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EHPIRICAL STUDIES OF WATER FaaA "140NOLITUOLOGIC TERRANES" 

By 

J. U. Fe:h 

ADSTRAC: 

The chemical relationship between rocks and the water moving 

through them has been studied relatively little. This report 

considers these relations with reference to granitic, basaltic, 

and carbonate-rock terranes. The term "monolithologic terrane"is 

used in the sense of a body of rock of essentially homogeneous 

litholo3y and of sufficient extent to receive, store, and trans..:it 

water td springs or wells. 

Review of the rather scanty literature in the field suggests 

that waters from carbonate-rce,c aquifers are distinguishable by 

their high percentages of calcium and of bicarbonate. In waters 

derived from igneous rocks the major cations calcium, magnesium, 

and sodium..-tend to be more nearly equivalent and silica 

characteristically makes up a large percentage of the dissolved-

solids contents of the waters, reaching 30 or 35 percent of the 

total in some. Neither the earlier studies, however, nor those 

here reported have produced cc-_- ,-istently reliable devices by which 

the lithology of the aquifer be recognized from the reported 

chemical analyses of the water. 

1 



In all, analyses of 100 waters from granitic rocks, 75 from 

basaltic rocks, 173 from carbonate rocks, and 19 from serpentine 

were found that were suited to the study here reported. Distribu-

tion of the samples throughout the United States is far from 

uniform, however. Moreover, identification of the rock making up 

the aquifers from which most of the samples analyzed were obtained 

is necessarily inexact. 

A graphic device, consisting of five concentric logarithmic 

cycles and any convenient number of radii, permits plotting large 

numbers of chemical constituent:. having a ulde range of concentrations 

on a single diagram. However, the flexibility and convenience of 

this diagram is offset by various disadvantages in comparison with 

earlier gecahemical graphic methods and the universally satisfactory 

geochemical diagram his not yet been devised. 

The circular graphs show recognizable differences between 

waters from igneous rocks and those from carbonate rocks but do not 

allow separation of waters from granite and waters from basalt. 

2,saltic-rock waters differ materially from granitic-rock waters in 

some regions. Comparison from region to region, however, shows that 

in some areas waters from basaltic rocks have characteristics 

apparently indistinguishable the characteristics of granitic-rock 

waters in other areas. 
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The ratio, Ca x HCO all concentrations expressed in parts
3

Na x SiO 
per million, separates carbonate-rock waters (ratio > 20) from 

waters derived from other rocks (ratio < 20) in 89 percent of more 

than 500 samples tested.. Another ratio, Na x Mg also with 
Ca 

constituents expressed in parts per million, provides separation 

of granitic-rock waters from imcaltic-rock waters in apparently 

significant proportions of the samples tested. Using the latter 

relationship, a numerical ratio greater than 8 indicates basaltic 

waters in about 99 percent of the samples tested; a ratio greater 

than 4.5 suggests basaltic waters in about 90 percent of the tests; 

and a ratio of less than 1.5 apparently represents water from 

granitic rather than basaltic mock in 90 percent of the cases tested. 

The results of the study imply: (1) that "monolithologic 

terranes" can seldom be identified with confidence, especially in 

re?orts of regional studies; (2) that graphic and arithmetic 

devices using the major consti.Luents in waters, that is those 

characteristically reported, do not suffice to distinguish the 

rock-mineral assemblages with which the water has been in contact, 

save for carbonate-rock waters as a group; and (3) that different, 

and detailed, approaches must be employed in order to gain under-

standing of the geochemical inLeractions between water and its 

geologic environments. 
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INTRODUCTION 

The relations of the chemical character of ground waters to 

their terranes of origin has been of interest for many years. 

Despite this fact, relatively few attempts have been made to 

describe and specify those relations. This paper reports on an 

attempt to find, in the reported chemical analyses of waters, 

unique and persistent characteristics that could be related 

directly to the monolithologic character of the aquifers. The 

term "monolithologic aquifer" is used in the sense of a body of 

rock of essentially homogeneou:; lithology and of sufficient 

extent to receive, store, and transmit water to springs or wells. 

Three types of terrane furnished most of the samples considered--

granitic, basaltic, and carbonate rocks. In 'addition, a few 

waters derived from serpentine, and several groups of water 

samples from wells that penetrate sandstone aquifers are considered 

rather briefly. 
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is gosSral, the results were not such as to encvurnge further 

work is this direction using publiehed inforaetion. The routine 

reports of litkelsgy of tere teedeurstely define the week.. 

,Iinerel assemblages with which the water is in restart. The 

hydrology of the systems is characteristically immempletely hewn, 

hones the total history of usteramisers1 contact remains iseempletely 

defined. MUrthersore, esteestre esperissmtation with ';.r ht 

devise* — with ratios awing the nejor sosetitueetesmodbree 

reported ISMS* MUM' analyses-4s sot suffice to d stiwuiah 

anything *en them gross differences among staters from divergent 

rock terranes. 
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Previous work 

Extensive review of the literature to 1960; suggest* that 

relatively few attempts have been made to relate the chemical 

character of voter obtained from surface or subsurface sources 

to the cheesiest character of roc/ terranes of origin. Where such 

cheuical rock..vater relationship* bare been discussed, they 

characteristically home bass asatiamid as issidental observations 

made during study of the hydrology el as sums. Specific studies 

have occasionally related the Chemical characteristics of a few 

water sources to a specific tomes, ssomemly of rather 'wall 

areal extent. The following paragraphs offer a representative 

samplinp of the literature, the ftems being dioettosed essentially 

in chronological order of their publication. 

