
ber of persons, including Darwin, Hal- 
dane, Oparin, and Urey and demon- 
strated by Miller, Fox, and others (21). 
It is then possible reasonably to assume 
that the ability to synthesize such a com- 
pound biologically could arise through 
a series of separate single mutations, 
each adding successive enzymatically 
catalyzed steps in the synthetic sequence, 
starting with the one immediately re- 
sponsible for the end product. In this 
way each mutational step could confer 
a selective advantage by making the 
organism dependent on one less exogen- 
ous precursor of a needed end product. 
Without some such mechanism, by 
which no more than a single gene mu- 
tation is required for the origin of a 
new enzyme, it is difficult to see how 
complex synthetic pathways could have 
evolved. I know of no alternative hy- 
pothesis that is equally simple and 
plausible. 
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sometimes hostile toward it. "Genetics 
deals only with superficial characters," 
it was often said. Biochemists likewise 
paid it little heed in its early days. They 
-especially medical biochemists-knew 
of Garrod's "inborn errors of metabo- 
lism" and no doubt were aware of their 
significance in the biochemical sense and 
as diseases, but the biological world was 
inadequately prepared to appreciate 
fully the significance of Garrod's inves- 
tigations and his thinking. Geneticists, it 
should be said, tended to be preoccu- 
pied mainly with the mechanisms by 
which genetic material is transmitted 
from one generation to the next. 

Today, happily, the situation is much 
changed. Genetics has an established 
place in modern biology. Biochemists 
recognize the genetic material as an in- 
tegral part of the systems with which 
they work. Our rapidly growing knowl- 
edge of the architecture of proteins and 
nucleic acids is making it possible-for 
the first time in the history of science- 
for geneticists, biochemists, and bio- 
physicists to discuss basic problems of 
biology in the common language of 
molecular structure. To me, this is most 
encouraging and significant. 
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The Interpretive Cortex 

The stream of consciousness in the human 
brain can be electrically reactivated. 

Wilder Penfield 

CURRENT PROBLEMS IN RESEARCH 

The Interpretive Cortex 

The stream of consciousness in the human 
brain can be electrically reactivated. 

Wilder Penfield 

There is an area of the surface of the 
human brain where local electrical stim- 
ulation can call back a sequence of past 
experience. An epileptic irritation in this 
area may do the same. It is as though a 
wire recorder, or a strip of cinemato- 
graphic film with sound track, had been 
set in motion within the brain. The 
sights and sounds, and the thoughts, of 
a former day pass through the man's 
mind again. 

The purpose of this article is to de- 
scribe, for readers from various disci- 
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plines of science, the area of the cere- 
bral cortex from which this neuron 
record of the past can be activated and 
to suggest what normal contribution it 
may make to cerebral function. 

The human brain is the master organ 
of the human race. It differs from the 
brains of other mammals particularly in 
the greater extent of its cerebral cortex. 
The gray matter, or cortex, that covers 
the two cerebral hemispheres of the 
brain of man is so vast in nerve cell 
population that it could never have been 
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contained within the human skull if it 
were not folded upon itself, and re- 
folded, so as to form a very large num- 
ber of fissures and convolutions (Fig. 1). 
The fissures are so deep and so devious 
that by far the greater portion of this 
ganglionic carpet (about 65 percent) is 
hidden in them, below the surface 
(Fig. 2). 

The portion that is labeled "interpre- 
tive" in Figs. 1 and 3 covers a part of 
both temporal lobes. It is from these 
two homologous areas, and from no- 
where else, that electrical stimulation 
has occasionally produced physical re- 
sponses which may be divided into (i) 
experiential responses and (ii) inter- 
pretive responses. 

Experiential Responses 

Occasionally during the course of a 
neurosurgical operation under local an- 
esthesia, gentle electrical stimulation in 
this temporal area, right or left, has 
caused the conscious patient to be aware 
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of some previous experience (I). The 
experience seems to be picked out at 
random from his own past. But it comes 
back to him in great detail. He is sud- 
denly aware again of those things to 
which he paid attention in that distant 
interval of time. This recollection of an 
experiential sequence stops suddenly 
when the electrical current is switched 
off or when the electrode is removed 
from contact with the cortex. This phe- 
nomenon we have chosen to call an ex- 
periential response to stimulation. 

