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Astronomical Alignment of the
Big Horn Medicine Wheel

Cairns of an unexplained Amerindian rock pattern

appear to have been aligned to the summer solstice.

The stone Medicine Wheel in the
Big Horn Mountains of northern Wyo-
ming is a well-known archeological
structure whose origin and purpose
have long remained unexplained. It lies
on an exposed shoulder of Medicine
Mountain  (44°49.6'N, 107°55.3'W)
at an altitude of about 9640 feet (2940
meters), just above the timberline in
the Big Horn National Forest. The
“wheel” is a pattern on the surface of
the ground, made up of an imperfect
circle of stones, about 25 meters in
diameter, with a central cairn about 4
meters in diameter. From this inner
cairn or hub radiate 28 wunevenly
spaced spokes which connect to the
rim. Five smaller cairns, each an open
circle 1 to 1.5 meters in diameter and
several courses high, are placed at ir-
regular intervals along the periphery
of the wheel. A sixth cairn, of similar
construction, lies about 4 meters be-
yond the rim on an extended, south-
western spoke. Figure 1 is an early
photograph (about 1926) of the site;
Fig. 2 is a plan view made as part of
a recent archeological survey (/).

Background

The Medicine Wheel is generally
believed to be of considerable antiquity
and is commonly attributed to early
Plains Indians, which might include
Crow, Sioux, Arapahoe, Shoshone, or
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Cheyenne, all of whom lived nomadi-
cally in the region and for whom the
Big Horn Mountains had especial sig-
nificance. This association is based
principally on the circumstances of its
discovery, on its location—near a well-
worn travois trail—and its yield of a
few Amerindian artifacts. At the time
of its discovery by whites in the late
19th century and in subsequent arche-
ological investigation (2, 3), local
Indians were found to be aware of the
wheel but none interviewed knew its
precise location or its purpose. They
reported that it was there when they
came, or that it had been made “by
people who had no iron.”

Less is known about the date of
construction, although several factors
indicate that it has been there for pos-
sibly 200 yecars. These include deposi-
tions taken at the time of its discovery,
the weathered and partially sunken ap-
pearance of the stones in the pattern,
and a tree-ring analysis (earliest date,
A.D. 1760) of a piece of wood found
in one of the cairns in 1958 by Grey
(4). In the 1958 study the interiors of
all the cairns and the sectors between
about one-third of the spokes were ex-
cavated. A few potsherds, beads, and
points were found which were gener-
ally consistent with the dendrochrono-
logical date, although these could
represent a later use of the wheel. Be-
neath the central cairn was found a
filled, conical hole in the bedrock about
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I meter deep, of the sort that could
have served to step a vertical pole in
the center of the cairn.

Perhaps the most interesting feature
of the Big Horn Medicine Wheel is its
unique nature, for the early inhabi-
tants of the northern Great Plains were
not known as builders or monument
makers. The most common stone arti-
facts of the region are tipi rings, but
these apparently utilitarian structures
are simpler and much smaller than the
spoked Medicine Wheel and are most
probably unrelated to it (5). Other
stone structures are rare. They include
surface cffigy monuments (6), linear
stone alignments [see, for example,
(7)], and a few other spoked wheels
(8), all found along the Rocky Moun-
tains from northern Alberta to south-
ern Wyoming. Of the spoked wheels
found thus far, the Big Horn Wheel is
clearly the largest and most elaborately
constructed, and it is the only one
with a rim ‘and outlying cairns.

The word “medicine” was used by
Indians to mean “magic” or “super-
natural,” and the Medicine Wheel is
associated in most accounts with re-
ligious use. Its general similarity to
the floor plan of a ceremonial Medi-
cine Lodge (9) led Grinnell in 1922
(3) to suggest that this may have been
its pattern or original use (see Fig. 3).
In this analogy, the central cairn
(labeled O in Fig. 2) represents the
center lodge pole and the 28 spokes
represent the 28 rafters. Cairn F,
which opens to the center on the west
side, portrays an altar which was by
tradition located there; cairn B, on the
east and opening east, represents the
entry which opened to the rising sun.
Other cairns could mark traditional
stations of worship; in particular, out-
lying cairn E marked the “lonely
lodge” of the Cheyenne Medicine
Lodge ceremony. This association was
restated in similar terms by Robert
Yellowtail, chairman of the Crow
Tribal Council (10). Yellowtail be-
lieved that the outlying cairns marked
the (cardinal) directions of the four
winds which were customary stations
of fasting or worship. Based on his

The author is an astronomer on the staff of
the High Altitude Observatory, National Center
for Atmospheric Research, Boulder, Colorado.
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Fig. 1. Photograph of the Medicine Wheel,
about 1926, by Jessamine Spear Johnson,
Sheridan, Wyoming, made when a stone
wall protected the site. [Source: Western
History Research Center, University of
Wyoming]

own knowledge of Indian ceremonial
customs, he felt that the Medicine
Wheel was most likely a two-dimen-
sional replica of the Medicine Lodge
(or Sun Dance Lodge) which had
been built at one time to allow the
observance of the Sun Dance cere-
mony at a place where timber was not
easily available. '

