highest observed mean radioactivity. GM = geometric 
mean in units of pC1/1 as U-nat; GD = geometric deviation; Range is 
range of radioactivity observed in eight samples as described in 
U.S. Geol. Survey (1971, p. 147)• 
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Figure 80.--Gross beta radioactivity in ground waters from seven geohydrologic 
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The three samples of extreme composition were identified by the 
objective procedures of the factor analysis, as described by Imbrie 
(1963). Similarities among samples were estimated by his cos A after 
scaling the data for each compositional variable to range from 0 to 1. 
This transformation had the effect of giving each variable equal weight 
in the factor analysis, so that minor constituents such as boron and 
lithium exerted as much influence on the final classification of samples 
as did major constituents such as sodium and calcium. The principal 
components matrix was rotated using the varimax criterion, and an 
oblique solution was then derived using Imbrie's technique. Finally, 
the oblique solution matrix was converted to a composition matrix 
which gives the composition of each sample in terms of the three end 
members. The composition matrix was used to prepare the trilinear 
plot in figure 81. 

The corners of the trilinear plot represent the three end-member 
samples, and the nearness of any point on the plot to one of the corners 
is governed by the similarity of the sample represented to that end 
member. The greater the distance between points on the plot, the greater 
is the difference between the total compositions of the samples represented--
with respect to both major and minor chemical constituents. The symbols 
used as points on the plot identify the geohydrologic units from which 
the samples were taken. 

Detailed analysis and interpretation of the trilinear plot is being 
deferred until further investigations are completed, but several features 
of the plot are noteworthy at this time. First, the fact that the com-
positional variability among the ground waters of Missouri can be almost 
entirely represented on a simple trilinear plot indicates that the 
compositional system is less complex than one would expect by considering 
the large number of individual compositional variables that can be 
measured. It is apparent that the individual variables are, for the most 
part, closely related to each other with the effect that the system, in 
a statistical sense, is only slightly more complex than it would be if it 
possessed only three variable properties. 

The dispersion of points representing samples from a single geo-
hydrologic unit on the plot is a function of the heterogeneity of waters 
in the unit. Ground waters in the Cambrian and Ordovician strata of 
southeast Missouri, in the Cambrian and Ordovician strata of southwest 
Missouri, in the Quaternary alluvium, and most of those in the Pennsylvan-
ian strata and glacial drift are internally rather homogeneous but quite 
distinct from each other. Ground waters in the Mississippian strata, and 
in the Cretaceous and Tertiary strata, on the other hand, are extremely 
variable, as are those in the Cambrian and Ordovician strata taken as a 
whole. Ground waters in the Cretaceous and Tertiary strata tend to be 
of calcium bicarbonate character at shallower depths, and sodium bicar-
bonate in character when deeply buried. This difference in character 
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EXPLANATION 
Geohydrologic Units 

a- Quaternary alluvium 
A- Glacial drift 
e- Cretaceous and 

Tertiary strata 
Tr- Pennsylvanian strata 

Mississippian strata 
o- Cambrian and Ordovician 

80 strata (SE Missouri) 
X- Cambrian and Ordovician 

strata (SW Missouri) 

Figure 81.--Trilinear plot of the results of a Q-mode 
factor analysis of chemical data on ground-water 
samples from seven geohydrologic units in Missouri. 



is reflected in the wide scatter of points representing ground waters in 
the Cretaceous and Tertiary on the trilinear plot. Differences in minor 
element content appear to accompany these differences in basic chemical 
character, as indicated by the analyses of the end-member samples given 
in table 18. These differences include higher concentrations of aluminum, 
boron, lithium and chlorine, and lower concentrations of barium and 
strontium in the sodium-bicarbonate waters. 

Surface-water sampling program.--A plan has been designed for sampling 
the surface waters of Missouri, exclusive of the Missouri and Mississippi 
Rivers. The purpose of the sampling is to describe the compositional 
variations among the surface waters that may be ascribed to variations in 
geology. Four of the seven principal geohydrologic units which formed the 
framework for sampling the ground waters are also being used as a framework 
for sampling surface waters. These are shown in figure 82. Two of the 
other three geohydrologic units occur entirely, or almost entirely, in the 
subsurface; the remaining unit consists of the alluvium in the Missouri and 
Mississippi Rivers' drainages. 

Four criteria were established in selecting stream sampling localities 
within geohydrologic units: 1) the drainage basin in which the stream 
occurs should lie completely within one of the four geohydrologic units, 
2)a continuous-recording gaging station should be located on the stream, 
3)the drainage area above the gage should be 100 to 500 square miles, 
and 4) the stream should be free of municipal and industrial effluents. 
After identifying all streams meeting these criteria, two were selected 
randomly from each of the four geohydrologic units (see fig. 82). 

