
17-D-1 Chlorine 

17-D. Abundance in Rock-Forming Minerals; 
Chlorine Minerals 

I. Rock-Forming Minerals 
Chlorineforms few independent rock-forming minerals (Table 17-D-l). In sodalite, 

Na,AlaSi.:,o120, which occurs in silica-undersaturated igneous rocks, the chlorine 
content may be as higb as 7.3%;- however, sodalite forms solid solutions with uosean 
and haiiyne (CORRENS, 1956) and consequently the chlorine content is frequently 
lower than this. 

Another chlorine mineral whicb occurs in the undersaturated igneous rocks is 
eudialyte, Na~ZISi60180, the chlorine content of which has been found to range 
upto 2.2')1. (KOSTETSKAYA, 1961a). 

The mineral scapolite, which occurs in metamorphic and pegmaritic rocks 
(SHAW, 1960), has two principal end members, chlorine-rieh marialite and carbonate­
rich me.ionite (DUR rl a/., 1963). The chlorine content of scapolire has been 
shown by SHAW (1960) to lange upto 3.3% 

Apatite, which is widely distributed in igneous, metamorphic and sedimentary 
rocks, has a chlorine end member Ca~(PO.)3d, chlcrapatite, which can contain upto 
6.8% chlorine. Terrestrial occurrences of chlorapatite appear to be rue, being 
limited to some hydrothermally formed varieties as at Odegardeo, Norway (M:OR­
TON and CATANZARO, 1964). Apatite found in rocks generally eontains less than about 
1% chlorine (KIND, 1938; BEHNE, 1953). An experimental study of the calcium 
orthopbosphate-alcium chloride system and the stability of chloraparite was per­
formed by MORTON (1961). 

Halite, NaO. OCC1JIS in evaporite sediments along with other alkali and alkaline 
earth chlorides. Ir has also been found in metamorphosed sediments (ENGEL and 
ENGEL, 1953). In addition, crystals of balite bave been shown to occur within fluid 
inclusions in igneous rocks (STOLl.ERY rla/., 1971; ROlmDER, 1972). 

The chloride ion can substitute for the hydroxyl ion in bydroxysilicare minerals, 
despite thefaidy large difference in the respective ionic radii (OH- 1.40A; Cl- 1.81A) 
(CoRRENS, 1956; JOHNS and HUANG, 1967). The relatively large ionic radius of 
chlorine compared with thar of fluorine (1.36 A) make it appear unlikely tbat these 
two halogens can readily substitute for one another in minerals UOHNS and HUANG, 
1967).1.E:ELANANDAM (1969b) found II. definite negative correlation between chlorine 
and fluorine in some bornblendes from chamockites, but suggested the possibility 
of a vague positive correlation between these two elements in biotites from the same 
rocks (LEELANANDAM, 1969a). 

KURODA and SANDELL (1953) considered it possible for chlorine to substitute in 
the 0 1- position in silicire minerals, but this is considered unlikely by JOHNS and 
HUANG (1967). 
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Table 17-D-l. ChJoriJlt in ro&J:-jorming mineral! 

Sample, source Numbcr Chlorine content % Reference 
of 
samples Range Moan 

(Method) 

Sodalites, compilation 
Sodalire, pegmatite, Norway 
Sodalire, phonolite, Kenya. 
Nosean nauynci. various igrll:ous rocks 
Scapolhes, compilation of "reliable data ,. 
Scapolices, Canada 
Scapolites, granulite pipes, E. Australia 
Scapollres, Naito (5. Auuralia) , 
Eudialytes, nepheline syenitts and pegmatites, 

Lcvceero Massif (U.S.S.R.) 
Eudialyte, Lovozero Massif (U.S.S.R.) 
Endialytes, Norway 
Ap:l.litcs, igneous rocks 
Apatite, jumllla (Spain) 
Apatite, Floitental, Tyrol (Austria) 
Apatites, igneous and metasomatic eocke 

6.55 
6.69 
5.99 
0.61 
1.29 
1.58(M) 

<0.02 (M) 
1.95 (M) 
1.36 (W) 

2.19 

0.31 
0.563 (W) 
0.053 (W) 
1.23 

DEEIl eJal. (1963)
 
TA'tLOIl (1967)
 
TATLOIl (1967)
 
TAl:LOIl (1967)
 
SHAW (1960)
 
HAUGHTON (1971)
 
LOVEIlING and WHITE (1964)
 
LOVERING and WHITE (1964)
 
KOS'tETSKAYA (196111)
 

BORNE~IAN-STAIlTNKEVrcH. 
} quoted by KOSTP:rSKAl:A (1961a) J 

o 
KIND. quoted by ColllleNs (1956) ,.
BEHNE (1953) "mBEHNE (1953) " 
VASJLEVA (1957) 

MicQI 
Biotite, granite. Germany 
Btorhes, granites, Sweden 
Blonres, granites, Japan 
Blorires, granites 
Bloeues, granites, Dahlda granitoid complex, 

'W/. 'Transbaykalia (U.S.S.R.) 
Bictices, granodiorites, Provideneia (Mexico) 
Blorhes, diorites, Dahida granitoid complex 

W. Transbaykalla (U.S.S.R.) 
Biorires, syenites, Dzhida granitoid complex 

W. Teansbaykalia (U.S.S.R.) 
Biotite, gabbro, Sweden 
Biotite, pegmatite, Kondapalli (India) 
Blotires, gneisses 

7 
1 
1 

11 
33 
8 
2 
2 

27 

1 

6 
I 
1 

13 

5.56-7.18 

0.22-1.26 
0.03-3.30 
0.03-2.30 

1.8; 2.1 
0.97-1.58 

1.44-1.70 
0.0S-0.96 

0.25-3.50 

0.053 (W) 
0.065 (NjR) 
0.038 (q 
0.168 (X) 
0.20 (C) 

0.33 (M) 
0.22 (C) 

0.21 (C) 

0.03 (NIR) 
1.96 (M) 
0.191 (X) 

BEHNE (1953) 
GILLBEIlG (1964) 
SUGItlflA (1968) 
HAACK (1969) 
KOSTET5KAYA and MORDINOVA 

(1965) 
STOLLEIlY tl at. (1971) 
KOSTETSKAl:A and MORD1NOVA 

(19") 
KOSTETSKAYA and :l\IOIlDINOVA -(1965) 
GtLLBEIlG (1964) 
Ll'.ELANANDAU (1970) 

;' 
o 
!o 

HAACK (1969) 

1 
30 

7 
51 
15 

20 
10 

14 

1 
1 

34 

-c 0.005-0.66 
0.002-0.102 
0.008-1.10 
0.11-0.30 

0.17-0.47 
0.11-0.51 

0.12-0.33 

0.035-0.61 
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Rhyolites and Iipurires (Japan) 6
 