The association of the Medicine
Wheel with the floor plan of a cere-
monial lodge is not perfect. There are
too many cairns, and they do not lie
at or even very near the cardinal direc-
tions. The crucial cairns B and F are
distinctly not diametrically opposite as
are their counterparts in the Cheyenne
Lodge. The ceremonial use of the site
by large groups is also subject to doubt.
There is little evidence that the site
was ever occupied by any number of
people for any length of time (/), and
indeed it marks a most inhospitable
location—wind- and snowswept and
far from water and plentiful wood. The
site seems better suited as a place of
personal spiritual quest, in the custom
of the Plains Indian, or, by virtue of
its altitude and clear horizons, as a
primitive astronomical observatory.

Astronomical Use

Stone alignments such as the Medi-
cine Wheel could have been used as
horizon markers, to identify the direc-
tions of rise or set of selected celestial
bodies. A pole stepped vertically in the
central cairn could serve as a gnomon
or foresight, which, in conjunction
with a backsight point at a peripheral
cairn, would define the azimuth of
rising or setting of some important
object (//). We might first suspect
the sun, because of its religious impor-
tance in Amerindian culture and its
frequent association with the Big Horn
Wheel in form, name, and legend. The
spoked pattern resembles a common
sun symbol. A Crow name for the Big
Horn Wheel was “the Sun’s Tipi,” and
in one Crow legend “the Sun built it
to show us how to build a teepee” (12).
“It was built before the light came,”
according to another reported Crow
explanation (/3) which was inter-
preted, perhaps mistakenly, as indi-

cating that the wheel was of ancient
age. A more illuminating translation
could well have been “before the sun-
light came,” or “to mark the sunrise.”

The horizon points of sunrise and
sunset shift daily; their paths go
through reversals of directions at the
times of summer and winter solstice,
when the sun rises and sets at its most
northern and most southern positions,
respectively. These singularities were
commonly noted by many primitive
peoples for calendar, ritual, or agricul-
tural purposes. The solstitial alignments
of Stonehenge and other European
megalithic monuments, of Egyptian
pyramids and temples, and of Mayan
temples are by now generally recog-
nized [see, for example, (14, 15)].
Recently, solstitial alignments have
been proposed to explain architectural
struciures of the Anasazi in New Mex-
ico and southern Colorado (16), post-
hole patterns at the Cahokia mounds
in Illinois (/7), and the alignment of
ceremonial circles on the central Kan-
sas plain (I8). Contemporary Pueblo
ritual has required the identification of
the solstices by specific tribal officers
who have used horizon markers for
this purpose (19).

Of the two solstices only during the
summer solstice is there practical ac-
cess to the Big Horn Wheel. Even then
the trail up Medicine Mountain leads
through frequent deep snow, and, if
the experience of the last two sum-
mers is typical, much of the wheel it-
self can be covered at the time of
solstice. On 19 June 1972, a boot-deep
snow fell on the mountain; on 18 June
1973 a blowing snowstorm halted traf-
fic on the nearby highway. In both
cases, although drifts were deep at
lower points, the barren shoulder on
which the wheel is built was swept
clean by wind soon after the storm.
For at least 3 days around the 1972
solstice almost the entire wheel was
clear of snow; in 1973 several inches
of snow covered the spokes on the

. eastern half although the cairns were

clear. Frequent snow cover may ex-
plain the unique use of built-up cairns
at the Big Horn Wheel, as opposed to
more common surface alignments, and
the sclection of this windswept shoul-
der, since these would seem to ensure
the visibility of the reference marks
in summer snowfalls. Thus the funda-
ments of the Big Horn Wheel are
probably the cairns; the spokes and
rim, which for so long have captured
the attention of observers and inter-
fered with serious explanation, are
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Fig. 2. Plan of the Medicine Wheel with
cairn letters added, from a 1958 survey
by Grey (1).

likely of secondary importance and
may well have been added later as a
day counter or simply as a decoration.

How useful, meteorologically, is the
Big Horn site for observing the sun at
solstice? The chances of a clear hori-
zon at sunrise or sunset are probably
worse for a mountain location at high
latitude than for known sites of solstice
markers in the American Southwest,
Mexico, or Egypt, but probably as
good as Stonehenge, for example,
which lies at higher northern latitude.
At the time of summer solstice in
1972, one morning out of three at the
Big Horn Wheel was clear at sunrise;
in 1973, three mornings out of four
were clear. The> solar declination
changes very slowly through the sol-
stice—no more than 2’ arc per day in
the week before and after—and to the
accuracy of stone-and-post alignments
the solstice is not a sharply defined
reversal but a pause of several days in
the place of sunrise or sunset. One
clear sunrise per week would probably
suffice, particularly if the trend of shift
in preceding and subsequent days were
noted. These considerations would
seem to establish the site as a practical
one for watching for the summer sol-
stice. But the choice of a cold and
arduously reached mountaintop in
preference to the equally usable nearby
plains must be justified on other
grounds—possibly mystical or purely
aesthetic.