Case examples (2). The patient S.Be. 
observed, when the electrode touched 
the temporal lobe (right superior tem- 
poral convolution), "There was a piano 
over there and someone playing. I could 
hear the song you know." When the 
cortex was stimulated again without 
warning, at approximately the same 
point, the patient had a different experi- 
ence. He said: "Someone speaking to 
another, and he mentioned a name but 
I could not understand it . . . It was 
like a dream." Again the point was re- 
stimulated without his knowledge. He 
said quietly: "Yes, 'Oh Marie, Oh 
Marie'! Someone is singing it." When 
the point was stimulated a fourth time 
he heard the same song again and said 
it was the "theme song of a radio pro- 
gram." 

The electrode was then applied to a 
point 4 centimeters farther forward on 
the first temporal convolution. While 
the electrode was still in place, S.Be. 
said: "Something brings back a mem- 

ory. I can see Seven-Up Bottling Com- 
pany-Harrison Bakery." He was evi- 
dently seeing two of Montreal's large 
illuminated advertisements. 

The surgeon then warned him that he 
was about to apply the electrode again. 
Then, after a pause, the surgeon said 
"Now," but he did not stimulate. (The 
patient has no means of knowing when 
the electrode is applied, unless he is told, 
since the cortex itself is without sensa- 

tion.) The patient replied promptly, 
"Nothing." 

A woman (D.F.) (3) heard an or- 
chestra playing an air while the elec- 
trode was held in place. The music 
stopped when the electrode was re- 
moved. It came again when the elec- 
trode was reapplied. On request, she 
hummed the tune, while the electrode 
was held in place, accompanying the 
orchestra. It was a popular song. Over 
and over again, restimulation at the 
same spot produced the same song. The 
music seemed always to begin at the 
same place and to progress at the nor- 
mally expected tempo. All efforts to 
mislead her failed. She believed that a 
gramaphone was being turned on in the 
operating room on each occasion, and 
she asserted her belief stoutly in a con- 
versation some days after the operation. 

A boy (R.W.) heard his mother talk- 
ing to someone on the telephone when 
an electrode was applied to his right 
temporal cortex. When the stimulus was 
repeated without warning, he heard his 
mother again in the same contersation. 

Fig. 1. Photograph of the left hemisphere of a human brain. The frontal lobe is on the 
left, the occipital lobe on the right. The major motor and sensory areas are indicated, as 
well as the speech areas and the interpretive area. [Penfield and Roberts (18)] 
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When the stimulus was repeated after a 
lapse of time, he said, "My mother is 
telling my brother he has got his coat 
on backwards. I can just hear them." 

The surgeon then asked the boy 
whether he remembered this happen- 
ing. "Oh yes," he said, "just before I 
came here." Asked again whether this 
seemed like a dream, he replied: "No, 
it is like I go into a daze." 

J.T. cried out in astonishment when 
the electrode was applied to the tem- 
poral cortex; "Yes doctor, yes doctor. 
Now I hear people laughing--my friends 
in South Africa!" 

When asked about this, he explained 
the reason for his surprise. He seemed 
to be laughing with his cousins, Bessie 
and Ann Wheliow, whom he had left 
behind him on a farm in South Africa, 
although he knew he was now on the 
operating table in Montreal. 

Interpretive Responses 

On the other hand, similar stimula- 
tion in this same general area may pro- 
duce quite a different response. The pa- 
tient discovers, on stimulation, that he 
has somehow changed his own interpre- 
tation of what he is seeing at the mo- 
ment, or hearing or thinking. For ex- 
ample, he may exclaim that his present 
experience seems familiar, as though he 
had seen it or heard it or thought it be- 
fore. He realizes that this must be a 
false interpretation. Or, on the contrary, 
these things may seem suddenly strange, 
absurd. Sights or sounds may seem dis- 
tant and small, or they may come un- 
expectedly close and seem loud or large. 
He may feel suddenly afraid, as though 
his environment were threatening him, 
and he is possessed by a nameless dread 
or panic. Another patient may say he 
feels lonely or aloof, or as though he 
were observing himself at a distance. 