Each of the selected streams has been sampled at conditions of low-
flow, and each will be resampled during high-flow conditions. The low-flow 
samples were collected from each stream before dawn and in the late afternoon 
on warm sunny days. Each sample was taken in two parts: one filtered (0.1 
micromenter) and one unfiltered. 

The low-flow samples should represent an integrated ground-water 
sample for each basin except for the possible major effects of adsorbtion 
of trace metals on bottom sediments, and removal of trace elements by 
organisms. An estimate of the effects of organisms on water quality will 
be obtained by comparison of the pre-dawn and late afternoon samples. 
Estimates of the seasonal variations of the trace-element contents of 
surface waters will not be obtained from the present sampling program. 
Estimates of the amounts of adsorbtion and precipitation of trace elements 
on the bottom sediments will be obtained from analyses of samples collected 
during a large rise in stream discharge following a rainstorm. Sampling 
suspended sediment during a rise should provide a representative sample 
of finer-grained sediment which occurs at the bottom of both pools and 
riffles during periods of low flow. 
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Table 18.--Analyses of three ground-water samples of extreme composition 
(see text). Results given in mg/1, except where noted. 

Sample No. Al* Ba* B* Li* Sr* Fe* Br* Ca M6 Na K Si02 

71-18871/ 8.0 360 36 7.0 270 24,000 340 62 6.2 6.7 1.1 36 

71-1310?- 18 d.0 140 20 6.0 10 260 1.2 .2 190 1.7 15 

71-1549 / 7.o 35 8.0 .2 4o 1 19 52 28 1.0 .4 8.6 

Sample No. HCO3 SO4 Cl Organic N Dissolved solids pH Temperature (°C) 

71-18871/ 205 30 3.7 0.14 249 6.94 12.3 

271-1310—/ 437 7.4 42 .83 470 8.6o 31.7 

71-18492/ 291 .1 .7 .0-i 249 7.49 14.7 

*Results given in )1g/1 

1/ Sample 71-1887 is from glacial drift in Platte County. 

?-/ Sample 71-1310 is from Cretaceous and Tertiary strata in Dunklin 

2/ Sample 71-1849 is from Cambrian and Ordovician strata in Carter County. 
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The 0.1 micrometer filter is being used in order to remove as much 
suspended material as practical. Analysis of the nitrogen and phosphorus 
components will be done in the Water Resources Division laboratories in 
Little Rock, Ark. Spectrographic determinations will be done in the 
Water Resources Division laboratories in Denver, Colo., and all other 
chemical determinations will be done in the Water Resources Division 
laboratories in Salt Lake City, Utah. 

Special study of Sedalia water sources.--At the request of the 
Environmental Health Surveillance Center, a special investigation is being 
made of water sources used by the town of Sedalia, in Pettis County. 

Sedalia has three sources of water: 1) a deep well, 2) Flat Creek, 
and 3) Sedalia Lake. All three supplies are used for varying periods 
throughout the year. In order to determine the differences between the 
various water supplies, samples were collected in October, 1970 from 
each of the water sources. The analytical data on filtered and unfiltered 
samples indicate a significant difference in hardness between the well 
water and the lake and stream. However, none of the other constituents 
determined appears at an unusually high concentration. On August 2, 1971, 
another group of samples was collected from Sedalia Lake. At this time, 
a diver obtained one sample of bottom mud, one sample of water 3 feet 
from the bottom of the lake, and one sample of water 5 feet from the water 
surface. None of the samples is filtered. All three samples were collected 
within 15 feet of the water supply intake. The lake at this point was 22 
feet deep. Analysis of the bottom mud was done in the U.S. Geological 
Survey Division laboratories in Denver, Colo., under the supervision of 
Dr. L. B. Riley. The water samples were analyzed by the U.S. Geological 
Survey, Water Resources Division laboratories in Denver, Colo., under the 
supervision of Dr. M. W. Skougstad. 

The analysis of bottom mud showed rather normal amounts of Hg, Se, 
and As (0.12 ppm, 0.7 ppm, and 11 ppm, respectively). The water sample 
collected near the bottom contained 6 4g/1 As and 0.5 µg/1 Hg. These 
concentrations are below the upper limits established by the U.S. Public 
Health Service for drinking water. The Se concentration in the same 
sample was found to be 28 4g/1, almost three times the limit established 
by the U.S. Public Health Service. The water sample taken near the top 
of the lake contained no detectable Hg or As, but showed 8 pg/1 Se. All 
three water samples collected in October, 1970 showed Se concentrations 
less than 10 µg/l. It is not known how much of the selenium actually 
occurs in solution or how much enters the city water supply. The water 
supply intakes are at several elevations in the lake, and all are used 
at different times. Additional sampling will be necessary to define the 
vertical and temporal distribution of these trace elements in the water 
and their physical state. 
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