Solstice Cairns

To test for possible astronomical
alignment it is necessary first to estab-
lish the positions of the cairns and
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then to check for coincidences with
important azimuths of rise and set.
This test had apparently not been made
at this site in the past; most earlier
workers have concentrated on establish-
ing the general pattern and history of
the wheel, and on searching for sur-
face or buried artifacts. The early
maps by Simms (2) and Grinnell (3)
were only approximate sketches, with
no accurate compass reference. A
transit survey of spoke angles was
made in October 1917 by Stockwell,
although never published (20). The
first comprehensive map was published
in 1963 by Grey (1), as a result of a
1958 survey of the site by the (ama-
teur) Wyoming Archaeological Soci-
ety. This map (Fig. 2) faithfully
portrays the general plan and shows
accurate relative bearings of spokes
and cairns, although it contains an
unfortunate error in scale (the dis-
tances shown are 15 percent too small)
and the direction reference is approxi-
mate.

In the summer of 1972, using a sur-
veyor’s transit and steel tape, I made
a new survey of the cairns at the Big
Horn Wheel to establish their posi-
tions and directional alignments. The
true compass reference was determined
by observation of solar azimuths and
checked by triangulation with land-
marks from the U.S. Geological Sur-
vey chart. In addition, the solstice
sunrise was observed on the morning
of 20 June in line with cairns E and
O, for which solstitial sunrise align-
ment was indicated. In the summer of
1973 1 rechecked the true compass
reference on the site, again with solar
azimuths, and observed sunrise on 20,
21, and 22 June and sunset on 20
June.

The 1972-1973 survey is summa-
rized in the first six lines of Table 1,
which lists the position of the center
of each peripheral cairn with reference
to the center of the hub cairn O. Table
I also gives the celestial declination
circle which corresponds to the mea-
sured azimuth alignment, taking into
account the effects of measured hori-
zon dip angle and calculated refrac-
tion. In this procedure I have taken
cairn O as a common foresight for
each peripheral backsight cairn. The
survey indicates that the line EO inter-
sects the horizon where an object of
declination +23.6° rises, as compared
to +23.4° for the solstice sun. This is
illustrated in Fig. 4. The other likely
solstice sun alignment, line CO, cor-
responds to the setting point of declina-

Entrance East

\

Fig. 3. The Sun Dance Lodge (Medicine
Lodge). [From The Sacred Pipe: Black
Ell’s Account of the Seven Rites of the
Oglala Sioux, Joseph Epes Brown, Ed.
Copyright 1953 by the University of Okla-
homa Press]

tion +25.5°. This is about 2° from
the expected value; however, the sol-
stice sunset line from foresight O
passes easily through the central part
of the widely spread cairn C. In Table
1 I have given for the solstice lines
EO and CO the difference between the
measured alignment azimuth and that
calculated for a declination of 23°26/,
which measures the fit of these lines
to the present position of the solstice.
These alignments are convincingly con-
firmed by observation of the rising and
setting solstice sun (Figs. 5 and 6).
From backsight E one sees the flash
of the dawn sun at the center of fore-
sight O; from cairn C one sees the
last of the setting sun very nearly in
line with O. One should keep in mind
that the original reference point in
each cairn is not precisely known and
has here been presumed to be the cen-
ter of the present clear area in the
middle of each cairn. For these rough,
unstabilized cairns this reference point
may not be precisely valid and in any
case cannot be determined to better
than = 15 centimeters, or about =+ 1.5°
in alignment. Moreover, we are igno-
rant of the diameter of post used for
a gnomon and its manner of use, if
indeed one was stepped in the central
cairn as was suggested by Grey’s ex-
cavation.

The centers (defined above) of the
distinctive cairn E and the central cairn
are aligned to the solstice sunrise to
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Fig. 4. View of the Medicine Wheel horizon in the EO direction, showing calculated
lines of rise for the center (solid line) and upper limb (dashed line) of the sun. The
present position of the EO alignment is shown, with an hypothesized foresight pole in
cairn O. Limits of certainty of the survey are =+ 1.5° (vertical dashed bars).

a tolerance which is much less than
my measurement uncertainty. The
statistical probability of a chance co-
incidence of one of six arbitrary lines
to a predetermined direction to within
a small angular tolerance A° is 1:
(360/6A) or, with A=0.3°, 1 in 200.
The center of the more amorphous
cairn C is aligned to the central cairn
in agreement with the solstice sunset
to within an error that is about twice
my estimated accuracy of fixing the
cairn reference points. If the lines of
sunrise and sunset at summer solstice
are the most likely candidates for pos-
sible astronomical alignment of the
Medicine Wheel, then the probability
that by chance alone two or six periph-