Rhyolites and llparhes (compilation) 45
 

GluJ: rocks (]:lpan and U.S.A.) 3 
Obsi taos 4 
Obsidians (Germany) 8 
Glassy rocks [japan} 7 
GLa.sd; rocks Uapan) 4 
Obsi lens 4 
Obsidians and pumices [compilation] 43 

Trachyte, TClI:l.5 (U.S.A.) 1 
Trachyte (Gc:rm:my) 1 
Trachyte, Colorado (U.S.A.) 1 
Trachyte. Arkansas (U.S.A.) 1 
Tr.:lchYICS (Gough lsl:tnd) 4 
Tn.chyu:s and trachyandesires 0apan) 3 
Trachytes, Including alkali trachytes and tr.Ichyb~5:llts 21 

(Cze:e:hoslovakia) . 
Alkali traehyre (Kenya) 1 
Sodalhc traehyre (Arkansas) 1 
Sodalire tmchyres (Gough Island) 2 

Pnrassium-rleh shoshonires, Devon (England) 25 
Phonolites 4 
Phonolites, Bohemia (C.S.S.R.) 10 
Phonolhe, Colorado (U.S.A.) 1 
Phonolues (Ke:nya? 9 
Phonolites, phono ltlc trachyte, Arkansas (U.S.A.) 3 
Phcoctues (Caechoslovakia) 2 
Phonolite. VC'SUViU5 (Italy) 1 
Phonolites and trachytes (compilation) 29 

Phonolitie teahri[e~, Vesuvius (Imly) 17 
Tephrlees an b:lS:mitcs (Caechoslovcka) 14 
Lcucite basaniees and rephrires, Vesuvius [Italy) 21 
Leucire basanhes and repheitcs, Vesuvius (Italy) 4 

Nephelinnes (Caechoslovakia) 5 
Nephdinite (Germany) 1 

Leuelrires (Czechoslovakia) 7 

.. Total Cl. II H20-insoluble CL 

30-1,220 
20-2,000 
310-1,000 
80---4,560 

90-1,020 
161).......800 
143-760 

200-700 
17-100 

<50-1,200 

1,700; 3,800 

104--8,916 

900-----4,500 
4,20Q--.7.100 
2,500; 2,600 

20-2,500 

50-540 
<50-750 

1,000-9,400 

50-1,400 

120-720 

598 (C) 
328 

587 (C) 
2,205 (W) 

240 (W) 
517(C) 
560 (C) 
473 (NjR) 
788 
140 {C} 

<20 (W)
 
130 (W)
 
900 (W)
 
400
 

72(C) 
128 (X) 

800 (X) 
5,200 (W) 
2,750 

594 (X) 
SOO (C) 
160 (W) 

2,500 (W) 
1,910 (X) 
5,767 (W) 
2,550 (X) 
1,400 (X) 

494 

166 (X) 
226 (X) 

4,800 (X) 
4,600 

548 (X) 
370 (W) 

359 (X) 

YOSHIDA ~f al. (1971) 
JOHNS end HUANC (1967) 

KURODA and S"'NDELL (1953)
 
BEHNE (1953~
 
BEHNE (1953
 
SUGIURA (1968) 
YOSHIDA tf al. (1911) 
B2CKER and MANUEL (1972) 
JOHNS and HUANC (1967) 

KURODA and SANDELL (1953) 
BEHNE (1953J 
HOERING an PAII.KER (t96t) 
EII,ICKSON and BLADE (1963) 
LE MAITRE(1962)
 
YomroA rt aJ. (1971)
 
MACH.4.tEK and SltRBEm' (1970)
 

NASH rt al. (1969) o 
ERICKSON and BLADE (1963) z 
LEMAITRE (1962) 0 

o.,COSCROVE (1972)
 
KURODA arid SANDELL (1953) •
 
BEHNE (1953)
 
HOERINC lind PARKEE (1961)
 
NASH rJ al. (1969)
 
EItICKSON and BLADE (1963)
 
MACH.4.tEK and SHII.IICNY (1970)
 
SAVELLI (1967)
 
JOHNSand HUANG (1967)
 

S"'VELLt (t967) 
MACH.4.tEK and SHiUlE......... (1970)
 
SAVELLt (1967)
 
STORMl'l1l, and CARMICHAEL (1971)
 

MACH.4.tEK nnd SUiUlEN'1 (1970)
 
BIi;HNE (1953) 

~
 

MACH.4.tEK and SHiUlENY (1970) ~, 
'1' 
~ 

http:MACH.4.tEK


Table 17-I~1. Cbloritlt r~'jftll" 0/ utmolpbtrt, ,4inw4tt, and 1/1~fjI 
~ 

Locality Number Concentration of chlorine Method Reference 
"­, 
~ 

of (fLgfml ) 

samples 
Aerosol Gas 

Atmolpbere 

Florida, land breeze 6 0,56 0.80 C JUNGE (1963) 
sea breeze 7 2.39 2.23 C JUNGE (1963) 
all data 13 1.54 1,57 C JUNGE (1963) 

Hawaii 10 (14 G2.11) 5.09 1.92 C JUNGE (1963) 

Ipswich, Massachusens 
Cambridge, Massachusetts 

5 , 
10 

2.58 

2.65 
4.40 

N/R 

C 
N/R 

WmCUIiSTER and DUCE(1967) 

JUNGE (1963) 
WINCHESTER and DUCE (1967) o 

Barrow, Alaska 23 0.67 
-- ­

N/R WINCHESTER and Duca (1967) ~ 

0'-Chlorine content (mgfliter) " 0 

Range M= 

SIIOIJ,I 

Barrnw, Ab.skll 31 0.65-210 36.4 N/R DUCI! dol. (1966) 
Sierra Nevada 
Caechoalovakla 

28 
40 

0.0-2.6 0.6,., C FEl'H el 01. (1964) 
VALACH (quoted by CARPENTI!!l 

(1969) 

Roh' 
Hawaii 85 0.23-15,6 2.95 N/R DUCEd st. (1965) 
Japan '00 1.1 SUGAWAR.A (1967) 
California ss 0.0-23 3.55 C WHITEHEAD and FETH (1964) 
New Zealand, 0.3 miles from sea 2 25.0; 27.3 26,2 BLAKI!MORll (1953) 

4 miles from sea 2 10.3; 13.1 11.7 BLAKEMORE (1953) 
over 4 miles from sea 5 3.7-6.1 5.2 BLAKEMORI! (1953) 

:J
 



Chlorine 17-1-3 

Table 17-1-2. Tbr rbloriIJr ,ontent of gro/(rJ(1 Dlaterfrom variora rod: I.Jpu (from compilation of 
~HTrEetaL, 1963) 