Arnold and Ln1erscn (190C) described the occsrrenee of a millts 

precipitate consisttn3 largely of calci,fm and illasnoslum sorbensto, 

having other anseaste alb anise as iron or,Lde, which eassats sorra 

along this Lower course of White Creek in western PreSsmaless47, 

Calif. White Creek derives its base flow from spriags that emerge 

from serpectine in the upper drainage basin. The white deposits 

begin 2 wiles downstream from the lower edge of the serpentine arcs 

and extend sons 5 miles along the bed of the croak. US authors 

noted, but did not d'setles, cornparable deposits nista, to ultrabasic-

rock terranes on Arroyo Mocha south of Testa in Alansis County, Calif., 

and along two tributaries of the Trinity River in northern California. 
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Palmer (1911) recognised that interpretation of chemical 

analyses of water might be used to help determine the eologic 

env Torments of the waters and deoonstrated the relationship with 

particular application in the of carbonate-rock terraria. lis 

also stated that a hiab poomiatage content of silica In waters is 

commonly related to tarrying sommistims of igneous rocks. 

With respect to ground water in the Us glaciate and Temecula 

basins, Southern California, Waring (1919) remarked "* * *the high 

content of silica nerd earhonate, together with the large proportions 

of alkalies and very little calcium and magnesium shows plainly 

that the water is derived free granitic rocks." This observation 

proves to be somewhat at variance with relationships found as the 

result of a wider sampling which are discussed later in the present 

paper. 

Clarke's (1924) tabulation of the cooposition of river and Lake 

waters of the United States contains relatively little discussion 

of the geochemistry of the waters which he cited. Me did *step 

however, (p. 48-49) that the rivers of the South Atlantic slops from 

Virginia to Georgia, were similar owe to another, be rag Low in 

calcium and high is alkalies and silica. Me referred the situation 

to the fact that the rivers rise in the southern Appalachians where 

the terrains is dominated by sedic granite, stating that the silica 

and alkalies were derived from weetherina of sod ;c feldspars. 
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An attempt was made by Send (1946) to evaluate and categorise 

chemically the ground waters of the Union of South Africa, end in 

part to relate the chemical composition to the rocks from which the 

waters were derived. The attempt was handicapped by the fact that 

in many analyses sodium and potassium were determined by difference 

(Bond, 1946, p. 8). Amos; the observations made by Bond were the 

prevalence of high concentrations of Chloride and of sulfate in 

waters derived from granite or gneiss in South Africa. Be noted 

that hifth chloride concentrations correlate with hi3h sulfate concen.. 

trations and implied (p. 166) that the correlation depends upon the 

influence of marine connate waters or of cyclic salts. He observed 

that shales, mudstones, and micaceous flagstones of the Cape 

system (Devonian and Lower Carboniferous) yield brackish waters, 

and stated as a general conclusion (p. 77) that argilleceous rocks 

tend to retain connate sea water and because of the low permeability 

of the rocks, to retain contained or absorbed salts. In conaoqueseet 

he concluded that low cassestratims of chloride and sulfate found 

in waters derived from argillommus rocks would sugsest that the 

rocks were deposited in fresh-water environment. Be also concluded 

(p. 163) that it is generally impossible to identify the source 

rock of a water by its chemistry. 
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A discussion of grounemuater resources of the Huntsville area, 

Alabama (1oMersomm4 Swindol, Jr., and Lanphere, 1930) shoved that 

the water obtained from the Tuacumbia Limestone and Fort Payne 

Chart, both •f Mississippian age, is consistently less highly 

mineralised than is water obtained from the Chattanooga shale of 

Devonian or Mississippian ass. 
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Lea Grand (1952, 1954, 1958) is one of the few who has published 

specifically on the relationship between water quality and rock 

terrine. He pointed out in 1952 "0* * the mineral content of water 

from a short stream may reveal much information on the e,eoloay of 

its small drainage arena" and stated further ". * * where th.' circu-

lation of water in different kinds of rock is equal, the chemical 

quality of the water reveals the general solubility of the source rock." 

With respect to the Statesville area in North Carolina, LeGrand (1954, 

p. 13) shooed by means of tables and a brief discuss'oe that in that 

area, at least, waters obta nod frost diorite or from hornblende gneiss 

contained characteristically three tines as much dissolved solids as 

waters obtained from granite. The tabulation shows further that wells 

penetrating both granite and diorite yielded waters twinge= son-

centratioas intermediate beams those of waters &maimed lava granite 

alone and waters obtained hen diorite or Membierie seetae air. Mid 

is 1958 he characterised water from granitic rocks as beiall filly 

soft, slightly acid, and low in dissolved solids. Se included in the 

group of granitie rocks granite, zIranite gads's, mica schist, slate, 

and rhyolite flows and tuffs. He also found that water from diortic 

rocks is herd, slightly elks/luny and high in dissolved solids. This 

group includes diorite, gabbro, hornblende gneiss, and andesite flows 

and tuffs. Me concluded "* e* lithoingic determinations based ea the 

chemical character of ground water are generally reliable is regions 

of similar climate and topography. Anomalies in dissolved mineral 

soustitosata amt due to differences n rock type, climate or topography, 

ney indicate either abnormal structural conditions, resulting in 

abnormal =tea of circulation of the water, or presence of concentrated 

mineral dalleeits." 
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Two regional studies of mete are these by Umbrae and others 