Under normal circumstances anyone 
may make such interpretations of the 
present, and these interpretations serve 
him as guides to action or reaction. If 
the interpretations are accurate guides, 
they must be based upon previous com- 
parable experience. It is conceivable, 
therefore, that the recall mechanism 
which is activated by the electrode dur- 

ing an experiential response and the 
mechanism activated in an interpretive 
response may be parts of a common in- 
clusive mechanism of reflex recognition 
or interpretation. 

No special function had been previ- 
ously assigned by neurologists to the area 
in each temporal lobe that is marked 
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"interpretive" in Figs. 1 and 3, though 
some clinicians have suggested it might 
have to do with the recall of music. The 
term interpretive cortex, therefore, is no 
more than slang to be employed for the 
purposes of discussion. The terms motor 
cortex, sensory cortex, and speech cortex 
began as slang phrases and have served 
such a purpose. But such phrases must 
not be understood to signify independ- 
ence of action of separated units in the 
case of any of these areas. Localization 
of function in the cerebral cortex means 
no more than specialization of function 
as compared with other cortical regions, 
not separation from the integrated ac- 
tion of the brain. 

Before considering the interpretive 
cortex further, we may turn briefly to 
the motor and sensory areas and the 
speech areas of the cortex. After con- 
sidering the effects of electrical stimu- 
lation there, we should be better able to 
understand the results of stimulation in 
the temporal lobes. 

Specialization of Function in the Cortex 

Evidence for some degree of localiza- 
tion within the brain was recognized 
early in the 19th century by Flourens. 
He concluded from experiment that 
functional subdivision of "the organ of 
the mind" was possible. The forebrain 

(4), he said [cerebral hemispheres and 
higher brain stem (Fig. 4)] had to do 
with thought and will power, while the 
cerebellum was involved in the coordi- 
nation of movement. 

In 1861, Paul Broca showed that a 
man with a relatively small area of de- 
struction in a certain part of the left 
hemisphere alone might lose only the 
power of speech. It was soon realized 
that this was the speech area of man's 
dominant (left) hemisphere. In 1870, 
Fritsch and Hitzig applied an electric 
current to the exposed cortex of one 
hemisphere of a lightly anesthetized dog 
and caused the legs of the opposite side 
to move. Thus, an area of cortex called 
motor was discovered. 

After that, localization of function be- 
came a research target for many clini- 
cians and experimentalists. It was soon 
evident that in the case of man, the pre- 
central gyrus (Fig. 5) in each hemi- 
sphere was related to voluntary control 
of the contralateral limbs and that there 
was an analogous area of motor cortex 
in the frontal lobes of animals. It ap- 
peared also that other separate areas of 

i cortex (Figs. 1 and 5) in each hemi- 
sphere were dedicated to sensation (one 
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Fig. 2. (Right) Photograph of a cross sec- 
tion of the left cerebral hemisphere [Jel- 
gersma (19)]. The white matter is stained 
black and the gray matter is unstained. 
The major convolutions of the cerebral 
cortex and the subcortical masses of gray 
matter can be identified by reference to 
the diagram below. (Bottom) Drawing of 
the cross section shown at right, above, 
with additions. The surfaces and convolu- 
tions of the temporal lobe are identified, 
and the relationship of one hemisphere to 
the other and the relationship of the hem- 
ispheres to the brain stem and cerebellum 
are shown. 

for visual sensation, others for auditory, 
olfactory, and discriminative somatic 
sensation, respectively). 

It was demonstrated, too, that from 
the "motor cortex" there was an efferent 
bundle of nerve fibers (the pyramidal 
tract) that ran down through the lower 
brain stem and the spinal cord to be re- 
layed on out to the muscles. Through 
this efferent pathway, voluntary control 
of these muscles was actually carried out. 
It was evident, too, that there were sepa- 
rate sensory tracts carrying nerve im- 
pulses in the other direction, from the 
principal organs of special sense (eye, 
ear, nose, and skin and muscle) into 
separate sensory areas of the cortex. 