Rock rype Number Chlorine content 
of samples 

Rang, M= 

Granites WId rhyolites 
Gabbros, basalts and ultramafics 
Andesites, diorites and syenites 
Snndstcnea, ukases and greyw2ekes 
Siltstones, clays and shales 
Limestones 
Dolomites 
Quarranes and marbles 
Other rnetamorphics 
Unconsolidated sand and gravel 

15 1.2-193 37.5 
16 0.7-75 22.5 

O-U 4.35•17 1.5--442 37.3 
18 2.0-1,710 209.2
!. 1.8-112 19.7 

6 1.0-17 6.92 
7 0.8-9.9 5.59 

15 0.4-----106 23.2 
2() 1.3--1,820 234.7 

Table that waters from fine-grained sedimentary rocks are enriched in chlorine, due 
probably rc the leaching out of sodium chloride from rocks of marine cngto (WHI'IE 
ef 01., 1963). The high chlorine content of unconsolidated sands and gravels is likely 
to be due to many causes, such as leaching from salt deposits and sedimentary rocks, 
and contamination from such sources as fenilizers and animal and human sewage 
(WHIlE ef al., 1963). In connection with the latter sources it is of interesr to nore that 
LAHER.\iO (1970) found high chloride values, mean 67.0 mg/lirer, for samples from 
neat agricultural settlements in Finland; his values for uncontamlnared groundwater 
were in the range 0.7 to 17.7 mg/liter. 

SUGAWARA (1967) has estimated that of the 5.2 mg/liter of chlorine in Japanese 
river waters, 0.45 mg is derived from fertilizers (i.e. 8.7%). 

The chlorine conrenr of ground water from igneous rocks is generally fairly low, 
but some samples give very high values (WHITE I!fo/.; 1963). GARRELS (1967) has 
suggested that much of the chloride in ground waters in igneous rocks is derived 
from rain water, small amounts possibly being added from chloride-rich fluid in­
elusions. NOBLE ef 0/. (1967) have suggested that chlorine can be easily removed from 
glassy igneous rocks, and it is therefore likely tbat some may be added to water in 
this way. 

KOLOTOV and KOLOTOV (1967) found high chlorine contents in geoucd waters 
ncar alkaline intrusive bodies. 

c) River Waters 

The chlorine contents of the world's rivers are givcn in Table 17-1-3; from 
several studies performed in the U.S.A., ir is apparenr thar much of the chlorine of 
river waters is derived from SOUIces other than precipiraeicn (HE;\{, 1970). Human 
activities. such as the application of chloride-containing fertilizers erc., volcanic 
gases and thermal springs are likeLy to be sources. HUTCHINSON (1968) found that 
one Imporranr source in Maine, U.S.A., was sodium chloride uscd on road surfaces 
for de-icing purposes. n A variable amount of me chlorine occurring in river waters is derived from wet 
or dry prccipiration. BALDWIN (1971) has shown that 59% of the total chloride carried 



17-1-4 Chlorine 

Table 17-1-3. WdghJrd n/rQnrof ,hlorinr ronlml of lJiorld'r riuru (from LIVINGSTONE, 1963) 

Chlorine content 
(mg!liter) 

N. America 
S. America 
Europe 
Asia 
AfriCl 
Australia 

World 

8.0 
4.9 4 

6.' 
8.7 

12.1 
10.0 

7.8 B 

B Graes (1972) has given a modified value of 5.4 foe S. American rivers, and 8.1 foe the 
world's rivers. 

out ofa coastal basin in California is derived from precipitation, but only 19% was 
derived from wet precipitation. HEM: (1970) reports studies where the chloride 
supplied by precipitation was found to be as low as 1.6%. 

SUGAWARA (1967) estimated the average contributions to japanese river waters 
(which contain 5.2 mg/liter of chlorine) as follows: 

Precipitation: 1.4 mg (26.9%). 
Dry fallout: 2.47 mg (47.5%). 
Industrial producrs : 0.90 mg (17.3%) (half from fertilizers and balf from se­

wage etc.) 
Thermal and mineral springs: 0.37 mg (7.1%). 
Chlorine has been termed a cyclic element, being derived from the sea and carried 

back to the sea in surface run-off. \Vhereas a large pt:tct:nogt: of the ehlorine in rivers 
is not derived directly from tbe sea. much of it has been derived indirectly from the 
sea. Evaporite sediments, brines. sedimentary pore waters crc., some volcanic 
waters and gast:s, and even chlorine used for industrial purposes are all derived from 
the. sea. However, small amounts are likely to be.added from breakdown of igneous 
rocks etc. 

d) Sea Water 

The chloride ion is the major anion in sea water, being present to the extent of 
19,353 mg/liter (CULKIN, 1965), while some closed basins sucb Il.S the Dead Sea can 
contain as much 208,020 mg{liter (BENTOR, 1969). 

Ir is likely that almost all the chlorine occurring in the oceans has originated from 
volatiles (RUBEY, 1951). It has been suggested that a large proportion of this chlorine 
may have been derived from outgassing of the primordial Earth (VINOGRADOV, 
1967). Other workers have suggested that mucb of the. chlorine has been derived 
from volcanic emanations (KURODA and SANDELL, 1953; RUBEY, 1955; see also' 
Section 17-F). 

e.) Oilfield Brines and Formation Water9
 

This very important topic can be considered only briefly here. In most oilfield
 (i 
brines and fortruLtion waters the chloride ion is the major anion, but in some, the 
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bicarbonate or sulfate anions exceed chloride. Many of these waters have a chloride 
content which exceeds that of sea water and it appears likely that most waters oc­
curring in sedimentary rocks are derived initially from buried seawater, which is al­
tered to a greater or lesser degree. CHAVE (1960) has suggested that changes in com­
position begin almost immediacly aft~r the water has been separated from free cir­
cularion wirh the ocean. The processes which alter the compcsirion of buried sea 
water have been classified into four caregories by CHrLINGhRrAN and RIEKE (1969): 

(i) physical (compaction) 
(ii) chemical (reaction with rock minerals, organic matter lind pore solutions cec.) 
(ill) physicochemical (membrane filtration, adsorption erc.] 
(iv) biochemical. 

The salinity of formarion waters increases with depth (l.e. pressure) in porous 
rocks (VON ENGELHARDT, 1%0). VON ENGELHhll.DT and G.uDh (1%3) found ex­
perimentally that increasing pressure on montmorillonite clays, upto 800 atmos­
pheres, resulted in the removal of NaG (lind CaCl;) from the pore solutions. At 
higher pressures, uptO 3,200 atmospheres, the NaG conrenr of the pore solutions 
began to increase again. 

The high salinity of some oilJidd brines and formation waters is due to the 
dissolution of evaporites (WHITE ~I oJ., 1963; HITCHON et ttl., 1971). 