Table 1. Summary of 1972 survey of cairn positions.

eral cairns would be aligned to these
directions to within the measured tol-
erances A; =0.3° and A,=3.4° is 1:
(360/6A,)(360/5A,), or less than 1
in 4000. Moreover, as will be demon-
strated below, the coincidences of the
other cairn alignments with other logi-
cal celestial risings further decreases
the probability of chance placement of
the cairns. When we allow for the un-
stabilized nature of the cairns and the
present uncertainty in their original
reference centers, the statistical argu-
ment for solstitial placement seems
even more compelling. The case seems
strong that these cairns of the Big
Horn Medicine Wheel were built for
the specific purpose of marking the

summer solstice. Cairns E, O, and C,
with but little additional specification
of their real reference points, would
have permitted their builders to iden-
tify the time of the solstice with a
precision of several days. Such refine-
ment would have followed quite nat-
urally from repeated annual observa-
tion and use.

Other Cairns

This leaves unexplained the four
remaining peripheral cairns, of which
cairns A, B, and F appear to equal the
size, and presumably the significance,
of the solstice pair, cairns E and C.
We might suspect that the central cairn
served as a foresight for each of these
other cairns, to mark directions of rise
or set of other prominent celestial fea-
tures, such as the nodal points of the
paths of the moon or planets, or the
fixed points of rise or set of bright
stars or asterisms. When the declina-
tions derived in this way (lines 3
through 6 in Table 1) are compared
with the declinations of known promi-
nent celestial features, we find only
one likely coincidence: backsight F
with cairn O points to the rising point
of the brightest star, Sirius. Cairns A,
B, and D show no convincing align-
ments with the center cairn.

It is conceivable that cairn O, the
center of the spoked, sun-symbol
wheel, was chiefly used for solar mark-
ing, and that for other objects com-
binations of the peripheral cairns were
used. In testing for astronomical coin-
cidences in this way some logic or
restraint should be used, since a large
number of lines can be defined by pair-

i 1972 surve Celestial Indicated alignment ' .
Cairns Y . declination (epoch 1972) Degh Azimuth
- Azimuth . p nation )
Back F Separa- Horizontal deg) of rise (R) — difference difference
?.ch - _oret- tion dip angle (deg or set (S) Declination Object (deg) (deg)
sight sigh (m) (deg) (deg) (deg)

E (o] 13.4 +0.18 055.0 +23.6 (R) +23.4 Solstice 0.2 0.3
sunrise

C (0] 12.5 —0.25 308.6 +25.5 (S) +23.4 Solstice 2.1 34
sunset

A (o] 124 —0.5 196.5 —43.8 (S) "

B o 12.3 —1.0 .263.6 -— 5.7 (S) ?

D 0o 129 —-0.2 348.5 +43.4 (S) . ?

F o 12.1 +1.9 114.5 -157 (R) - 16.7 Sirius 1.0 1.6
rise

F A —0.6 065 +16.6 (R) +16.5 Ald.ebaran 0.1 0.1
rise

F B 0 099 — 6.7 (R) — 82 Rig;l 1.5 2.1
rise

E B 0.4 069 +14.1 (R) +16.5 A@ebaran 2.4 3.8
rise
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ing all possible cairns. A convincing
case might be that in which one cairn
is a common fore- or backsight for
more than one other cairn, to mark
a set of significant celestial objects. Of
all combinations, only when cairn F is
taken as a backsight is this criterion
met. An observer at cairn F, the larg-
est peripheral cairn, sees Aldebaran
(magnitude 0.8) rise over cairn A,
Rigel (magnitude 0.11) rise near cairn
B, and Sirius (magnitude — 1.44) rise
over cairn O (see Fig. 7 and lines
6, 7, and 8 of Table 1).

These three stars are the brightest in
a compact region of the sky which is
near the path of the sun in summer.
Thus they rise near dawn at the only
season of practical occupancy of the
Big Horn Wheel (Fig. 8). The nearest
stars of comparable brightness are
Betelgeuse (variable magnitude 0.1 to
1.2, labeled point B in Fig. 8) and
Capella (magnitude 0.2, labeled point
C in Fig. 8). Although Capella is
brighter than Aldebaran, it is circum-
polar at the latitude of the Big Horn
Mountains and hence cannot be marked
at the horizon. Atmospheric extinction
will limit the number of stars which
can be observed near the horizon and
will restrict the altitude angle at which
even the brightest can be seen. This
effect, which has been discussed by
Thom (15), will, for the elevation of
the Big Horn Mountains, shift azimuths
of apparent rise southward, about 0.5°
for Aldebaran and negligibly for
brighter Rigel and Sirius. For crude
cairns these are insignificant changes.
It is more to the point to recognize
the effect as probably limiting likely
summer dawn-marked stars to the five
cited here, thus strengthening the sig-
nificance of the apparent marking of
Aldebaran, Rigel, and Sirius.