These areas, motor and sensory, have 
been called "projection areas." They 
play a role in the projection of nerve 
currents to the cortex from the periph- 

ery of the body, and from the cortex to 
the periphery. This makes possible (sen- 
sory) awareness of environment and pro- 
vides the individual with a means of 
outward (motor) expression. The motor 
cortex has a specialized use during vol- 
untary action, and each of the several 
sensory areas has a specialized use, when 
the individual is seeing, hearing, smell- 
ing, or feeling. 

Traveling Potentials 

The action of the living brain depends 
upon the movement, within it, of "tran- 
sient electrical potentials traveling the 
fibers of the nervous system." This was 
Sherrington's phrase. Within the vast 
circuits of this master organ, potentials 
travel, here and there and yonder, like 
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meteors that streak across the sky at night 
and line the firmament with trails of 
light. When the meteors pass, the paths 
of luminescence still glow a little while, 
then fade and are gone. The changing 
patterns of these paths of passing energy 
make possible the changing content of 
the mind. The patterns are never quite 
the same, and so it is with the content 
of the mind. 

Specialized areas in the cortex are at 
times active and again relatively quiet. 
But, when a man is awake, there is al- 
ways some central integration and co- 
ordination of the traveling potentials. 
There must be activity within the brain 
stem and some areas of the cortex. This 
is centrencephalic integration (5). 

Sensory, Motor, and Psychical 
Responses to Cortical Stimulation 

My purpose in writing this article is 
to discuss in simple words (free of tech- 
nical terms) the meaning of the "psy- 
chical" responses which appear only on 
stimulation of the so-called interpretive 
cortex. But before considering these re- 
sponses let us consider the motor and 
sensory activity of the cortex for a 
moment. 

When the streams of electrical poten- 
tials that pass normally through the vari- 
ous areas of sensory cortex are examined 
electrically, they do not seem to differ 
from each other except in pattern and 
timing. The essential difference is to be 

Fig. 3. The left cerebral hemisphere; the lateral surface is shown above and the mesial 
surface below. In the lower drawing the brain stem with the island of Reil has been re- 
moved to show the inner banks of the fissure of Sylvius and the superior surface of the 
temporal lobe. The interpretive cortex extends from the lateral to the superior surface 
of the temporal lobe. [Penfield and Roberts (18)] 
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found in the fact that the visual stream 
passes to the visual cortex and then to 
one subcortical target and the auditory 
stream passes through the auditory cor- 
tex and then on to another subcortical 
target. 

When the surgeon stimulates the in- 
tact sensory cortex he must be sending a 
current along the next "piece of road" to 
a subcortical destination. This electrode 
(delivering, for example, 60 "waves" per 
second of 2-millisecond duration and 
1-volt intensity) produces no more than 
elementary sight when applied to visual 
cortex. The patient reports colors, lights, 
and shadows that move and take on 
crude outlines. The same electrode, ap- 
plied to auditory cortex, causes him to 
hear a ringing or hissing or thumping 
sound. When applied to postcentral gy- 
rus it produces tingling or a false sense 
of movement. 

Thus, sensation is produced by the 
passage inward of electrical potentials. 
And when the electrode is applied to 
the motor cortex, movement is produced 
by passage of potentials outward to the 
muscles. In each case positive response 
is produced by conduction in the direc- 
tion of normal physiological flow-that 
is, by dromic conduction (6). 

Responses to electrical stimulation 
that may be called "psychical," as dis- 
tinguished from sensory or motor, have 
been elicited from certain areas of the 
human cortex (Fig. 6). But they have 
never been produced by stimulation in 
other areas. There are, of course, other 
large areas of cortex which are neither 
sensory nor motor in function. They 
seem to be employed in other neuron 
mechanisms that are also associated with 
psychical processes. But the function of 
these other areas cannot, it seems, be 
activated by so simple a stimulus as an 
electric current applied to the cortex. 