Clays and shales can act as semi-permeable membranes, due to the electrical 
properties of clay minerals and, possibly, of kerogen (BERRY, 1969). This author 
has also deduced the following hyperfiltrarion selecriviry sequence for tbc halogens: 
CI ~ Br > I > F (Ruorine showing the greerese tendency to pass through, chlorine 
the greatest tendency to be retained). 

WHITE (1965) has suggested the following relative mobilities of ions through 
clay membranes: 

Cat-t, SO; < 0-< NHt, S-, HS-< Nat, HCO;, F-, 1-, Hp 
(see aLso EYERDINGF..'J, 1968). 

A review of diagenetic effects on subsurface waters is given by CHU.lNChRlAN lind 
RJE"" (1969). 

It is possible that some chlorine mllY be lost ftom warers due ro its incorporation 
in such minerals as chlorite UOHNS, 1963). In addition it bas been pointed out by 
JOHNS (1963) tbat chlorites of marine origin can courain as much as 1,000 ppm 
chlorine and slight metamorphism of these chlorites rn.:l.y result in a release of con­
siderable amounts of chlorine intO formation waters. 

(j
 



17-K-1 Chlorine 

17-K. Abundance in Common Sediments
 
and Sedimentary Rock Types
 

From the values quoted in Table 17-K-l, it is apparent that tbe chlorine content
 
of sediments varies greatly even within rocks of similar type. Most of this variation
 
appears to be due to the soluble chlorine content of the sediments. As very many
 
sedimentary rocks are deposited in a marine environment, it is to be-expected that
 
sodium chloride from this environment will modify the original chlorine content of
 
the sediments.
 

GULYAYEVA and ITKINA (1962a) and MUN and BAZILEVICH (1962) showed that the 
, total chlorine content of sediments could be related to the salinity of tbe environ­

ment of deposition. In the case of coals, it has been shown by GULYAYEVAand hUNA 
(1962b) that those laid down in a continental environment have a lower soluble 
chlorine content chan those deposited in shallow marine conditions. 

I. Argillaceous Sediments and Sedimentary Rocks
 
BILLINGS and WILLIAMS (1967) found that the warer-soluhle chlorine conrenr
 

of Alberta shales from bore holes was considerably grearer than that for shales
 
occurring at the surface. It has been suggested by JOHNS and HUANG (1967) that the
 
loss of soluble chlorine from marine deposited shales represents the leaching-out
 
of sodium chloride by ground waters.
 

BEHNE (1953) found very large chlorine contents in deep-sea sedimenrs j howcver,
 
this author demonstrated rhar as much as 100% of this chlorine is in a water-soluble
 
form.
 

JOHNS (1963) has obtained some interesting results on the insoluble chlorine
 
content of recently deposited marine and non-marine pelitic material in a coastal
 
region of Texas. The samples were separated into fractions of differing grain sizes.
 
In the 1-2 # fractions, dominated by clay minerals, rhe chlorine content was found
 
to increase wirh increasing salinity, this change parallelliog the conversion of mont­

morillonite to chlorite. The chlorine content increased from about 85 to 200 ppm
 
in response to rhe minemIogical change. The increase of chlorine (upro 500 ppm)
 
was even more pronounced in the < 1 # fraction, as was the change of monr­

morillonite to chlorite. In the non-clay mineral fraction, consisting of quartz, K­

feldspar and calcite, rhc chlorine content was constant at about 50 ppm, irrespective
 
of the environmental salinities.
 

JOHNS (1963) has explained this increase of chlorine with conversion of mont­

morillonite co chlorite as being due ro the assimilation of chloride ions aJoog with
 
hydroxyl ions into intermediary layers of the chlorire, as magnesium hydroxychloride.
 
In addition, this worker has calculated that chlorires from fresh-water sediments
 (j
contain about tOO ppm chlorine, while those from marine environments contain
 
upto 1,000 ppm chlorine.
 

(I) SpringctoVcd'B 1Jc,lio' Hcidclbctx 19"H 
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Table 17-K-1. Ch/Qrill~ in mlim",Jary rock! andudimmfl 

Sample Number 
of samples 

Chlorine content (ppm) 

TOtal Water-soluble 

Method Reference 

Conglomernres, Miura Peninsula (Japan) 6 

1. Cia/lie S~dimtIJlI 

70-4,500 20-4,500 
Mean 1,020 Mean 780 

C IWoHAKI tl at. (1966) 

Breccias, Miura Peninsula (Japnn) 

Sandstones end quertzires, Germany 

4 

3 (1) 

41D--t.BOO 
Mean 870 

~20 

30-1,700 
Mean 520 
(1) 5 

C 

W 

IWASAKltJaJ. (1966) 

BeHNe (1953) 

Sandseone, Minnesota (U.S.A.) 1 20 C KURODA and SANDl!.l.l. (1953) 

Smdstoncs, Miura. Peninsula (Japan) 

Sandstones, ddll holes, 1.100-3,500 meters, 
W. Turkmenia (U.S.S.R.) 

Sandstones, JllP:Ul 

16 

4 

, 

180-14,900 
Mean 2,135 

to-l,500 
Mean 423 

20-14,900 
Mean 1,903 
127-510 
Mean 439 

5-1,500 
Mean 419 

C 

C 

IWASAKI rl 01. (l966) 

Kfl,ASINT5B¥A (1964) 

OGll"A tf al. (1967) 

o 
2: 
a,. 
~ 
~ 

Pyroclasuc sandstones end conglomerates. 
Miura Peninsula (Japan) 

5 290-2,500 
Mean 894 

60-2,500 
Mean 672 

C IWASAK.HlaJ. (1966) 

Tuffaceous sandstones, Kakegawa, Sizuoka 
(Japan) 

1 (OJ 30-100 
Mean 69 

15-50 
Mean (6) 25 

C OGiTA rl aJ. (1967) 

Tuffaceous sundsrcncs, Toki, Gifu pref 
(Japan) 

13 110---480 
Mean 285 

0-190 
Me:1037 

C Ocrrx tJ al. (1967) 

QU:lruitcs, Wales (Gre:tt Britain) 5 200-688 
MClUl 444 

C KA"AR (1971) 

Grcywackcs, composite, Germany 

Greywackes, Harz (Germany) 

Greyweckes, )ll.pan 

11 

2 

3 

100 

~20; 70 

5-55 
Mean 28 

5-10 

M=' 

W 

W 

C 

BEHNE (t953) 

BeHNE (1953) 

OGlTA tl al. (1967) 
-" " ,:, 



Sample 

Table 17-K-l (continued) 

Number Chlorine ecmene (ppm) 
of samples 

Total Water-soluble 

Method Reference 

-~, 
;>;, 
'" 

Greywaekes, compilation 25 12-200 
Mean 112 

JOHNS and HUANG (1967) 

Siltstones, drill holes, 1,100-3,500 meters, 
W. Turkmenia (U.S.S.R.) 

