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Lithium in flint clay* bauxite/ related high-alumina 

materials/ and associated sedimentary rocks in the 

United States--A preliminary survey

By

Harry A. Tcurtelot and Elizabeth F. Brenner-Tourtelot

Int roduct i on

Potential great increase in the demand for lithium 
for use in batteries (Chilenskas and others/ 1976) and 
for fusion power (Bogart/ 1976)/ as well as for 
conventional uses/ caused the U.S. Geological Survey in 
1974 to begin an intensive assessment of the lithium 
resource potential of sedimentary rocks. Much of the 
sampling effort has been concentrated on evaporite-rich 
playa sediments in the western United states and 
voIcanic-rich lacustrine and fluviatile sedimentary 
sequences that are of Cenozoic age and that might 
contain hectorite/ a lithium-bearing smectite 
(Brenner-Tourtelot and others/ 1977; Vine and 
Brenner-Tourtelot/ 1977).

Spectrographic analyses of kaolinitic underclays 
and associated shales from Pennsylvania showed that 
these materials also commonly contain more than 100 
parts per million (ppm) lithium. This amount is large 
compared to a generally accepted average abundance for 
lithium in clayey rocks of about 70 ppm (Heier and 
Billings/ 1972/ p. 3-k-l). Some of the underclay 
samples contain as much as 300 ppm lithium. The flint 
clay from Clearfield Count/ PA/ in the National Bureau 
of Standards/ standard sample no. 97 contained almost 
1/100 ppm lithium (National Bureau of Standards/ 
1951/1955). These data led to a preliminary sampling 
of flint clays in western Pennsylvania which yielded 
several samples containing about 900 ppm lithium and 
one containing 1/400 ppm (H. A. Tourtelot and Meier/ 
1976).

Consequently/ samples of kaolinite and other 
high-alumina materials were solicited from colleagues 
and companies. In addition/ working and abandoned clay 
pits/ company stock piles/ and outcrops were sampled in 
the refractory clay districts of Pennsylvania/ 
Kentucky/ and Missouri. The resulting body of data/ 
although obviously incomplete with respect to all the 
refractory clay districts in the United States (fig.
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1)* gives an overview of the occurrence of lithium in 

Figure 1 near here

flint clay* bauxite* related high-alumina materials* 
and associated sedimentary rocks that is useful in 
assessing the potential of such rocks as a lithium 
r esour c e.

The analyses are presented here to provide the 
basis for discussion of the occurrence of lithium in 
these rocks in a paper of the same title to be 
presented at "LI-77*" a Symposium on Lithium Needs and 
Resources. This symposium* the second devoted to 
lithium (Vine* 1976)* is to be held at the Corning 
Glass Center* Corning* NY* in October 1977 under the 
joint sponsorship of the Corning Glass Works and the 
U.S. Geological Survey.

Data

The lithium analyses* rock ' descriptions* and 
localities for all samples are presented in tables 1 
thgough A. Table 1 lists samples of flint clay* 
bauxite* and

Table 1 near here

related high-alumina materials supplied by colleagues 
and companies. Most of the samples represent deposits 
currently being worked/ others come from deposits 
previously worked but now abandoned* and some come from 
outcrops. Location data on the samples in table 1 are 
those that accompanied the samples and are very 
generalized. Tables 2* 3* and A report data on samples 
collected by H. A. Tourtelot in Pennsylvania* Kentucky* 
and Missouri* respectively.

Tables 2* 3* and 4 and figures 2* 3* and A near here

Rock descriptions of all samples in tables 2* 3* 
and A are based on field examinations supplemented by 
hand-lens observations in the laboratory on dry* clean* 
broken* or sawed surfaces. Locations of samples are 
given in terms of the Universal Transverse Mercator

-2-
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clay, "bauxite and related materials were supplied "by conpanies 
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grid system that is shown on almost all standard 
topographic maps published by the U.S. Geological 
Survey. Although perhaps less familiar than section/ 
township/ and range locations/ or latitude and 
longitude/ the system is easy to use and it is 
applicable to regions where land surveys do not exist/ 
thus permitting uniformity in location data.

Field sampling was designed to obtain lithium data 
on what appeared to be genetically related rock units/ 
such as flint clay grading into a more plastic clay/ or 
on closely associated rock units that indicated a 
change in original depositional conditions/ such as a 
black shale within or at the top of a fllint clay unit. 
Forty samples of these kinds of related units were 
selected at the end of field work for half of the 
spectrographic analyses shown in table 5. Later/ when 
lithium analyses

Table 5 near here

of the Pennsylvania samples were received/ an 
additional 40 samples were selected to investigate 
minor- and trace-element associations in the samples 
from Pennsylvania that had lithium contents as large as 
2/100 ppm and samples closely related to them. The 
field numbers and location names in table 5 permit 
comparison of the data on the samples with other 
samples in tables 2/ 3/ and 4 that were not selected 
ror spectrographic analysis

Distribution of lithium

The body of data presented here permits the 
following inferences and conclusions. These 
conclusions vary in significance and should be regarded 
as more or less tentative according to the degree to 
which the samples represent rock types or districts.