(1952) and Colby and others (1956), damning rospoetively with the 

Ponder River basin in Wyoming and Mantises as with the Wind liver 

basin, Wyssimi. Water front granitic terrane in the Pettier River 

basin WWI characterised as having low dissolved-solids cantent in 

which silica makes up about 25 percent of the erhydroos residue, 

cslcjua yearly the same, carbonate 35 percent, and sodium, potassium, 

and easmesiun together less than 5 percent. Water emerging from 

limasteme in the same area had less than 10 percent silica, 20 

percent osiaiuN and about 10 percent magnesium, 55 percent 

sate, and 1.2 percent sodium plus potassium. The study by Colby 

sod same (1956) in the Wind River basin, differentiated the effects 

vas tabemical quality of runoff of the relatively insoluble 

Prosaicism rocks, of siliceous ignastis breccia., and of consolidated 

and assiasmsolidated sedimatery rocks of Mesozoic and Tertiary age. 

The differences observed ars discussed in that report and are shown 

by graphic symbols on a nap (pl. 8). 
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A brief discussion of the problem was offered by feller (1957) 

VW related the chemical quality of meters in nine rivers to their 

Seelogis environments and to the influences of man. The data used 

mere takes largely from Clarke (1924), cited earlier iu the present 

discussion. Keller, however, pointed out the common occurrence of 

high silica content in rivers draining igneous termites under both 

temperate and tropioal hmnid *limas conditional, Me further com-

mented on the chemical character *fluter draining limestone terminal 

and the effects of nine drainage, paper-mill waste, and irrigation 

return flow upon selected streams. Keller suggested that for the 

general case (1) soluble ions are released during weathering about 

as would be predicted on the basis of hydrolysis and other reactions 

between water and minerals, (2) that the waters tend to reflect the 

rock materials and reactants and the energy of weathering (climate), 

and (3) the soluble constituents of we complement the solid 

residua to account for the composition of the unaltered parent rocks. 

A paper My Andersen and Makes (1958) compared the chemical 

composition of stream waters and of rocks in their drainage basins in 

ems totalities in Mew Vangobire and sae in Verna*, where the drainage 

basins had shamically hargsmeses seek terrains.. Principal attention 

nue gives to determining ties aim* of nobility of selected 

conotitments. The determination MM as follows: Mpea>11a>11:41>A1 

A year earlier, Namkes (1957) discussed the use of seeehenical 

techniques in prospecting sad the goochesical behavior of individual 

eletlents, especially metals *swiss economic interest. A noteworthy 

biblioraphy is a pert of his mar. 
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The behavior of silica in the sedimentary cycle was discussed 

by Siever (1957) who included the statement that with respect to 

other ilissolved solids silica will be highest in the upper parts of 

streams that drain sistaserphic or igseensoireck terrains where ehenical 

weathering is at a msnAmma. In such streams silica slows assts to 

an average of about 25 to 35 ppm. 

The relationship of water quality to the geologic savirommaat 

was discussed by Hem (1959, p. 201*216). The paper includes discussion 

of the types of water that alanald ideally emerge from various rock 

environments and the yields of initivtfival comatituests, especially 

silica, during chemical weathering of same of the major rock-forming 

atnerals. The discussion is largely general in nature, treating 

Aimenna, sedisoatorys sad sotomorphic rocks as groups. Individual 

mask typal are treated only by • for sanples. Variations in chemical 

quality of water hoe a single rocl, type, but occurring in varied 

soviromeents, are to be expected as climatic influence* affect rates 

and types of weatherin3 of the rock-forming minerals, according to 

tea. Waters from igneous rocks show a direct relation between silica 

and sodium contests*-high concentrations of silica be .Y characteristic* 

ally common in waters hosing high sodium persenteges and Low silica 

eenasatrations beim fond fainters associated with rocks having larger 

proportions of ferramagammoisasgnarals. 'slaters characterised by high 

sodium and alkalinity, as upper limiting value for allies — be fly 

caleulated by seanmias that Amer molecules of 5i02 are prodigal 1St nib 

two Me+ ions. Waters from dolomite should contain approximately equive* 

lent amounts of calcium sad negnosima. sag by implication waters from 

limestone should contain an appreciably greater amount of calcium than 

of nay nesium consider& in terms of equivalents per 'Anion. 

13 



The feregeim; citations suffise to show that difficulty has 

bees experlemsed in relating meter quality to rock toressee of ortgillo 

that in 16601 cress success has b obtained, that ester free 

carbonate-rock terrace is generally distinctive in chemaes1 dremesse, 

and that the sbaracter of water obtained from granitic rods An ON* 

Africa, far *maple, diverges markedly iron the senonol, character 

of waters firm oolitic rocks observed elsewhere is the world. 