5 135-1,791 
Mean 729 

KRASINTSEVA (1964) 

Siltsones, Miura Peninsula (Japan) 47 8D--4,100 
Mean 530 

20-4,100 
Mean 396 

C IWASAKIelal. (1966) 

Siltstones, Wales (Great Britain) 

Shales, cley and slates, U.S.A. 

Shales and clays, Germany 

Shales and days, Pierre Shale, U,S,A. 

8 

• 
17 

22 

151-370 
Mean 264 

70-230 
Mean 128 

15-450 
Mean 176 

<;100-1,300 
Mean 170 

~10-450 

Mean 67 

C 

C 

W 

KAKAR (1971) 

KURODA and SANDELL (1953) 

BEHNE (1953) 

TOURTELOT (1962) 

" ~ 

0­
a. 
" 0 

Shale, composite 32 72 C HUANG and JOHNS (1967) 

Shales, surface, Alberta (Canada) 77 7-110 
Mean 20 

W BILLINGS and WILLIAMS (1967) 

Shales, subsurface, Alberta (Canada) 13 45-2,450 
Mean 1,386 

W BILLINGS and WILLIAMS (1967) 

Shales, Wales (Greer Brlrain} 8 215-409 
Mean 265 

C KAKAR (1971) 

Shale, Nagasaki (Japan) 

Slates, Japan 

Clays, drill boles, 1,100-3,500 meters, 
W. Turkmenia (U.S.S.R.) 

1 

• 
8 

760 

0-50 
Me:ln 20 

760 

0-20 
Mean 6 
102-1,017 
Mean 665 

C 

C 

OGITA et al. (1967) 

OGiTA et al. (1967) 

KRASINTSEVA (1964) 

-r-; 

~ 
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Oays, Aichi Peef. Uapan) 8 0--4' 
Mean 12.5 

0 C OGITA el al. (1967) 

Claystones and argiUltcs. Volga-Ural region 
(U.S.S.R.) 

51 Menn 1,308 GULYAYEVA and ITKINA (1962a) 

Claystones and argillites, organic-rich, 
marine, Volga-Ural region (U.S,S.R.) 

7 Mean 1,100 GULYAYEVA end ITKINA (1962a) 

Argillites. organic-rich, brackish water, 
Volg;l-Ucal region (U.S.S.R.) 

3 Mean 200 GULYAYEV" and ITKINA (1962:1) 

ArgiUites, organic-rich, freshwater, Volga-
Ural region (U.S.S.R.) 

s Mean 60 GULYAYEVA and ITKIN A (1962:1) 

Argillites. low organic manes, freshwater, 
Volga-Ural region (U.S.S,R.) 

6 Mean 3 GULYAYEVA end ITKINA (1962:1) 

Argillites, low organic mauer, freshwater, 
Chin:t 

Marls, organic-rich, Volga-Dr:!! region 
(U.S.S.R,) 

Shales and clays, compilation 

Muds, lacustrine-freshwater, Central 
Kezakhsean (U.S.S.R.) 

6 

10 

80 

13 

30-790 

Mean 600 

50---450 
Mean 103 
1,300-14.600 
Mean 6,550 

GULYAYEVA end ITKINA (1962:1) 

GULYAYEIIA end ITKINA (1962:1) 

Jomn and HUANG (1967) 

MUN and BAZILEVICB (1962) 

o 
~ 

0­
a. 
" m 

Muds, lacustrine-saline, Central Kazakhsr:m 
(U.S.S.R.) 

15 8,500-125,800 
Mean 44,600 

MUN and BAZILEVICII (1962) 

Dup-Jta udi",mlJ 

Pelagic clays, Adamic-2 stations, various depths 
of core 

4 14,980-24,900 
Mean 19,225 

14,900-24,900 
Mean 19,060 

W BtHNt (1953) 

Blue mud, Atlamic 1 13,960 13,630 W Br.HNE (1953) 

Pc:lagic chys, Pacific-2 stations, various depths 
of core 

3 16,900-31,900 
Mean 25,880 

16,800-31,900 
Mean 25,825 

W BE~INR (1953) ~, 
",.. 



Table 17-K~1 (continued) -Sample Number 
of samples 

Chlorine Content (ppm) 
. 

Method Reference ~, 

'", TOCll Warer-5oluble ~ 

1I. Biogtni( Ilnd Chtmklll Stdimtnlr 
ClJJ"bonlltu 

Limestones, Germany J .50-240 20-110 W BEHNE (1953) 
Mean 157 Mean 69 

Limestone, U.S.S.R. 1 100 OSll'OVA (1959) 

Limestones, Japan 6 10--45 10~25 C OGll'A ~t ai, (t967) 
Mean 32 Mean 16 

Chalk. Rugen 2 (1) 220; 2,000 (1) 2,000 W BeHNE (1953) 

Dolomites. Hera (Germany) 2 610; BBO B6; 220 W BI'.HNI'. (1953) 

Dolomites, drill holes, 580~1.047 meters, 15 100~3,970 KRASINl'SEVA (1964) 
w. Turkmenia (U.S.S.R.) Mean 907 o 

~ 

Dolcrnites-c-compilaricn 4 400-880 
Mean 659 

JOHNS and HUANG (1967) 0­
o.,
• 

Si/ktIJJU 'orb 
Gierts, flints and diatomites, Germany 5 90-330 18-90 W BEHI'lE (1953) 

Mean 178 Mean 63 
Chene, Japan 3 10--45 0-5 C OGll'A et al: (1967) 

Mean 28 Mean 3 

ClJ4h 
Coals, continental in origin, U.S.S.R. 13 204-1,157 17-96 GULYAYEVA and 11'IClNA (1962b) 

Mean 435 Mean 49.5"' 
Coals, near-shore marme origin, U.S.S.R. G 256-1,995 63--129 GULYAYEVA and !TIONA (1962b) 

Mean (5) 955 Mean 931' 

Coals, North and Central England 3J Meen 3,255 Mean 3,091 W DAYBELL (1967) 

Coals, Illinois (U.S.A.) 35 <30-3,600 0-1,900 NJRjW GWSJ(Ol'BIl. and RUSH (1971) 
Mean 994 Mean 426 

.. Leached with very dilute nitric acid. 

~. 

j 



Chlorine	 17-K-6 

Undoubtedly, some of the ehlorine present in sediments is contained in amphiboles 
and micas. Day minerals generally have a low chlorine content, but some comparati­
vely high values have been quoted (Table 17-K-2). BElTh"'E (1953) found that on 
shaking up clay minerals with very dilute Hel for extended periods, appreciable 
quantities of chlorine can be taken up. 

WALTERS and WINCHESTER (1971) found that whereas most of the chlorine content 
of sediments occurs in the water-soluble fraction, not all of the remainder was found 
to occur within grains (i.e. in the lattices of constituent minerals). A small fraction 
of insoluble chlorine is bound to the surface of sediment pardeles. 