1. The clays in the widespread and important 
districts of refractory clay deposits of Cretaceous and 
younger ages along the Atlantic and Gulf Coastal Plains 
contain generally less than 100 ppm lithium.

2. The bauxite deposits and related rocks of 
Arkansas range considerably in lithium content/ but 
only about half the samples contain more than 100 ppm 
and the maximum value found was 460 ppm.

3. Bauxite from Guyana/ Jamaica/ and Surinam 
(table 1/ Map Number 7/ foreign localities/ table 4/
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North American Refractories stock pile) is an 
important supply for U.S. industry/ but contains very 
little lithium.

4. Flint clays of Cretaceous age in Colorado 
contain from 175 to 370 ppm lithium.

5. Flint clays and related rocks of Pennsy I vanian 
age in Alabama/ Ohio/ Pennsylvania/ Kentucky/ and 
Missouri very commonly contain several hundred parts 
per million lithium/ with maximum values as large as 
A/000 to 5/100 ppm in the Missouri samples.

6. Samples from Pennsylvania and [Maryland suggest 
large regional variation in lithium content of similar 
seeming materials as well as large local variation. 
For example/ samples from southern Pennsylvania and 
adjacent Maryland have maximum lithium contents of 
nearly 500 ppm/ and some of the larger values are in 
shale and clay unsuitable for refractory use. In 
contrast/ values larger than 1/OOC ppm are relatively 
common in the belt of flint clay deposits extending 
east from Clarion County through Jefferson and 
Clearfield Counties to Clinton County/ PA. The one 
deposit sampled in Clinton County produced three 
samples containing more than 2/000 ppm lithium/ whereas 
only one sample from the five deposits sampled in 
Clearfield County contained as much as 2/000 ppm. 
Local variation within Clearfield County also seems 
large. About half of the samples from the Deemer pit 
in the Elliott Park quadrangle contain from about 1/000 
ppm lithium to more than 2/000. However/ samples from 
the Wise pit/ only A km to the southwest in the same 
quadrangle and presumably in the same clay bed/ contain 
only 230 to 870 ppm lithium.

7. Shale and clay in the anthracite district of 
Pennsylvania/ presumably representing rocks of the same 
age as those in central Pennsylvania but deposited much 
closer to the source area/ contain generally less than 
100 ppm lithium. Thus a / lithium mineral eroded from 
the source area/ introduced into the Pennsy I vanian 
sedimentationaI system/ and accumulated in the flint 
clays and associated rocks does not seem a reasonable 
explanation for the lithium content of flint clays.

8. The maximum lithium content of flint clays and 
associated rocks in Kentucky is 890 ppm arfd only 16 of 
the 88 samples from Kentucky contain more than 300 ppm. 
These results may reflect lack of access to a wide 
variety of deposits/ since relatively little mining is 
goin<j on there now.

9. The flint clay deposits of Missouri contain 
the largest amounts of lithium so far known in such 
materials. Samples from drill hole 5/ representing the
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upper 10 m (33 ft) of clay in the Matthews Pit 3 of 
North American Refractories in Missouri (exact location 
O f the pit not known)* average 3/700 ppm lithium; the 
richest sample contains 5/100 ppm lithium and the least 
rich/ 2/300 ppm. Five samples representing 7.6 m (25 
ft) at the bottom of the sampled section in another 
drill hole at the same pit contain from 1/100 to 4/100 
ppm lithium. Samples containing more than 1/000 ppm 
Lithium are common among the Missouri samples/ although 
there may be only one such sample from a deposit. Half 
of the 12 samples from the abandoned Ochesky pit/ Osage 
County/ MO/ contain more than 2/000 ppm lithium/ with a 
maximum value of 3/100 ppm; and/ of the other half of 
the samples/ all but one contains more than 1/000 ppm. 
As seen in Pennsylvania/ there is a pattern of large 
local variation of lithium content from pit to pit.