Dreamy States of Epilepsy 

"Epilebsy" may be defined, in Jack- 
son's words, as "the name for occasional, 
sudden, excessive, rapid and local dis- 
charges of grey matter." Our aim in the 
operations under discussion was to re- 
move the gray matter responsible for 
epileptic attacks if that gray matter could 
be spared. When the stimulating elec- 
trode reproduced the psychical phe- 
nomenon that initiated the fit, it pro- 
vided the guidance sought (7). 

During the 19th century clinicians had 
recognized these phenomena as epilep- 
tic. They applied the term intellectual 
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Fig. 4. Drawing of the left cerebral hemisphere, showing the higher brain stem, including 
the thalamus, within and the lower brain stem and spinal cord emerging below. The cere- 
bellum is shown, attached to the lower brain stem. [Penfield and Roberts (18)] 

aura to such attacks. Jackson substituted 
the expression dreamy states (see 8). 
These were, he said, "psychical states 
during the onset of certain epileptic seiz- 
ures, states which are much more elabo- 
rate than crude sensations." And again, 
he wrote, "These are all voluminous 
mental states and yet of different kinds; 
no doubt they ought to be classified, but 
for my present purpose they may be con- 
sidered together." 

"The state," he said, "is often like that 
occasionally experienced by healthy peo- 
ple as a feeling of 'reminiscence.' " Or the 
patient has "dreamy feelings," "dreams 
mixing up with present thoughts," 
"double consciousness," a "feeling of be- 
ing somewhere else," a feeling "as if I 
went back to all that occurred in my 
childhood," "silly thoughts." 

Jackson never did classify these states, 
but he did something more important. 

Fig. 5. Sensory and motor projection areas. The sensory areas are stippled, and the affer- 
ent pathways to them from eyes, ears, and body are indicated by entering arrows. The 
motor cortex is indicated by parallel lines, and the efferent corticospinal tract is indicated 
by emerging arrows. [Penfield and Roberts (18)] 
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He localized the area of cortex from 
which epileptic discharge would produce 
dreamy states. His localization was in 
the anterior and deep portions of the 
temporal lobes, the same area that is 
labeled "interpretative" cortex in 
Fig. 3. 

Case example. Brief reference may be 
made to a specific case. The patient had 
seizures, and stimulation produced re- 
sponses which were first recognized as 
psychical. 

In 1936, a girl of 16 (J.V.) was ad- 
mitted to the Montreal Neurological In- 
stitute complaining of epileptic attacks, 
each of which was ushered in by the 
same hallucination. It was a little 
dream, she said, in which an experience 
from early childhood was reenacted, al- 
ways the same train of events. She would 
then cry out with fear and run to her 
mother. Occasionally this was followed 
immediately by a major convulsive 
seizure. 

At operation, under local anesthesia, 
we tried to set off the dream by a gentle 
electrical stimulus in the right temporal 
lobe. The attempt was successful. The 
dream was produced by the electrode. 
Stimulation at other points on the tem- 
poral cortex produced sudden fear with- 
out the dream. At still other points, 
stimulation caused her to say that she 
saw "someone coming toward me." At 
another point, stimulation caused her to 
say she heard the voices of her mother 
and her brothers (9). 

This suggested a new order of cortical 
response to electrical stimulation. When 
the neighboring visual sensory area of 
the cortex is stimulated, any patient may 
report seeing stars of light or moving 
colors or black outlines but never "some- 
one coming toward me." Stimulation of 
the auditory sensory cortex may cause 
any patient to report that he hears ring- 
ing, buzzing, blowing, or thumping 
sounds, perhaps, but never voices that 
speak. Stimulation in the areas of sen- 
sory cortex can call forth nothing more 
than the elements of visual or auditory 
or tactile sensation, never happenings 
that might have been previously experi- 
enced. 

During the 23 years that have fol- 
lowed, although practically all areas of 
the cerebral cortex have been stimulated 
and studied in more than 1000 crani- 
otomies, performed under local anes- 
thesia, psychical responses of the experi- 
ential or interpretive variety have been 
produced only from the temporal cortex 
in the general areas that are marked 
"psychical responses" in Fig. 3 (10, 11). 
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tribute to external gamma radiation and 
its possible genetic effects. It is clear that 
estimates of future contamination from 
high-yield detonations at north temper- 
ate latitudes must be revised upward 
from estimates based on 5- to 10-year 
periods of stratospheric storage (32). 