Later eeetisee of the prole!"t pager will Oho, that in large 

part the generalities just stated appear to prevail. A Jew persistent 

rock- ter relations apparently amour, hat is many plata* MUM 

in contact with rocks of quite dive Ohisical oempeeition 

nevertheless bear strong resembling**, and is fact are often 

indist5a3uisbablo ene from another ibp -us •f major coasti. teems. 
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Masolithologic terranes 

As defined earlier, a monolitholoOe terminal for the purposes 

of the present paper, canasta of an area underlain by rock having 

2;enerally homogeneous composition, and sufficiently larioa to receive, 

store, transmit, and discharge significant amounts of water that 

has been in contact exclusively, or largely, with only one resit 

type durtmg She t me of its existnase as gLV& water. llamas 

bastne sok alaretteristicil are at best uatommOR. spesigni 

of thelimmemsic granitic rocks of central California, Ra-,:lilton (1956) 

says that tits Sierra Almada batholith consists of "* * *hurAreds 

of ospersto plutons; adjacent plutons may be of widely different 

committal* but the average cot:position changes irregularly 

eastward from quarts diorite to quartz paonsanite." 
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The Saabs River Plain of Idaho 10 underlain by many hundreds 

of feet of basalt and, therefore, should be repressetative of a 

monolithologic basaltic terrains. In point of fact, however, there 

is interlayered with the basalt at may localities sad at may 

different harts's*, aedinsatary material both fluviatile and 

Lacustrine La origin. Furthermore, some of the recharge occurs 

by streanflow onto the northern part of the Smoke River Plain. 

This strewn., originates is neememimeme erase linderlaia by rode 

of variety litholegie types. Ground mbar col t_ gyms Os aloft 

River Plain either as sprins discharge or by pumpdes tarn veils, 

is therefore water that has been in contact not only with basaltic 

rooks, tbeseeives variable in composition, but also (luring the 

course of Its travel, with sedimentary materials bevies diverse 

chemical characteristics. Finally, since the iassption of 

extensive irrigation ea the *Who River Plain, mule of the later 

now discharged by wimp to the eseyesof the Seeke Wee semeiete 

of water of various surface oristas applied in excess to the 

1n:1,1/axed lands. Such water adompos, harasse in mineral contest 

attributable to *vaporettos Siti teemeptretion and to thermoset •f 

chemical constitusats dirtyed Eros the soil during its pessa e 

downward, and from fertilisers, insecticide., and other contaminents 

added by men. 
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Any geelegist Idle has measured stratigraphic sections or other-

wise made detailed studies of carbonate rocks, is veil and intimately 

snare of the variations that exam it horinentally sad wart cally Le 

rock typos oemmemly Seemd fat esurbemate-rock teniumilie amd with the 

abumdemt imeededa of shale end sd reek types that encur in 

eemesist ion via limestone and dolomite. 

It is true, also, that identification of rocks sempsaing 

aquifers from Which enter samples are taken, is irequentiy aide 

em the basis of cursory inspection only sad the assignment of a reek 

moms is freevestly mss ported by microscopic ennminatien and mildew 

suppectsd or ehemdeel analyst* of the rock reported. 

11116 Owe ematdarstions fa mind, it is apparent that the term 

"imeelitheiMple terrane expresses at beet a gemswelimaties. It ap-

peared diemirable, nevertheless, to make a breed seedy attemptin8 to 

relate Chemise quality of waters to :Ilajor rock types. The natural 

starting point, therefore, bosom en* of deftnina the rock types to 

be examined. Three major manolithologic types were selected for 

study namely, the granitic, the basaltic, and the carbonate reeks. 

It was necessary, furthermore, to assume that lengthy sentact of 

water with the minerals composing an aquifer would impose the 

chemical characteristics of a "memolitholosic terrine upon the 

water, even though the waiter earlier might have been in contact with 

rocks of a composition different from that of the memslitholosic 

terrane being examined. 
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Analynoa of ignore* reeks were taken from the oompilation made 

by Washingtos (1917) and ware selected free the groups that he 

classified as superior analyses. additions the groups were 

chosen so as to span the rafted; of eboateol elempesidbn represented 

by grasitic and basaltic rocks. Thus)50 samples repeated ne pewits 

were selected from the grew of superior analyses reported by 

Washington) using every fifth analysis startheg Area the salts end 

of the range, and 50 analyses reported as 'quarts neneeelte" or as 

"granediorite" were selected starting from the feuds end of the tables. 

In the sans fashions 50 samples reported as nasdesite mere selected 

from the sane ad of the tables and 50 reported as "basalt" ware 

selected from the tonic end of the tables. The resulatehow 

sot different.* is chemical composition in spite of breed overlap 

that occurs in cony individual constituents. Considering the groups 

Individually, silica is more abundant in the granitic rocks sad ea 

the average potassimm likewise seams up a seseelet gaster pisportim 

Of the total rock in the granitic group. Ita the other lemed, bath 

ferric mad ferrous Ls/mare more abundant in the basaltic group of rocks 

as are negmeeina *atom end titaniun. The other osestitusets 

reported ta the tables show little variation between the two groups. 
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Per the purpose' 4ef olio poem study it was assumed that the 

differeases is rock coopositiesalmorrod on the basis of the compile• 

tier, adequately define the alissiasi atiisammess to be sweated 

between monslithologic terrains* of Ow granitic and the basaltie 

types. 