Mineralogy and geochemistry

X-ray diffraction analyses of six of the richest 
samples from Missouri and Pennsylvania suggest that the 
lithium-bearing mineral in these samples is a 
dioctahedral chlorite very similar to cookeite. 
Cookeite is a lithium-bearing chlorite (1.5 percent Li) 
known previously only from hydrothermaI/ late-stage 
magmatic/ and me t a rr.or p h i c settings/ although Flehmig 
and Menschel (1972) reported cookeite as a minor 
diagenetic alteration product of biotite in sandstone. 
None of these parageneses is appropriate for the 
depositional and diagenetic history of flint clay 
deposits. A cookeite-type chlorite/ however/ is 
probably responsible for the lithium content of all 
samples containing more than 1/000 pprn lithium/ which 
would correspond to about 5 percent of cookeite in 
those samples. X-ray analysis of whole-rock samples is 
equivocal in the identification of such a mineral 
present in amounts of less than 5 percent/ and lithium 
in samples containing less than about 1/000 ppm may 
occur in other ways or in other minerals than 
dioctahedral chlorite. Patterson and Hosterman (1962* 
p. F64) reported the occurrence of a chlorite/ 
suggested as probably an aluminous variety/ in Kentucky 
flint clays in amounts of about 5 ppercent. This 
finding suggests that a cookeite-type lithium-bearing 
chlorite does occur in Kentucky flint clays but that no 
samples containing much of it were collected in the 
present study.

The cookeite-type dioctahedral chlorite seems to 
amount to about half the sample in two samples in which 
it is associated with boehmite. In four other samples
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the chlorite is the predominant mineral in seemingly 
equal amounts* yet the lithium contents of the six 
samples range from about 2/000 to 5/100 ppm. Although 
the admixture of boehmite could explain the lower 
lithium contents of those samples because of dilution/ 
the range of lithium contents of the other samples in 
which the dioctahedral chlorite is the principal 
mineral suggests that the lithium content of the 
chlorite itself is variable. This would not be 
surprising considering the apparent low-temperature/ 
diagenetic origin of the chlorite. Another possibility 
is that the samples contain variable but large amounts 
of poorly organized alumina and silica that are 
amorphous to X-rays. This condition would not be 
revealed by ordinary chemical analysis or routine 
firing tests.

Preliminary study of the spectrographic analyses 
in table 5 does not suggest any systematic trends of 
relations between the elements. Several samples seem 
to have unusual compositions/ however. Sample 32-9 
from the Oneill pit/ Jefferson County/ Pa/ for 
instance/ contains 700 ppm chromium. Several samples 
contain as much as 100 ppm copper but sample 58-2 from 
the EdeI-Tappmeyer pit/ Gasconade County/ Mo/ contains 
500 ppm copper. In addition/ this sample contains 
20/000 ppm (2 percent) strontium and 2 percent 
phosphorous. Tin occurs in many of the samples from 
Pennsylvania but in only one of the samples from 
Kentucky and in none of the samples from Missouri. The 
effect of such metal contents on firing characteristics 
and on other attributes important for industrial use of 
the clay could be large. Perhaps some of the 
unexpected ana unexplained failures of clays to pass 
utilization tests are the result of minor amounts of 
metals not ordinarily analyzed for.

C onelusi ons

Flint clays and related aluminous rocks of 
Pennsy I vanian age in central Pennsylvania and in 
Kentucky and Missouri constitute an unevaluated 
potential resource for lithium. The greatest potential 
may be in the deposits in Missouri. The apparent 
occurrence of the lithium in a cookeite-type 
dioctahedral chlorite suggests that relatively pure 
deposits of such chlorite may exist with tonnages and 
grades suitable for eventual utilization as a lithium 
resource/ considering that an extractive industry 
already is dealing with such materials. The clay in 
many of the deposits that various companies have
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evaluated and abandoned because the clay was unsuitable 
for normal refractory use might prove to have been 
unsatisfactory because of potentially utilizable 
amounts of lithium. In addition/ deposits already 
being worked might contain significant tonnages of 
lithium-rich clay that are being discaroed to waste 
simply because the large lithium content/ and perhaps 
the content of other trace elements/ makes the clay 
unsuitable for normal refractory use.

Natural lithium-bearing clay such as flint clays 
and associated kinds might be more suitable for some 
ceramic uses than artificial mixtures/ or knowledge of 
the existence of such clays might lead to the 
development of new uses and hence utilization of clay 
now discarded. The added value of recovering a 
lithium-rich clay product might make beneficiation 
processes economically possible for refractory clay 
materials. So far/ such beneficiation processes/ so 
widely used for kaolin products for the paper and other 
industries (Patterson and Murray/ 1975)/ have not 
proven practical in upgrading refractory clays. 
Further investigations by companies faced with 
incomplete utilization of materials that they are 
mining now or coulo be mining in the future and o y 
other scientists seem warrented.
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