Table 17-K-2. Chlorint ill day minerals 

Sample:	 Chlorine: content Method Reference 
(ppm) 

Tow Soluble: 

Monrmorijlonire, Niigata (Japan) 25 0 C OGrTA t/al. (1967) 
Monrmorillonire, Niigata (Japan) 10 0 C OGITA et al. (1967) 
Montmorillonite:, Bavaria (Ge:rmany) 30 30 W BEHNE (1953) 
Illite, Illinois (U.S.A.) 30 25 C OGITA ttal. (1967) 
Illite, Illinois (U.S.A.) 70 70 C OGITA e/ al. (1967) 
Kaolinite, Bavaria (Ge:rmany) 290 80 W BEHNE (1953) 
Halloysite:, Lawrence County (U.S.A) 350 210 W BEHNE (1953) 

II. Coarse-Grained Clastic Rocks 
Very coarse-grained clastic rocks appear [0 be more enriched in chlorine than are 

the sandstone-greywacke rocks, which are in general low in insoluble chlorine. 
DelTA et al. (1967) found that in marked contrast to most other sandstones, some 
tuffaceous sandstones are enriched in insoluble chlorine and showed that this en­
richment was correlated with the glass content of the tuffs, higb glass contents 
generally giving high chlorine contents. Weathering of the glassy material to clay 
resulted in a very marked decrease of the insoluble chlorine content (N.B.: DelTA 
e/ a/. leached their samples with cold water which would result in the extraction of 
easily soluble chlorine. Reference to the work of NOnI.E e/ al, (1967) and Section 17-E 
would indicate that at least some of the chlorine in the glassy material of tuffs would 
be soluble. Presumably a more vigorous leach in bot water for extended periods of 
time is Hecessary to remove this chlorine). 

m. Organic-Rich Sediments and Carbonate Rocks 
The data of GULYAYEVA and lTKINA (1962a) appear to show that chlorine, unlike 

the heavier halogens bromine and iodine, does not appear to be concentrated in 
organic-rich sediments. However, WALTERS and WINCHESTER (1971) found that 
27 % of the surface-bound chlorine of sediments can be exrracred with organic 
solvents. In addition, coal samples are generally enriched in chlorine, presumably 
due in part to its incorporation into plant material which formed the coals. The mode 



17-K-7 Chlorine 

of occurrence of chlorine in coals has been rhe subject of much discussion; it is 
possible that greater or lesser amounts of the chlorine occur as inorganic salts, but 
appreciable quantities may also occur in organic complexes (GLtJSKOTER and Rucrr, 
1971). 

Relatively little dara are available on tbe chlorine content of most biogenic 
and eerbonare sediments but it appears that dolomitic Iimesrones may be somewhat 
enricbed in insoluble chlorine. KRASIN'rSEVA (1964) has also shown that dolomites 
From deep boreholes can contain appreciable quantities of soluble chlorine, 

IV. Evaporites 
The composition and origin of evaporites has been the subject of mueh research; 

the large amount of data published on these topics has been reviewed hy Baarrscn 
(1962, English Translation. 1971), SrEwART (1963), and BORCHERt" and MUIR (1964), 

The major elements of marine evaporites are those of seawater, chlorine being 
the major anion (Table 17-K-3). The minerals found in marine evaporites are essen­
tially chlorides. sulfates. carbonates, fluorides and boraces. 

Present-day evaporites are accumulating throughout the world in both hemispheres 
in two behs lying approximately between 15° and 35° from the equator (BORCl-lERT 
and MUIR, 1964), Older evapcrire deposits arc widcly distributed, occurring on all 
the continents. Evaporite deposits are recorded throughout the geological column, 
the greatest accumulation occurring during tbe Permian (BRAITSCH. 1971), 

It has Jong been accepted that marine evaporites bave been formed by evapor:t~ 

ticn of sea water bodies with restricted exchange wirh the open sea. together with a 
low influx of freshwater (BORCHERT and MUIR, 1964). although SHEARHAN (1966) 
has suggested that many marine evaporites may be diagenetic in origin, 

Table:17-K-3. S~mt of tht rhlorint-conlainiltg mintrals ofmarint fl'aporilu (from BRAITICH, 1971) 

Mineral Chemical formula 

Halite: 
Hydrohallte 
Sylvite: 
Bischufire 
Carnallite 
Tachbydrite 
Chlorocalcire 
D'Ansite: 
Kainite 
Rinneite 
Duugiasire 
Erythrcaiderire 
Koeoenire 
Zirlclc:rite: 
Hc:idornire: 
Bcracite 
Hilgardite 
Parahllgardiee 

NoO 
NaCI'2H,O 
KO 
MgO,'6H,O 
KMgOa,(j~O 

(;aMg,Ot'12 HsO 
KC:LO, 
9 Na:SOt,MgSOt'3 NaG 
KMgSO.a'3 H,O 
KsNaFe:O B 

K, PeO,,2H:O(?) 
K:FeOs,Hp 
Mg~A1"O,(OH)l'·2(?) HsO 
(Fe. Mg, CahAltOr.(OH)lS,14 H:OC?) 
N~Ca"B50.(SOJ"O(OH)s 
MgBBuOuo" 
Ca!(B!O,JsOt·4 a,o 
Ca!(BtOIJ.O.,4 a,o 



Chlorine 17-K-B 

Halile 

a 

Halite 

--­,-="" --­ll:: .• ­

Halite 

c 

Fig. 17-K-1. Comparative prccrpuauon profiles for evaporites: a experimental eva­
poration of sea. water; h the Zechstein: c average of many other dcposi[S (from BOIl.CHEIl.T 

and MUIR, 1964) (N.B. In band c bischofite is absent, heing replaced by carnallite) 

Halite is the major chloride mineral of evaporite deposits and is the first of the 
chloride minerals to form, gecceally occurring with or following the calcium sulfate 
minerals. The other chlorides occurring in significant amounts are sylvite and car­
nallite which are more soluble than halite and are consequently precipitated during 
later stages of evaporation. Bischcfite occurs in the final stages of crystallization 
(see Fig. 17-K-1). In addition to the occurrence of sylvite as a primary mineral of 
evaporites, many deposits of this mineral are secondary in origin, resulting from 
solution metamorphism of carnallite (BRAlTSCH. 1971). Many of the chloride minerals 
of evaporites are formed due to solution metamorphism. Hence CaCl2-ricn solutions 
may be imp'ormnr in the formation of secondary rachybydrlre, while eicneite is 
formed during metamorphism by FeC4-rich solutions (BRAITSCH. 1971). 

The composition of non-marine evaporites is far more varied, but normally 
the chloride ion is quantitatively less Importanr rhan the sulfate and carbonate 
acicns. 