Sources of analytical data 

The ehsudeal analyses of water frau usnolithologia terranes 

are from now SOUVOOM. Here than half of the asslyssa aelected to 

illustrate belittle amd granitic waters were Medi is the projesg 

laboratory at Misclo Park, Calif., end are umpablished• gem 

unpublished data wore also used in calculative manse sod related 

etudidell reported Sister in this tent. Mow oralioss, komovec, 

Sala:Nib* all theft of carbines...rod: voters, were tabs, foam 

published soirees. The refers"... Wad ft these sonpilations are 

reported balser, grouped according to the types ad terrsne 

represented, litere appropriate, 
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Connor, J. G., Mitchell, C. C., and others, 1958, A compilation 

of che,aical ql;ality data for ground and surface waters in Utah: Utah 

state nw.,;inalers Tech. Pub. 10, 276 p. 

U.S. Geological Survey, 1959, (quality of Surface Waters of the 
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IkutiNa has been made earlier, in the section 

on the rocks, of the fast dust merry smarms are reported as repreasmties 

water obtained freers epeeifie seek type despite the fact that ideati• 

ficatioa of the rock in field and laboratory has been based ea ineuf• 

ficient study of the rock itself. This element of uecertainty remain* 

inescapable to any compilation of water analyses made from the literature. 

with respect to water from wells, the field mem taking the water sample 

is further headicapped in meet places by the fact that he is identify-

in3 the reek of the aquifer sa the basis of reports, aemetimes written 

but wore often oral, of the mar or of the driller of the well. 

&specially in the case of older wells where tine has erased the fresh-

ness of moo's memory, identificat on of rocks based on such reports is 

frequently and necessarily uncertain. The compiler of water-quality 

data is therefore seldom very sure of the actual character of the 

rocks composing the aquifers from which the water samples were taken. 

Furthermore, except in rare instances, the hydrology of the system 

from Which the reported water wimple* wore obtained is unknown or Im-

perfectly known. The seechseical eayiremmemt of the water is, therefore, 
else Imperfectly defined and lister reported as ties Rissatite" may easily 

ha's been is oemteet for ling periods of time, before or after recharge 

with various lithologic type. 
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In the gent instance, the analyses were selected for 

seeptlagima IMMO the writer had reasonable grounds upon which to 

believe that a careful attempt had been made to identify, at 

best within breed classes, the reeks from which the water samples 

wave takes. is talk are the analysis selected was tie' by specific 

reference in the ii rd taut or In the unpubliOhed report, to 

SOO of the rock types of 'nterest. 

In addition, eedb analysis used was calculated from parts per 

*MUM to equivalents per million and the clm of cation equivalents 

Bred with the sum of sniot equivalents to determine that a 

VOSOnnable balance between the two seated n the reported analysis. 

ftiforz Teoeraphie distribution of the analyses waseted for 

study has not been feasible. ThodistitenWW6 thereat., are heavily 

Weighted as to ;:eograPhie area by virtue of the aboadamas of analytical 

imports from some localities and the dearth Of analytical reports from 

ethers. A majority of the waters from atasitic rocks, for example, 

are obtained from reports from Borth Carolina. The State of 

11100biogton is inadequately represented in the tabulation of waters 

f basaltic rock because the writer homed relatively fee analyses 

repeated from that State that were sufficiently complete and adequately 

identifiee as to source. The SW30 situation is in large noasttre 

tms untie respect to the broad basalti-covered areas of northern 

Caliieraia, Swept that personnel of the present mien have col-

lasted *ems samples from that terrene. 

24 



M447 older analyses in the literature, and not a few pdbliabed 

in recent years as wit, proved to be "moulted to use for present 

purposes either bosom* they are reatricted to only a few constituents 

or bemoans the major constituents were reported with the exception 

of silica, and sills& has been wooed as a distssmiasst eposiss tea the 

work repsete4 is skis paper. 

The greassedaselysee of water fres eathseete *asks suitable 

foveae is the prase* seedy is larger them the mew hen eay other 

Talk group dealt with. The geographic distributioe of evailable 

iefurssities resserdiag store from carbonate rocks is reasonably 

adequate for the esediesetasu stilts* and for Teas, it is scanty for 

much of the minds van and is virtually aostatisteat for the Western 

States. 

In summary, 75 aoalyses of water from basaltic rocks, 100 from 

granitic rocks, 178 from carbonate rocks, and 19 from serpentine 

were finally selected for study. 
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Wot er from granitic rocks. 

® Avera g,e of lOO analyses. 

Water from basaltic rocks. 
@ Average of 75 analyses. 

W ter from corbonote rocks. 
© Average of 178 analyses. 

H avy-\ine area includes 60 

percent of these. 

Perce tog r octin v lu s 



Graphic representations of chemical character 

of water from monolitholagle torrames 

Doman of schemes, 0:raphic and otherwise, have been devise tt 

various investig.ators in their attempts to or3aniale a.d stwir 

rater-quality data. Many of these have been diesmeeed illuit-

trate(i by Ham (1959, p. l49-201). Mae Mho 

device by Piper (1944) which was used !fit yesparettso firm 1. 

Figure 1. Diagram thawing the mama Chemical Character of water 

from basaltic, granitic, and from carbonate rocks, and from serpentine. 