Aldebaran is the brightest star in the
well-known Hyades asterism in Taurus.
On 21 June it now rises, unseen in
predawn light, about 1 hour before the
sun. At the summer solstice in earlier
epochs it rose earlier, in a darker sky,
and at one time it rose just as the pre-
dawn sky brightened to extinguish it.
This momentary appearance at rising
defines the heliacal rising of a star,
which, because of the significant daily
motion of the sun in right ascension,
is a fairly well-defined point in time.
The heliacal rising of the brightest stars
was used for calendar reference by
other early peoples. Perhaps the most
commonly acknowledged use was in
early Egypt, where at one time the
heliacal rising of Sirius occurred at
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Fig. 5. Solstice sunrise at Big Horn Medicine Wheel, 22 June 1973, with cairn E
(backsight) in the foreground and cairn O (with tall vertical survey pole) a distant
foresight. Curved steel fenceposts enclosed the wheel. [Photograph by author]

the summer solstice, which was also
the season of the annual rise of the
Nile (21). Hipparchus reportedly
made use of the changes in the heliacal
rising times of certain stars to deter-
mine the difference between the lengths
of the solar year and the sidereal year
(22).

At the Medicine Wheel the heliacal

rising of Aldebaran—the only bright
star to rise heliacally near the time
of summer solstice—would have pro-
vided the only other celestial signal
for the summer solstice (23); more-
over, with experience the observer,

using the heliacal method, might in-
crease the precision of the sunrise-
azimuth method, since the daily solar
motion in right ascension is greater
than in declination. The heliacal
method requires horizon pointers such
as the cairns but not precise place-
ments, since all that is needed is a
rough indication of the place of rise
to identify the star.

The FA cairn alignment could thus
serve to point out the approximate
place of rise of the one star whose
momentary appearance near dawn
would signal the solstice. Later in the

Fig. 6. Solstice sunset at the Big Horn Medicine Wheel, 20 June 1973, with cairn C
in the foreground and cairn O (with tall survey pole) a distant foresight. The U.S.
Forest Service signpost to the left of the survey pole stands outside the enclosure.
[Photograph by author]
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from the

summer, same backsight
cairn, alignments FB and FO would
point in similar fashion to the rising
points of brighter Rigel and Sirius.
Rigel, in familiar Orion, is the bright-
est object to rise heliacally after
Aldebaran. It did so, at the latitude
of the Big Horn Mountains, almost
exacily one lunar month after Alde-
baran’s heliacal rise at solstice. Bright
Sirius then rose heliacally about an-
other lunar month later. It may be
significant that there are 28 spokes in
the Medicine Wheel, which could be
used as day counters for these lunar-
month intervals. It is at first surprising
that stars were marked whose heliacal
rising occurred after the solstice. In-
deed, logical use might suggest instead
the marking of presolstice events, to
serve as warnings from which solstice
countdowns could proceed. No such
objects are marked, but there are two
reasons why we should not expect
them. One is the particular absence of
bright stars in the region of the sky
west of Aldebaran where presolstice
heliacal rising would occur (Fig. 8).
The other is the normally severe
weather on the mountain in late spring,
which would surely discourage use of
the Medicine Wheel much before mid-
June.

Why should Rigel and Sirius be
marked? Perhaps simply because they
were the brightest stars that rose in
the summer dawn. Or, more logically,
because their dates of heliacal rising
would mark off the warmest moons of
the year, the 2-month period after the
solstice when the weather on the
mountain was least severe. The heliacal
rising of Sirius would be a good warn-
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Fig. 7.
adopted cairn alignments,
superposed as direction
vectors on the diagram
by Grey (I). The direc-
tion of north has been
rectified about 2° to
agree with the present
survey. Indicated direc-
tion vectors accurately
depict the true differences
between presumed align-
ments and measured
cairn positions.

ing to leave the Medicine Wheel. We
should also consider whether the Sirius,
Rigel, and Aldebaran markers could
have been laid down at different times
by a sequence of different users, as the
aspect of the sky changed with the
precession of the equinoxes. Each of
these stars at one time in the past rose
heliacally at the solstice there—first
Sirius, then Rigel, and, last of all,
Aldebaran—but the periods between
are measured in millennia and this is
not consistent with the generally
homogeneous construction of the Med-
icine Wheel or with reasonable esti-
mates of its age.

An alternate interpretation of the
peripheral cairn alignments does not
require alignments on other than the
sun and Aldebaran. It may be that
cairn F was used only for the FA
Aldebaran line, and that cairn B was
sighted from cairn E, the solstice sun-
rise station, as another line to the same
heliacal solstice star (Fig. 7). The line
along EB is not as good an Aldebaran
marker as the line along FA, but it is
within 4°, close enough to permit
identification (line 9 of Table 1). In
this case, on days before the solstice,
an observer at cairn E would note the
daily shift of the sunrise point toward
the EO line. From the same station, in
the period before dawn, he could
watch for the momentary appearance
of a bright star (Aldebaran) along
line EB. On the day of the solstice he
would see both phenomena, about 1%2
hours apart, in what would have been
an impressive reaffirmation of the
temporal coincidence of these two
singularities of daybreak. At each sub-
sequent dawn the ever-increasing per-

Summary of

sistence of Aldebaran in the predawn
sky would confirm that the solstice was
past, as would the slow shift of the
sunrise point away from the line EO.