Detailed accounts of the origin and nature of evaporites arc given in the pre­
viously cited works. 



17-L-1 Chlorine 

17-L. Biogeochemistry 
Chlorine as the chloride anion is an essential element [or many animal and plant 

groups including the mammals, insects, angiosperms and possibly algae and bac­
teria (Table 17-L-l; BOWEN, 1966). Chloride is a major anion in mammalian blood 
and is also concentrated in the hair of mammals (BOWEN, 1966). Some coelenterates 
concentrate chlorine (VINOGRADOV, 1953). 

'Table 17~L~t. Ch/orinr in plan/s, animals aM animal /xlrd parIs and dry Ii/ruts (from compilation 
of BoWEN'. 1966) 

Sample a (ppm) 

Planls 
Brown algae 4,700
 
Bryophytc:s 67.
 
F= 6,000
 
Angiospl:fIDS 2,000
 
Bacteria 2,300
 
Fungi 10,000
 

Animals 
Coelenterata 90,000
 
Mollusca 5,000
 
Echinodermata 7,000
 
Crustacea 6,000
 
Insecta 1,200
 
Pisces 6,000
 
Mammalja 3,200 

Animal hard paris 
Mamma.I hones (apatite) 3,900
 
Porifera (SiD.) 52,000
 
Comb (CaCOJ 1,700
 
Molluscs (CaCOJ 35
 
Red algae: (CaCOJ 5,000
 

Drird mammalian tiSSI/U 

Bmin 8,000
 
H=< 6,000
 
Kidney 9,000
 
Liver 4,800
 
L=g 12,000
 
M=I, 2,800
 
Skin 11,000
 
H,;, 20,000
 (j 
Mammalian blood 2,900 

o Spriogu-Vabg Berlin· Hddclboqr 1!774 



Chlorine 17-L-2 

Chlorine is taken up by marine and terrestrial plants; SHAW (1962) states that 
it occurs in all algae and is the major halogen in this group. However, chlorine is 
not generally concentrated in marine algae with respect to sea water (SHAW, 1962; 
VlNOGRAOOV, 1953). From the work of GAllRIELLI and MARLETTA (1969) on algae 
in the Gulf of Trieste, it appears that the Rhodopbyceae are richer in c:blorine than 
the Phaeophyceae or Chlorophyceae, but this is not apparent from the values quoted 
hy VINOGRADOV (1953). 

In the freshwater algae, chlorine is often enriched compared to the environment 
(SHAW, 1962). In terrestrial plants also, chlorine appears to be concentrated relative 
to the soil solutions (BOWEN, 1966). 

From a study of several terrestrial plants, PORTYANKO eral. (1970) found that 
chlorine was concentrated generally in the cortex, mature leaves and peduncle; 
Iowesr chlorine contents were found in young leaves, seeds, wood and other young 
organs. 

Chlorine in plants is present mainly as the chloride anion, but some organic 
chlorine-containing compounds have been found in marine algae (SHAW, 1962) 
and fungi (BOWEN, 1966). Some of the organoc:blorine compounds of fungi arc 
antihiotics (BOWEN, 1966). 

For chlorine in coals see Table 17-K-1. 

(j
 



Chlorine 

17-M. Abundance in Common Metamorphic Rock Types 
The chlorine contents of greisens and metasomatised rocks have been dealt 

with in Section 17-F; also the chlorine content of minerals from metamorphic rocks 
are given in Table 17-D-1. 

Comparatively few analyses are available for chlorine in metamorphic rocks; 
some values are quoted in Table 17-M-1. From these values, it appears that chlorine 
is fairly low in schists, though this is not borne out by the average values quoted by 
JOHNS and HVANG (1967) (see Table 17~MM2). The data of JOHNS and HUANG also 

Table: 17-M-1. Cblorin: in mdamorpbi' ro,h 

Rock	 Chlorine Reference 
content 
in ppm 
(method) 

Phyllite, Morrison County, Minnesota 
(U.S.A.) 

Mica schist, Morrison County, 
Minnesota (U.S.A.) 

Staurolite: schist, South Aitkin County, 
Minnesota (U.S.A.) 

Sehist 

Chlorite-carbonate schist, shear zone, 
Yellowknife: (Canada) 

Carbonate-sericite schist, shear zooe, 
Yellowknife: (Canada) 

Schist, Chichibu, Saiuma (Japan) 
Schist, Chichibu, Saitama (Japan) 
Schist, Nagaroro (J3pan) 
Schist, Nagaroro (J3pan) 
Schist, Beisl, Ehime (J3pan) 
Schist, Takenuki, Fukushima (Japan) 
Semi-pelitic schist 
Graphite: gneiss, Gifu Pref, (Japan) 
Hornblende gneiss, Gifu Pref. (Japan) 
Migmatite 

Hornfels 

Amphibolite, N. W. Adirondacks, 
New York, (U.S.A.) 

Amphibolite, N. W. Adirondacks, 
New York, (U.S.A.) 

Composite, meta-diorite and meta­
gabbro-dykes, 'Yellowknife (Canada) 

SO (C) 

SO (C) 

70 (C) 

120 (\V) 

trace (W?) 

100 (\'7 ?) 

55 (C) 
15 (C) 
10 (C) 
10 (C) 
S5 (C) 
10 (C) 
47 (C) 

140 (C) 
230 (C) 
145 (\V) 

150 (W) 

400 

300 

ZOO (\V?) 

KURODA and SANDELL (1953) 

KURODA and SANDELL (1953) 

KURODA and SANDELL (1953) 

GR.J'.ENLAND and LOVERING 
(1965) 

BOnE (1961) 

BOrLE (1961) 

QGIu:1 al. (1967)
 
QGIu:1 al. (1967)
 
QGIu:1 al. (1967)
 
QGITA:I at. (1967)
 
QGITA:/ at, (1967)
 
QGITA:/ al. (1967)
 
HUANG and JOHNS (1967)
 
KURODA and SANDELL (1953)
 
KURODA and SANDELL (1953)
 
GRBENLAND and LOVERING
 

(1965) 
GREENLAND and LOVERING 

(1965) 
BUDDINGTON and LEONARD 

(1962) 
BUDDINGTON and LEONARD 

(1962) 
BOrLE (1961) 

o SpriDSCl.V""bs8CIlin· HdddbcrB: 197~ 



Chlorine 17-M-2 

Table 17-M-2. Multi ~'Oh~l for ,Norine ill melol11orpb,& roth (from compilation of JOHNS and 
HUANG, 1%7) 

Rock Number 
of samples 

Chlorine content (ppm) 

R.ng, M"'" 

Schists 
Gneisses 
Amphibolites 

68 
24 
16 

70-900 
140-1,OUO 
10D--4(l0 

354 
207 
300 

show that the chlorine content of amphibclites is fairly constant due, they suggest, 
to the ccnsisranr mineralogy of these rocks. 