References and Notes 

1. The Sunshine Project was supported by the 
Division of Biology and Medicine of the U.S. 
Atomic Energy Commission, under contract 
AT (11-1)-281. It was initiated by W. F. 
Libby, carried out under his direction from 
July 1953 to October 1954, and continued 
under the direction of E. A. Martell from 
October 1954 to its termination in August 
1956. 

2. W. F. Libby, Proc. Natl. Acad. Sci. U.S. 42, 
365 (1956). 

3. --- , ibid. 42, 945 (1956). 
4. --- , ibid. 43, 758 (1957). 
5. -- , "Radioactive fallout," a paper pre- 

sented before the Swiss Academy of Medical 
Sciences Symposium on Radioactive Fallout, 
Lausanne, 27 March 1958. 

6. E. A. Martell, U.S. Atomic Energy Comm. 
Rept. No. AECU-3262 (May 1956). 

7. ,--- U.S. Atomic Energy Comm. Rept. 
No. AECD-3763 (Jan. 1957). 

8. - , U.S. Atomic Energy Comm. Rept. 
No. AECU-3297 (Jan. 1957). 

9. Science 124, 105 (1956); "The Biological 
Effects of Atomic Radiation, Summary Re- 
ports," Natl. Acad. Sci.-Natl. Research Coun- 
cil Publ. (1956). 

10. "The nature of radioactive fallout and its 

effects on man," Hearings before the Special 
Subcommittee on Radiation of the Joint Com- 
mittee on Atomic Energy, May 27-29, June 
3-7, 1957, pts. 1 and 2 (U.S. Government 
Printing Office, Washington, D.C., 1957). 

11. N. G. Stewart, R. G. D. Osmond, R. N. 
Crooks, E. M. Fisher, "The world-wide depo- 
sition of long-lived fission products from nu- 
clear test explosions," Atomic Energy Research 
Establ. (G. Brit.) Publ. No. AERE HP/R 
2354 (Oct. 1957). 

12. D. R. Wiles and R. H. Tomlinson, Can. J. 
Phys. 33, 133 (1955). 

13. L. E. Glendenin and E. P. Steinberg, United 
Nations Conf. on Peaceful Uses of Atomic 
Energy, Ist Conf., Paper No. 8/P/614 (1955). 

14. G. W. Reed, Phys. Rev. 98, 1327 (1955). 
Reed's result for Sr90 corresponds to a 5.6- 
percent yield for a 28-year half-life. (See also 
footnote 15 of Reed's paper.) 

15. C. E. Adams, N. H. Farlow, W. R. SchelI, 
"The compositions, structures, and origins of 
radioactive fallout particles," U.S. Naval Ra- 
diological Defense Lab. Publ. No. USNRDL- 
TR-209 (Feb. 1958). 

16. N. G. Stewart, R. N. Crooks, E. M. Fisher, 
Atomic Energy Research Establ. (G. Brit.) 
Publ. No. AERE HP/R 1701 (June 1955). 

17. L. Machta, "Discussion of meteorological fac- 
tors and fallout distribution," paper presented 
before the annual meeting of the American 
Association for the Advancement of Science 
(Dec. 1957). 

18. A. W. Brewer, Quart. J. Roy. Meteorol. Soc. 
75, 351 (1949). 

19. G. M. B. Dobson, Proc. Roy. Soc. (London) 
236A, 187 (1956). 

20. I. H. Blifford, Jr., H. Friedman, L. B. Lock- 
hart, Jr., R. A. Baus, J. Atmospheric and 
Terrest. Phys. 9, 1 (1956). 

21. I. H. Blifford, Jr., and H. B. Rosenstock, 
Science 123, 619 (1956). 

22. "Environmental contamination from weapons 
tests," U.S. Atomic Energy Comm. Health 
and Safety Lab. Publ. No. HASL-42 (Oct. 
1958). 