Cairn D remains the unused piece
of the puzzle, for its relation to the
other cairns seems to fit no plausible
sky alignment. It could be a crude at-
tempt (11.5° error) to mark the
celestial pole—a feat more difficult
than the marking of objects that rise
and set. In size and orientation this
cairn appears anomalous, and it may
have been a later addition, perhaps
unrelated in purpose or of nonauthentic
origin. The general appearance of the
rest of the Medicine Wheel suggested
to Grey (/) that at least some of the
cairns may have been built before the
rest of the structure. The uses pro-
posed here make that seem likely, with
phases of construction reflecting stages
of refinement in its astronomical use.
Cairns O, E, and C may once have
stood alone, laid out by a first user to
mark the rising and setting of the sol-
stice sun, possibly on a lone pilgrim-
age or vision quest to the mountaintop.
Cairns B, A, and F could have been
added later by the same or different
users for the added precision of Alde-
baran’s heliacal rise, and possibly for
the mystical marking of Rigel and
Sirius. The reported affinity of Amer-
indians for round objects (24) may
explain the rim and spokes, which were
likely added last. The 28 spokes were
probably chosen to equal the days of
the moon, for day counting or simply
numerology. It should not surprise us
that the wheel is not round (Fig. 2)
(if it was built after the cairns), or
that it meanders and flattens as though
to lend significance to the more im-
portant cairns.

Probable Date of Construction

The declination of the sun at sol-
stice is a measure of the obliquity of
the ecliptic, which changes with time.
Since this is a well-known function,
one might presume to establish the
date of construction of a presumed
solstitial alignment such as the Medi-
cine Wheel by making a sufficiently
accurate measurement of alignment
directions. An indicated azimuth of
rise or set corresponds to a unique
celestial declination, or obliquity,
which in turn corresponds to a unique
date in the terrestrial precession cycle.
A number of workers (25) have cau-
tioned against using such a procedure
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for sunrise or sunset markers. The
change in the obliquity is so slow—
about 1° in 8000 years—that the un-
certainty in refraction and in the user’s
definition of sunrise introduces a
chronological uncertainty of literally
thousands of years, even for the most
precise alignment determination. The
situation is further degraded in the case
of the Big Horn Medicine Wheel align-
ments by the crude nature of the cairns
and our ignorance of their exact points
of reference.

However, the implied use of Alde-
baran as a heliacally rising star at sum-
mer solstice gives us a dating device
which' is not subject to these faults.
This is a potentially powerful dating
tool, since the change in Aldebaran’s
position with time is appreciable; more-
over, the method is insensitive to the
positional accuracy or stability of the
cairns, once we are convinced that
Aldebaran was so used. The absence
of other bright candidate stars for the
FA cairn alignment and the unique
position of Aldebaran relative to that
of the solstice sun leave little doubt
that this was indeed the case.

In this dating method one uses the
long-term change in the position of
Aldebaran with respect to the solstice
point, which comes about chiefly
through precession of the equinoxes.
Precession is such that at present the
elongation angle between Aldebaran
and the sun at solstice is decreasing at
the rate of about 1.4° per century.
Currently the separation is about 22°,
such that, at the latitude of the Big
Horn Mountains, Aldebaran rises
about 9° before the sun on 21 June.
As mentioned earlier, this is too close
to permit one to observe the rising of
a first-magnitude object, and Aldebaran
at solstice now rises unseen in the pre-
dawn glow. Some time ago, when it
rose approximately 11° before the sun,
it was just far enough from the sun to
rise heliacally on the solstice. Before
that time, it rose even earlier, persist-
ing longer before dawn and becoming
less and less useful as a heliacally ris-
ing solstice marker. There is thus a
period of time, centered on the time of
nominal separation for heliacal rising,
during which the star would have been
useful. Neither the width of this time
period nor the separation angle for
precise heliacal rising are exact quan-
tities, since they depend somewhat on
the acuity of the observer’s vision and
on the variable brightness of the pre-
dawn sky. In taking 11° as a nominal
separation angle for the heliacal rising
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of a first-magnitude star, I have fol-
lowed the work of Lockyer (21). A
reasonable choice for an allowable
tolerance about the value is *=1°,

Included in Fig. 8 are the positions
of Aldebaran (and of Rigel, Sirius,
Betelgeuse, and Capella) from A.D.
1000 to the present in 100-year steps,
from the calculations of Hawkins
(25). Figure 8 also shows the 11°
heliacal horizon (the almucantar
which lies 11° above the solar almu-
cantar at summer solstice) and a por-
tion of the 10° heliacal horizon for
reference. Both of these horizon lines
are drawn to include the effects of
refraction and the measured dip angle
in the FA cairn direction. Aldebaran
was on the 11° line (for nominal first-
magnitude heliacal rise) in about A.D.
1700. The uncertainty of *=1° in the
value of the separation angle corre-
sponds to an uncertainty of about
+200 years in date. Thus the use of
Aldebaran as a heliacally rising solstice
star implies that the FA cairn align-
ment was made in the period from
A.D. 1500 to A.D. 1900 with a most
probable value A.D. 1700. This agrees
reasonably well with Grey’s dendro-
chronological earliest date of A.D.
1760 (26).