It has been assumed by JOHNS and HUANG (1967) that chlorine is generally higher 
in rocks rich in micas and amphiboles. BoYLE (1961) thought that the chlorine of 
meramorphics in the Yellowknife area of Canada, was likdy to be present in apatite 
and chloride inclusions. . 

The chlorine content of biotites from gneisses was found by H.u.CK (1969) to 
be within tbe same range 'as chose for granitic rocks. However, some hydrcxysilicare 
minerals from metamorphic rocks are extremely high in chlorine (LEE, 1958). In 
addition metascmatised rocks such 'as skarns can contain hydroxy minerals with 
extremely high chlorine contents, e.g., Dashkesanite. 

OSIPOVA (1959) found between 100 and 500 (mean 230) ppm chlorine in seven 
skarn samples from TashbuIak, U.S.S.R. 

FUGE and POWER (196%) found between 498 and 1,760 (mean 904) ppm in six 
xenolith samples from the granites of S. W. England. 

The chlorine contents of 53 amphibolite-greenschist rocks from the Dn1r:adian of 
Scotland were found ro range between 63 and 430 (mean 130) ppm (X) (VAN DE 

!<AMP, 1970), while 5 pclircs from the same series contained 85--210 (mean 129) ppm. 

(j
 



17-N-1 Chlorine 

17-N. Behavior in Metamorphic Reactions 
BOYLE (1961) found little variation in the chlorine content of progressively 

metamorphosed roeks oftbe Yellowknife area; the average chlorine values for each 
of the three facies types, amphibolite, epidote amphibolite and greenschist, were 
300 ppm. VAN DEKAMP (1970) found only slight variations with metamorphic grade 
in the chlorine content ofgreenschist and amphibolite rocks of the Scottish Dalradian. 

Only small increases of chlorine content were nored by FLOYD and FUGE (1973) 
on increasing contact metamorphism of basic and intermediate igneous rocks of 
the Land's End aureole (Table 17-N-1). These authors also noted that the contact 
metamorphosed basics contained far more chlorine than regionally metamorphosed 
rocks from the same area; however, it must be borne in mind that the Land's End 
granite is chlorine-rich (POGE and POWER, 1969a). 

During regional metamorphism, chlorine may be mobilised and enter: newly 
forming minerals sucb as scapoliee and chlor-aparlre. During progressive metamorph­
ism of amphibolites in the N.W. Adirondacks, New York, the chlorine conrenr of 
homblendes decreases (ENGEL and ENGEL, 1962). 

Release of chlorine from minerals' during progressive metamorphism could also 
result in the accumulation of chlorine in the residual fluids of metamorphism, as is 
the case during magmatism. 

Much of the data regarding the behavior and role of chlorine during meta­
somatism has been discussed in Section 17-F. 

Table 17-N-1. Chlorine (on/ml of 10mr mrJamorphoud mafi' and intrrmrdiatr ignro/II ro,h from 
Cornwall, S. W. England'" (from FLoYD end FUGB, 1973; method: C) 

Rock type Number Chlorine content 
of (ppm) 
sampll::'l 

JUnS' M= 

Con/aa mr/amorphoHd 
Actinolhe-beadng mafic boeuelses 8 683-1,528 1,207 
Hornblende-bearing mafic homfdses 18 700-2,129 1,355 
Homblecde-beceing intermediate hornfelses 9 460-2,090 1,253 

i\cfrlaIOma/iud 

AnthophyUire-bCU"ing magnesian hornfelses 5 216-360 280 
Cummlngsronlre-bearing magnesian homfelsl::'l 15 240-1,373 945 
Calc-sdicare-bearlng calcareous hornfclscs 4 232-1,450 956 

Rtgionally mtlamorpho,td 

Low-grade mera-dclerlte-diabase 14 4--288 162 

.. The eornaer metamorphosed rocks are from the Land's End granite aureole, Peowirh
 
peninsula, Cornwall. Regionally metamorphosed reeks ere from Cudden Point, S. Cornish l\ .
 
coast. (N.B. All of these samples were collected from coastal Iccalities and therefore some
 
of the chJorine found may be due to eontaminarion.)
 

lIovi.o<1l .,..."u~p< r=i.rd, Mll<h 19'7) 

o Spring......Vcrl>g Berlin· H<jiklbcrg 191~ 



Chlorine 17-0-1 

17-0. Relationship with Other Elements; 
EconoollcIDlportance 

I. Relationship with Other Elements 
a) Relationship with Other Halogens 

HUANG and JOHNS (1967) found that the ratio 0IF decreases systematically from 
basic to acidic rocks. The ratio for ultramafic rocks is generally greater than one. 

FUGE and POWER (1968) have suggested that during progressive alteration of 
South-West England grn.n.itic rocks. the OfF ratio decreases. 

Several workers have suggested that the BrIel ratio of igneous rocks and volcanic 
gases is fairly constant (SUGIURA, 1968; YOSHIDA. et a/., 1971), 

b) Relationship with Mineralisation 

Ore-forming fluids, whatever their: origin, are likely to be enriched in chlorine 
(see Section 17-F). STOLLERY eJ al., (1971) suggest that the chlorine eonrenr of Inrru­
sive rocks may be used as a possible prospecting tool. KEsLER e/ at. (1972) found that 
high chlorine contents of plutonic rocks correlate with high copper values arid that 
intrusives associated with mineralisation are chlorine-rich (see also KEsLER and VMf 

LOON. 1972). 

Il. Economic Importance 
Chlorine has heen used extensively for the disinfection of water supplies. It 

finds wide usage in the manufaceure of antiseptics, medicines, dyes, paper products, 
insecticides, foodstuffs, paints, plastics and several other products. In addition, 
chlorine is widely used in organic chemistry for the production of such compounds 
as chloroform and carbon tetrachloride. 

According to HAMMOND (1971) most industrially produced chlorine is used for 
the manufacture of chlorinated compounds for use in sanitation, disinfectants, pulp 
bleaching and textile processing. 

Common salt has heen of great commercial importance since prehistoric times, 
being an essential ingredient of human and animal diets. In tbe Ancient world, salt 
was a very important part of the economy and was even used as money (Encyclo­
paedia Britannia, 1962). 

Sodium chloride is used as a seasoning ingredient of foods and a preservative 
fee mears etc. As well as its culinary uses, salt is Impc rtanr in industry. heing used for 
the production of sodium, chlorine, hydrochloric acid, sodium hydroxide, sodium 
sulfate and other sodium salts. It also finds uses in the dyeing industry and in the 
manufacture of soaps, paints and cements (HEILBRUN, 1950; BORCHERT and MtrIR., 

() 1964). 

IC Sp~Vulog &1110· Hdddbc:rg 1974 
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