The diagram was prepared by ealvalatiag the mean composition of the 

-lionolltholo5iciPterrans raters selected for study in this report, and 

shows that in overall composition the average water from each of the 

fear Tea' types is calcium nap,nesium bicarbonate in character. The 

limestone water, as might be expected, is notably high in calcitlm, 

that from serpentine is aotebly high in asgassium4 but water from 

granitic and basaltic rocks is net distiaguished by large (:;fferences 

*menu the cations. water fron ell four rock types differs little in 

anion content. The diagram also Oheue that water from basaltic 

terms* and granitic terrane cannot he distinguished by use of a 

diagram, and that there is appreciable overlap of both upon the 

astiernefteetek field. The water frets carbonate rocks, however, show* 

ttifts,Siselfing thus die others. In fact, about 60 percent of the 

allialefatemillek waters studied Set 4111 the diagram within a small area 

pa the diagram. assess tits overlap was equally apparent during the 

writer's attempts t employ Moot graphic devisee, he was brought 

finally to adopt a mollification of logarithmic graphic schemes upon 

tehich to represent the chalice cheescteristics of waters. 
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The chart* sensist of fivereoseestric logarithmic crass upon 

which have beam deem equally armed radii, each raditss representing 

one censtituent, the essocestratide offishich is to be illustrated. 

The use of the logarithmic scale permits the direct plotting ei very 

maell amounts of individual adhstmoses (to 0.01 ppm) and quite largo 

WOOD 1104 essmentrotioaa on a singis diagram. In as the 

number sr radii can be adapted to Wilding moods, the .,,,raph permits 

plotting as =any individual constituents iss nay bo 4oeiroga. From 

these points of view, the .liagram is flarible. MOOSOSS thee:parameter 

selected for plotting is parts per sillies, the melt memmlly mad 

in reportia. modern water analyses, the gra* iS elm comeliest to 

use, It does not, belemPers periwig eemperiseo of waters with respect 

to silsIng as dose the trilinear dimpso, and es usual with graphic 

devisee it is Suitable for some porpaseo of comparison but totally 

ummited tie athan6 lie universal grephic device with Which to Study 

water analyaao Ism set bees iiedemW6 awe probably meow viii be. 

View fres itie Moms 

SUM II dm* the Sri ca! character of 6 spring waters err inn 

from granitic ask la Z isetern seat . Uses esters him boos selectee 

%are 24, Nissan alsohe desisal Ohmmeter of representative 

nenthermal spring muter f greeitiS zeske. 

ger illustration bosoms dip, ems all sollotted by project pereeMmei 

under controlled eemditiSMII mil ambled is oessiderable data to the 

Project laboratory. They awe asmeidered repessemtattwo ei Spin 'dates 

emerging grew 3ranitic terries in the Western Stately 1* arum Awe 
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there is little if any influence from the activities of as where 

precipitaties is moderately abundant, and viloce the miter has 

bees La soatoct slay with granitic reek during its time of 

occurvemOs s d weer. With the exception of Miss. 1053 and 

1127, the risk repressated is pert of the Sierra latholith. 
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The outstanding features shown on figure 2 are the relatively 

grentle slop, of limes connectinz sodium and calcium values of 

individual analyses, the nearly straight line from calcium across 

magnesium to silica, and the sharp Jownward inflection from the 

silica value toward bicarbonate. This configuration is considered 

repaeSsatative of waters from granitic rocks in the geographic area 

of Aid 414 utters troll basaltic terrains as well. The dis-

order IA ths* part of the chart rapresentine sulfate, chloride, and 

nitrate is characteristic of water from these sources. 

It is obvious that the configuration, Shown by the lines represent.. 

tug individual analyses, would vary if the arrangement of constituent* 

on the circular diagram were different from that chosen. If a single 

arranaement of sonstitnents is retained thrauzhout a series of 

diagrams, however, comparisoms may be made 'mane, them. 
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A smell group of thermal waters issuing from Granitic terrane is 

illustrated in fisure 3. Without enseption in the salple. available 

Figure 3. Diagram Showing chemical character ed Mateatiosiminc, 

looter free granitic rocks. 

Ikea his er California, the theme mat*** lees soolies 

related rocks are notably high in their saMbilt of Sadism and notably 

Isv in content of magnesium, romatin the point of disappearance in 

ample 1178. The group of thermal wets= is noteworthy also because 

of their relatively high contents of ttidtion awl of ealfate 411r 

chloride, or both, and besamee the OEM the uoteris isunilovely 

lawman of 8.0. The high sulfate mad chloride volute observed 

are reminiseest Id voters from Granit is rocks in the %Ion el Soya 

Africa reported by RAW (1946). Many of the South Airtime waters are 

thermal. 

Water0 from basaltic terrane 

of the waters shown in fiaure 4 are Own theses* elear• 

cut some sonelidoolesiontonoso voter tliot I ft she write r! 