Authenticity

The Big Horn Medicine Wheel is a
crude structure of loose, unmortared
stones. As with any archeological site,
its authenticity is open to question and
so is the possibility of serious modifi-
cation since its discovery. It could
easily have been built by a single per-
son in a day, if it were no more than
a randomly oriented pattern. In a re-
cent popular article Ransom (27) has
suggested that the entire structure was
redesigned and relaid by U.S. Forest
Rangers, using different stone, some-
time between 1931 and 1955. Al-
though this can be shown to be an
invalid and unsubstantiated suggestion
(28), the possibility remains that, since
the original discovery of the Medicine
Wheel, visitors could have significantly
altered its form. It was not protected,
other than by isolation, until about 50
years ago when the U.S. Forest Service
built a low stone wall around the
wheel. Although high steel fences have
since been substituted, it is still rela-
tively unprotected and unstabilized.

Before any conclusions can be
drawn from the apparent astronomical
alignment of the structure, it is clearly
necessary to answer the question of its
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Fig. 8. Diagram of the sky in the vicinity of the solstice sun, with horizon lines
calculated for the latitude of the Big Horn Medicine Wheel. Star positions are for the
present epoch, with additional positions at century intervals (A.D. 1000 to the present
date) for Aldebaran, Rigel, Betelgeuse (B), and Capella (C), which is circumpolar.,
The position of the solstice sun has been taken as a fixed reference point in plotting
the changing positions of these five brightest stars. Other stars participate in the same
relative change, so that the constellation patterns remain essentially the same with time.
Declinations (from Table 1) corresponding to cairn alignments EO, FA, FB, and FO
are shown as lines of total width 1.5° adjacent to the probable alignment objects.

1041



Table 2. Comparison of surveys of cairn positions.

Azimuth of cairn center measured

from the central cairn O (deg)

Predicted value

Cairn
Stockwell Grey Eddy (deg)
(1917) (1958) (1972)
A 014 015 017
B 080 084 084
C 121 126 129 125.4 (solstice sunset)
D 171 168 169
E 235 232 235 235.5 (solstice sunrise)
F 292 293 295 295.8 (sirius rise)

veracity (29). The classification of the
Medicine Wheel as a genuine artifact
of early plains inhabitants must rest on
evidence of its age, as established by
the methods of archeology and the in-
ferences of astronomy invoked here.
The apparent alignments of the cairns
on a set of logically related celestial
events of the summer solstice add a
strong statistical argument that who-
ever laid down the cairns knew the an-
nual path of the sun and the important
stars of the summer dawn.

Definite evidence against any major
modification of the wheel in this cen-
tury is found if one compares histori-
cal photographs of the site with the
present structure. Grey (/) made such
a comparison as part of his study of
the Medicine Wheel and concluded
that the site in 1958 was in no basic
way changed from its appearance in
1903. 1 carried out a similar study,
with the help of the Western History
Research Library, University of Wyo-
ming, and the U.S. Forest Service,
Medicine Wheel District. From a file
of photographs dating from 1905, it
can be established that the general
appearance of the wheel has not
changed in this period; more to the
point, the cairn positions appear in
early photographs just as they do in
Figs. 1 and 2.

In addition I have made a compari-
son of the three extant surveys of the
Medicine Wheel: that of Stockwell in
1917 (20), Grey in 1958 (1), and the
work presented here (30). Grey com-
pared his survey with the Stockwell
map and, after correction for an
acknowledged plotting error in the
1917 map, concluded that there was
no evidence for change in the struc-
ture. My findings corroborate Grey’s
conclusion and further establish that
the azimuths of the centers of the six
peripheral cairns are the same in the
three surveys, as best these reference
positions can be determined. The com-
parison is given in Table 2. It would
seem to establish that the cairn posi-
tions have been stable since at least

1042

1917 and that the conclusions pre-
sented here concerning their alignment
were valid at least at that time.

The number and arrangement of
stones in each cairn has undoubtedly
been altered through the years, by ac-
cident, removal, or intentional probing,
so that their original dimensions and
precise positions will never be estab-
lished. We know, for example, that
during the Grey survey the interior
of each cairn was excavated. But the
evidence is that their general positions
and hence their relative alignments
have been preserved.