23. Personal communication from L. T. Alex- 
ander, Soil Survey Laboratory, U.S. Depart- 
ment of Agriculture, Beltsville, Md. 

24. F. J. Bryant, A. C. Chamberlain, A. Morgan, 
G. S. Spicer, J. Nuclear Energy 6, 22 (1957). 

25. W. R. Collins and N. A. Hallden, U.S. Atomic 
Energy Comm. Health and Safety Lab. Rept. 
No. NYO-4889 (Apr. 1957). 

26. P. J. Drevinsky, C. E. Junge, I. H. Blifford, 
Jr., M. I. Kalkstein, E. A. Martell, Air Force 
Cambridge Research Center publ., in press. 

27. F. Begemann, "Tritium Assays of Natural 
Waters Measured in 1956-1957," report on 
Air Force contract No. AF 18 (600)-564 (31 
Dec. 1957); Air Force Office of Strategic Re- 
search Publ. No. TR58-41; Armed Services 
Tech. Inform. Agency Publ. No. 154131. 

28. R. G. Osmond, A. G. Pratchett, J. B. War- 
ricker, Atomic Energy Research Establ. (G. 
Brit.) Publ. No. AERE C/R 2165 (1957). 

29. Effects of Atomic Weapons (U.S. Government 
Printing Office, Washington, D.C., 1957). 

30. F. W. P. Goitz and F. Volz, Z. Naturforsch. 
6a, 634 (1951). 

31. H. Wexler, Bull. Am. Meteorol. Soc. 32, 48 
(1951). 

32. I am indebted to Dr. W. F. Libby, Dr. L. T. 
Alexander, Dr. R. A. Craig, Dr. C. E. Junge, 
and Mr. I. H. Blifford, Jr., for numerous help- 
ful discussions and suggestions. I wish to thank 
Dr. Henri Bader of the Snow, Ice and Perma- 
frost Research Establishment (Wilmette, Illi- 
nois), Mr. Paul Humphrey of the U.S. 
Weather Bureau, and members of the U.S. 
International Geophysical Year organization 
for their generous assistance in obtaining the 
snow samples from Antarctica and Greenland. 

Outcrop Description 

Thick saprolite is present in glaciated 
terrane of northern New Jersey under 
field conditions suggesting formation 
within a comparatively short time in- 
terval. The saprolite has developed on 
a low spur lying along the east side of 
a glaciated valley, normal to the direc- 
tion of former ice movement. It is quite 
probable that the saprolite has weath- 
ered from consolidated rock since the 
latest (Wisconsin) glacial period. 

A gneissic saprolite, the maximum age 
of which is possibly determinable, is 
present in northern New Jersey, 5 miles 

north of the southern static limit of Wis- 
consin glaciation. The saprolite is ex- 
posed in a pit along the east side of route 
206, east of Cranberry Lake, Sussex 
County. The saprolite is along the west 
side and near the base of a north-trend- 
ing bedrock ridge; it forms a benchlike 
spur, the upper surface of which is 50 
to 60 feet above the swampy terrain west 
of the highway. 

The rock from which the saprolite 
formed is shown on the geologic map as 
Pochuck gneiss of Precambrian age (Fig. 
1 ). The rock is an amphibolite gneiss 
containing much hornblende, consider- 
able oligoclase and diopside, and some 
quartz, magnetite, and microperthite. 

A thickness of nearly 15 feet of sapro- 
lite is exposed in a pit approximately 
200 feet wide and 300 feet long. The 
saprolite is easily excavated and crum- 
bles readily, under hand pressure, into a 
sticky, clayey, gritty mass. At least 12 
feet of saprolite underlies the pit bot- 
tom, giving a minimal thickness of 25 
feet. Because of the gentle slope and ab- 
sence of bedrock downhill from the pit, 
the total thickness of saprolite may be 
as much as 40 feet. Overlying the sapro- 
lite in the pit is several feet of well- 
weathered glacial till. Except for a shal- 
low A horizon of the soil profile, the till 
and the upper few inches of the sapro- 
lite apparently comprise the 2- to 3-foot- 
thick B horizon of the soil profile, and 
the rest of the saprolite forms the deep 
C horizon. By comparison, saprolite 
formed from unglaciated gneiss 3 miles 
south of Chester (see Fig. 2) is nearly 
60 feet thick and has a substantial A 
horizon and a thick (5 to 6 feet) B hori- 
zon. 