Figure 4. Inegree shoving chemical chelecter of yam feee 

repreesoestive springs in basaltic rocks. 

and all are thought to be rapresontetive of water emerging fres bassItio 

reeks is areas hewing 30 armor* tease of rainfall per year. 'mare 

pnioetpal differences between basaltic voter represented is figure 4 

and the nenelheemal granitic water shown in figure 2 relate to the hilher 

eerseetrationo of section sod of noposium relative to eateime in the 

water from 'basaltic seeks. The sunk He and ieflecties of the liege is 
the area from silica to biearbeeate that was remarked Apse with referosoo 
to the geoeitic ureters appears is the diagrams reproseaties waters gala 
basaltic rocks. As will be shown later, this inflection it sit varies.* 
with the patterns dawn by plots of waters from carbonate reeks or from
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Watert from carbonate rocks 

Analyses of water associated with carbonate-rock terra*** awa 

dAigrammed as f1gurt 5. no earmarks of these waters as th snow 

*001/..6•••11111111 

risure 5. Diagram Obeying chemical character of water frma 

carbonate reeks. 

en the circular diagram art functions of the high calcium value relative 

to sodium and the high content of bicarbonate relative to silica. In 

Seltrast to water from granitic or basaltic terrans4 the line from the 

magnesium radius, through to the bicarbonate radius is, in the case 

of carbonate vater, either gently convex downward or actually concave 

upmaril4 The latter characteristic is shown on figure by the dolomitic• 

rook opthiss as. 1 and 2. The resulting configuration, resembling 

a bird's host with a crest at calcine and the poise of the beak at 

bicaihenaftial fitter sties of waters Iron antbomato subs. The 

anima libootse Shoos grouping of the analyses represeoted into three 

types. analyses 1 sod 2 represent springs soorgios Isom dolomite in 

Missouri and wall display the high ceotsot of aragassion Which is to be 

expected. Analyses 4 sod 5, ewe from Platisaylvanis and the other from 

ontucky, are characteristic of water emerging funk moo lime-

stone, (tug carry a high content of calcium and an intermediate ormomit 

of magnesium in comparison with samples Nes. 3 and 6 which presumably 

relate to ablost pure cs1c5.Ta carbonate limestone. In general, the 

behavior of water from carbonate-rock terrane is that which :eight be 

expected in vlew of the chemical colaposition of the host rocks and in 

view of the relatively high solubility shown by carbonate rock in the 

presence of water containing dissolved carbon dioxide. 
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Waters from serpentine 

Relatively little informaties was found regarding water emorgimg 

from serpent me. tag the 19 amslyses found, nearly half are from 

thermal springs emerging from serpamtime in California. These 

thermal springs are highly mineralised for the most part and are not 

considerei representative of water emerging from the serpentine 

terra's*. The general character of nenthermal waters derived from 

sere ties is Aso by figure 6. The diagram illustrates samples from 

Digest 6. Diagram showing chemical character of ammtlisrmal 

water from serpent ne. 

two veils in Scott Tilley is far northern California, two 4012.06 

from serpentine in Pennsylvania, and (fig. 6, No. 3) Clear Creak mar 

Na, Idris. in San Ienito County, Calf. At low flaw, Clear Creek is 

made up entirely of water emerging from springs in serpeatine. With 

respect to the low content of calcium, the very his" ant of 

maantsium, and the very high content of carbonate sad bicarbonate 

that generally characterise waters iron serpentine, tho tinter of Clear 

Creek conforms to the serpentine type. However, periwig* ioassuspe it is 

a surface water and not a ground water, it is such lower in silica 

content than are the other waters derived from serposting. The normal 

sbcndance of magnesium and of s lies La Chase waters is pre ably 

to be related directly to the chemical sempositica of the reek itself, 

and the relatively high content of iron Mims by samples 4 and 5 would 

likewise appear to be consistent with this hypothesis. The fact that 

Clear Crook has a low iron contest is expected because the iron content 

of natural waters diminishes very rapidly upon their wairgesse from 

the group:'. Iran was not determined in the waters from the two walls 

in northern California. 
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Ratio studio* 

Review of the circular diagrams makes it clear that relationships 

amont3 the major constituents dissolved is grouad water serve reason• 

ably well to distinguish carbonate...rock waters. They do not, however, 

suffice diagrammatically to separate water derived from basaltic rocks 

from those ori4inatin in granitic rock. This is true even in the 

most nearly characteristic waters selected for illustration in this 

paper. It is even more apparent when dolmens of analyses are charted 

on the circular diagrams. The trilinear diagram (fig. 1) further 

shows that the fields of water from granitic, basaltic, and carbonate 

rooks overlap widely. Additional points of approach, therefore, were 

examined in en attempt to anti a device that would satisfactorily 

separate basaltic rock and granitic-rock water sealyses. 

As a first attempt, the major constituents is the waters selected 

for study ware reduced to percentages and the resulting mean percent-

ages were plotted on a diagram (fig. 7). The lines representing waters 

Figure 7. Comparison of mean percentages of major ions in waters 

from granitic, basaltic, and carbaeate rocks, and from serpentine. 

from granitic rocks sod basaltic rocks travel nearly parallel courses 

across the percentage disignmy the major point of distinction being 

in the higher magnesium amid lower calcium percentage* Jond is water 

from basaltic rocks. 
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Figure 8. Graph showing concentrations, in equivalents per million, of major constituents in water from granitic rocks 

and basaltic rocks in Idaho, and basaltic rocks in Arizona. 