Conjecture

Ii may be that the solstitial align-
ment of the Big Horn Wheel and its
resemblance to the plan of a Medicine
Lodge are related. The Medicine
Lodge, or Sun Dance Lodge, was
commonly built for the conduct of that
important ceremony. The Sun Dance
was performed traditionally in June—
at the time of the summer solstice (31,
32), “when the sun is highest and the
growing power of the world is strong-
est” (24). The cairns of the Medicine
Wheel could have served to fix the
time for that ceremony; moreover,
certain aspects of the Sun Dance ritual,
including the layout of the Medicine
Lodge, could logically have been pat-
terned after the Medicine Wheel. The
Wheel and its mountain might then be
considered sacred places, endowed
with the ability to receive the message
of midsummer from the sun itself. It
would not seem unlikely that in the

“development and spreading of the Sun

Dance ritual the pattern of the Medi-

cine Wheel would have been copied,

at least schematically. This suggested
sequence—that the Medicine Lodge
was patterned after the Medicine
Wheel—is the reverse of that usually
invoked.

We can imagine that the Big Horn
Wheel may have been originally used
by a knowledgeable few who climbed

to the site in June to mark the day of
the summer solstice for an ensuing
Sun Dance ceremony. The ceremony
itself, which often involved entire
tribes, might then have followed, not
atop the inhospitable mountain, but at
some lower site when the observers
came down the mountain with the
message from the sun to start. In time,
particularly if the secrets of the cairns
were known to only a few, this way
of initiating the ceremony could have
faded from wuse, and the Medicine
Wheel could have been left behind, in
the veil of mystery, as an original but
unappreciated pattern. This conjecture
seems reasonably consistent with the
earlier limits of estimated dates for the
structure and with reports that local
Indians apparently knew nothing of
the origin or purpose of the Medicine
Wheel when it was first found. It
would also add meaning to the Crow
legend that the sun built it to show
how to make tipis.

Of no less interest is the identity of
the architects who first laid out the
cairns. Did the nomadic tribes of the
northern plains know enough of as-
tronomy to perform this feat? The
answer is surely yes. There should be
little doubt that any people who lived
by the sun would intimately know the
dawn, and that any who lived at
the mercy of the seasons would know
as well the solstices. The next step, of
marking these phenomena with stones,
would seem to follow naturally or,
conceivably, could have been learned
in trade and travel from the more ad-
vanced Pueblo people to the south,
who, in turn, in earlier times, learned
these things from the inhabitants of
Mexico, if we are to accept the hy-
pothesis of the northward infusion of
astronomical culture (/6).

Why would a nomadic people wish
to mark the solstice? Historical ac-
counts of the Plains Indians do not
emphasize this practice, or, to my
knowledge, even acknowledge it, and
indeed the custom is more commonly

‘associated with agricultural societies.

Still, there are other reasons for want-
ing an annual calendar reference,
which include ritual, as cited above,
and a basic need to plan for colder
weather. These needs would survive
into the historical era, although the
methods of meeting them might
change. With the encroachment of a
white civilization on the northern
plains in the 19th century the Indian’s
requirement for a natural calendar
could have vanished, taking with it
certain astronomical traditions.
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Regulation of Bacterial Growth

Mechanisms controlling intermediary and macromolecular

metabolism interact to regulate bacterial growth.

The growth of a microbe is rarely
complicated by the supracellular con-
trols that buffer the cells of higher
organisms from the environment, and
thus the mechanisms by which a bac-
terium’s growth rate, composition, and
metabolism relate to the environment
are relatively visible. It is therefore
not surprising that the existence of a
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variety of bacterial cellular regulatory
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time. Some of these mechanisms pro-
vide control over intermediary metab-
olism, that is, control over the for-
mation and disposition of the many
low molecular weight compounds that
are intermediates in the formation of
the macromolecular components of
the cell, while others are concerned
more directly with control of the
formation of the macromolecules
themselves.
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Intermediary Metabolism

The concept that intermediary
metabolism is regulated comes from
many observations. Perhaps among
the most important of these is the
fact that a bacterium growing normal-
ly will not lose significant amounts of
its many intermediates. This implies
the existence of a selectively perme-
able outer membrane, as well as
mechanisms preventing the overpro-
duction of these compounds by the
enzymatic pathways making them. As
one might predict, when either the
membrane of the cell is altered, or
when a defect appears in a control
mechanism, as a result of a mutation,
for example, the cell may excrete a
variety of intermediates, as in the first
case, or a specific intermediate, as in
the second. Even more direct evidence
of these control mechanisms comes
from the fact that when a specific
nutrient is present, it may induce the
synthesis of those enzymes needed to
utilize it, while if the nutrient is an
intermediate which the cell normally
makes, then the endogenous synthesis
of the compound will be quickly in-

1043



	Cit r6_c6: 
	Cit r3_c3: 
	Cit r18_c22: 
	Cit r14_c16: 