Remarkably continuous light and dark 
gneissic layering can be seen in the ex- 
posure (see Figs. 3-5). These layers are 
one-eighth to 1 inch thick and are many 
feet long. The layering dips approxi- 
mately 15? south, except in the west 
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stant avoidance action. These are signals 
that, because of previous experience, we 
sometimes act upon with little consider- 
ation. 

Summary 

The interpretive cortex has in it a 
mechanism for instant reactivation of 
the detailed record of the past. It has 
a mechanism also for the production of 
interpretive signals. Such signals could 
only be significant if past records are 
scanned and relevant experiences are 
selected for comparison with present ex- 
perience. This is a subconscious process. 
But it may well be that this scanning 
of past experience and selection from it 
also renders the relevant past available 
for conscious consideration as well. Thus, 
the individual may refer to the record 
as he employs other circuits of the brain. 

Access to the record of the past seems 
to be as readily available from the tem- 
poral cortex of one side as from that of 
the other. Auditory illusions (or inter- 
pretations of the distance, loudness, or 
tempo of sounds) have been produced 
by stimulation of the temporal cortex of 
either side. The same is true of illusional 
emotions, such as fear and disgust. 

But, on the contrary, visual illusions 

(interpretations of the distance, dimen- 
sion, erectness, and tempo of things 
seen) are only produced by stimulation 
of the temporal cortex on the nondomi- 
nant (normally, right) side of the brain. 
Illusions of recognition, such as famili- 
arity or strangeness, were also elicited 
only from the nondominant side, except 
in one case. 

Conclusion 

"Consciousness," to quote William 
James (16), "is never quite the same 
in successive moments of time. It is a 
stream forever flowing, forever chang- 
ing." The stream of changing states of 
mind that James described so well does 
flow through each man's waking hours 
until the time when he falls asleep to 
wake no more. But the stream, unlike 
a river, leaves a record in the living 
brain. 

Transient electrical potentials move 
with it through the circuits of the nerv- 

ous system, leaving a path that can be 
followed again. The pattern of this 
pathway, from neuron to neuron along 
each nerve-cell body and fiber and junc- 
tion, is the recorded pattern of each 
man's past. That complicated record is 
held there in temporal sequence through 
the principle of durable facilitation of 
conduction and connection. 

A steady stream of electrical pulses 
applied through an electrode to some 
point in the interpretive cortex causes a 
stream of excitation to flow from the 
cortex to the place where past experi- 
ence is recorded. This stream of excita- 
tion acts as a key to the past. It can 
enter the pathway of recorded conscious- 
ness at any random point, from child- 
hood on through adult life. But having 
entered, the experience moves forward 
without interference from other experi- 
ences. And when the electrode is with- 
drawn there is a likelihood, which lasts 
for seconds or minutes, that the stream 
of excitation will enter the pathway 
again at the same moment of past time, 
even if the electrode is reapplied at 
neighboring points (17). 

Finally, an electric current applied to 
the surface of what may be called the 
interpretive cortex of a conscious man 
(i) may cause the stream of former con- 
sciousness to flow again or (ii) may give 
him an interpretation of the present that 
is unexpected and involuntary. There- 
fore, it is concluded that, under normal 
circumstances, this area of cortex must 
make some functional contribution to 
reflex comparison of the present with 
related past experience. It contributes 
to reflex interpretation or perception of 
the present. 

The combination and comparison of 
present experience with similar past ex- 
perience must call for remarkable scan- 
ning of the past and classification of 
similarities. What contribution this area 
of the temporal cortex may make to the 
whole process is not clear. The term in- 
terpretive cortex will serve for identifi- 
cation until students of human physi- 
ology can shed more light on these fas- 
cinating findings. 
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