Meth the major and minor constituents is water from *11 the rock 

types considered show such a wide range of overlap in concentrations 

that say attempt to make separation by statistical treatment of the 

lets is faredeemed to failure. Figure 8 illustrates the problem for 

Figure 8. Ora. Amiss oeseentratieme, in equivalents per 

million, of mejor cematituents in voter from granitic reks ad 

basaltic rocks in Idaho and basaltic rocks in Arirtv,r______ 

three selected groups of samples. These samples show that it 

individual areas, in this case Idaho, water from grsaitic rod* semi 

from basaltic rocks may differ by sigaificant degrees in contest 

of dissolved solids. With the essepties of silica, fluoride, 

and nitrate, the absolute concentrations of the censtituents are 

significantly greater in the basaltic waters than in the waters from 

granitic rocks although the relative abundances are similar. This 

distinction tends to confirm the statement made by LoGrand (195$ 

that lithologie determinations based on the chemical character of 

ground water may be reliable in local regional studies. The peek 

(fig. 8) shave, however, that water from basaltic rocks is Ariass 

vavid be iaditinguiskable from water from granitic cosh* is 

It appears, therefore, that rocks of quite differs* chemical 

character may yield waters of stromgly similar chemical Character 

vbas the rocks weather under different conditions of climate and 

topography. 
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A louse somber of ratios based on the major concatenate 

dissolved is the water*** studied in an attempt to f-nd 

relationships that to chareeterizeisater from a aonolithologic 

terrains. Sash possible poirin of aftetitmeitit was tried and 

many ratios in rich amptitumarA were combined were also tried 

without discovery of a relationship unique to any one of the 

terranes. 

U. ratios did emerge, basever, that approach the goal sought. 

One ratio Ca x 3 , all oememotrations being expressed in parts, 
Na x SiO 2 

per million, separates water of caxbemetie..rock terrases (ratio >2C) 

from water of etber r*k OrldreamentS (ratio <20) in 89 percent of 

55S samples tested. Illimdastiom of 3 high-silica waters reportedly 

from the Oesla Limesteme in Georgia imeremeed to O4 pelmet the 

properties to sitich the stated relationship applies. Us mowly 

Included water derived from the Dakota Sandstone in various parts 

of Wirth and South Dakota, mad water from the Carts= sand and front 

the Indio Formation, oessisting largely of argilleceons sandstone 

mod ere sous Shale, La ems. The relationship appears to be 

reliable as am eermerk of waters from carbonate-rock terra** in 

about 90 percent of the possible cases. 

34 



wee effasttireaese of this ratio may reflect the escurrmace of 

Ms steady-4state cenditions is nature. In the carbonate-reek 

slOteu, abundant calcium is readily available and indium but 

sparsely represented. In the presence of water costainise dissolved 

alb diauldep the rock-water system will trend toward equilibrium 

beeress Ohs calcite of the rock sad the carbonic acid of the water 

phone. In the other lithologic environments studied, sodium and 

silica are more abundant constituents of the mineral assemblftes. 

The later stages of weathering of these minerals yield, is part, 

sodium aluminum...silicate clay minerals such as the kaolin grasp. 

These minerals, even if present mainly as films surroundina grass 

of little-altered minerals, are these is eentact with water raovisg 

thread!' the reel. The result is a temoisety toward aquilibrum 

Masses the water and the sodium silicate phase. 
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Figure 9. Frequency graph showing distribution of the ratio Na x Mg 
Ca 

in water from basaltic and granitic rocks. 



An additional ratio has some use in differsatiatin waters from 

various igmsoms-rock terraces. This is the ratio all 

concentrations expressed in parts per million, and is illustrated 

by figure 9. The total Aroup of analyses, 100 waters from granitic 

Figure 9. Froquency graph showing distribution of the ratio 

ALA&in water from basaltic sad granitic rocks. 
C. 

4.111111111 

terrains end 75 from basaltic, was used in preparing the graph 

(fig. 9), disregarding influx of climate and topography in the 

various areas for which information vas available. This distributions 

obtained suggest that where the ratio is numerically greater than 8, 

there is about 1 percent probability that the water is from granitic 

rocks, and 99 percent probability that it is from basaltic. Where 

the ratio is 4.5, there is a 10 percent probability that the water 

is from exanitic, not basaltic, rock. Aad wheys the ratio is l.5 

or smaller, the likelihood is mart than 95 percent that the water 

is fren granitic rather than basaltic rock. The ratio his eel boon 

tested for breed application with respect to waters from other 

litholagic types. 



In summary, it appears possible to recognize water derived from 

"Arbogast* rocks in about 90 percent of all examples tested, using 

NCO
the ratio Ca x and that the ratio 1141 

Ca may serve to 
Na x SiO

2 
distinguish waters free various igneous roe), types when the applies-

tion is restricted to environments in which the con:iitions of 

climate and topography are reasonably consistent. No other experi• 

mental relationships used in the present study ailed to express 

characteristics that are in any way unique to water obtained from 

one of the selected noaolithelegis environments. 

The results of an extended empirical study of water reportied 

to be from monolithologia aquifers have thus beau largely assistPve• 

Mnjor difficulties encountered Laclede inadequate definition of 

olhindsal and mineralogical conpeoitiem of the rocks that compose 

060!Squifers. There is also a strong probability that, in moony 

Oases, the climatic environment and products of weathering —not 

do original constituent minerals....exercLse the Larger control 

upon the chemical composition of water uovisc through the aquifers. 

Variations aa major chemical constituents in the water 

apparently cannot be relate,: to the minerelogical composition of 

the aquifers accept in the 'lost gross and obvious situations. And 

twodworadasts along; these limes are not likely to proe.ce useful 

results. 
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