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UNITED STATES
DEPARTMENT OF THE INTERIOR

- NATIONAL PARK SERVICE
ROCKY MOUNTAIN NATIONAL PARK
ESTES PARK, COLO.

?OCPS/ S - PRE
November 8 1946.

Dr, Francois E., Matthes, Chairman,
-American Geophysical Union,
U. S. Geological Survey,
' Washington 25, D. C.

Dear Dr. Matthes:

Enclosed is a copy of the report on Tyndall and Andrews
Glaciers in Rocky Mountain National Park for 1946 prepared -
by Park Naturalist Gregge.

Mr. Gregg has maede certain corrections in meteorological
data used in the 1944 and 1945 reports to better integrate
these data with figures used in reports since 1936, This

" matter is discussed in the appropriate place\?n the report.

Photographs are used again as they were in reports
through the year 1942. Apparently no photographs were made
by the survey parties in 1944 end 1945 so to pick up the
story pictorially, photographic comparisons in the enclosed
report are made for 1942 and 1946.

Very truly youfs,

David H,., Canfi
Superintendent,

-Enclosure: 1946-G1acier Report.
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GLACIER REPORT

ROCKY MOUNTAIN NATIONAL PARK
1946 - H. R. Gregg,- Park Naturalist

November 5, 1946.
1946 GLACIER STUDIES - ROCKY MTN. NATIONAL PARK

Measurements of Andrews and Tyndall Glaciers in Rocky Mountain National
Park have been made annually since 1932 with a few exceptions when weather
or absence of personnel prevented. Prior to that time sporadic recorded
observations and measurments as well as attempts to study rate of motion
were made. In addition, old photographs available in park files were
valuable for appraisal of subsequent shrinkage of these glaciers. An
excellent photograph of Andrews Glacier made by Major R. G. Coffman of
Colorado A. & M. College about 1909 indicates that probably three times
more linear recession at the snout took place between that time and 1932
than has taken place in the ensuing period. Photographs of Tyndall
Glacier made in 1888 by Frederick H. Chapin show it to be vastly greater
in volume than it has been at any time since recorded observations were
begun. Comparative study of Chapin's 1888 photographs of Rowe Glacier
in the Mummy Range with modern ones indicate comparable recession of
this glacier.

The 1946 studies are integrated with the almost continuous series
of surveys made since 1932. This year it was possible to make satisfactory
photographs at both glaciers. Good comparative measurement was made at
Andrews Glacier. It was determined satisfactorily, if not accurately,
that there was-a recession in Tyndall Glacier since 1945,

DATE

September 6, 1946. 6:00 a.m. to 4:00 p.m.
WEATHER

It was clear with 1ight westerly wind at 6:00 a.m. the time
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of daparturs for the survey party. Cloude gathersd by mid-moraing,
tho skies beocoming predeninantly overcast by L:0) p.m. Conditicns
wore idoal for the murvey shroughout the time spent et Auirews
Glu.ohr,

At Tyndall Clacier, except for ccoasjionnl brouks, &rifting
clouds swept eastward over the divide, obscuring the swmit of
Hallett Feak und tho rim of the gorge above the glacior, At times,
visibility of the glucioy was extreunly poor due to fog rolling
fnto the gorge. By use of suporeensitive fila, satisfactory photo-
graphs were obtainsd despite poor light conditions.

Yo precipitation ocourred during-the pari.od-ot'the BUTVEY o
The party eoncisted of lir. Jewes Pe Gilligan, Refuge Manager,
U. 8, Fish end Wildlife Sorvice, Velentine, Nebraska, and Park
Haturalist Rayrond Gregg of Rocky bountelr liationsl ork,
GHNUAL NOTES '

fiw trip wees nsde vie Loch Valo to andrews Glecicr, thence
portherly along ths continentzl divide euriaca to Tyndall Glscler,

with return down Tyndeld Gorge to Hear lLaka, T

lisasurenents were made by cord iine, Points of reference used
wors tho sawe as.in 1942, .

Looation of Station X' at Tyndall Clacier wus estnblished with listle
dsrriculty. It is obvious $0 the ‘writor from review of 1944 and 1945
gacier reports that Station X' wap rot eccurately located by the par-
$1en for thoss yours. :The doudbtful "simllarity of points used for
peasurenent wake 16 Lrprobable that data for 1944 snd 1945 can be roleted
to moasurerment 1n 1945 at Tyndall Glacisr,. T .

- Photogruphs uscd in this report compero conditions in-1942 to
thosa in 1946 from iduntieal or nearly taentionl  poeitions, 7The only
11iterin ‘photographs An park files &re two made ab ‘Tyndell Glmoler -
on Beptaxmber 20, 1945, when much new snow B8O eoverad the glecier as
to dotreet from their usefulncss, Future reports can be prepared
with cemparetive photographs basod upon 1946 appearance of tus
glaciors, Coe IR -
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In pro-war yesrs, Ur, Yrancois k. ¥atthes, of the U, S,
tieodlogical Survey, has conmsented on the value of photograpas
for iaterpratation of chanzes in the glaciers, Parbly due to
weather conditions, such photopraphs were not lucludedq in the
1944 and 194% reports, redusing their velus as & part of the
continuity ostablished in 1932, It is recuwzended fulure rurveys
ve conducted tlie first weok of Saeptomher to avoid esrly setson
snows that interfero with accurate deteruination ef the ice front,
and reduce the values of photographs for interprotation. It is
the opinion of the writer that photographs wean a great dedl more
than the reasuresants obtained, ospacielly in the case of Tyndall
Cleaier, ' ' :

At gome future timo, berring marked sedvenee of Androws
Clegiar which mizht obliterate 1%, the mud delta foruing at tho
wagt end of the lakelet way resch to tho large "island™ rook
{dontiried as "C*® on the plates, At such tims, a station can be
establishad from which a direct lina measurement can be nade ane
nually to the true snout of the glecler. Until that time 1t le
guggestad that moasurenento ccatinue to be conducted from Gtation
X' to tho nearast ice, whrich will bs epproximately on e lins with
Station X' and tne conical pinnsele appearing in Plate & of this
report. Irrelevant figures will be obtained if measurenont is
mede from Btation X' to an 1gce apron scmotimes prosent along the
southwest shore of tne luke which is not @ truo part of the glacier,
9he point for measurement on the visible ice front shouwld be select~
ed rorth or northerly of a lins betwesn the rooks identified as *g"
and "T" in Dlate © of this report. It 18 prubable thint these points
any be covered in a year of hoavy Bnow overley, making it diffioult
to find the actual bordsr of the trus glucier, liowavar, by refere
ring 4o Plate 1, lower photograph, in thie report, th= percon con~
ducting tho measurerent can deteruins a peint tu the right of the
arrew indicating rock "E® and run the line of measurdisant from
Station X' to that point, If this puide 4s follewed, it i3 very
1iksly thet the ice neusured will be a purt of the glacier propere
It is recomuendad that & copy of this report or & subssguent re-
port containing sfuilas photographs bs used by the survey perty for
referonce in the field,

fhould the rmd deolia ares razain gubstentially as 4t was 4in
1842 and 1946 in front of Avdsews Glacier, it 1is roccimsnded that
beginning in 1947 e scoond measurerent be made as desoribod in the
following. paragraph. . _
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 Referring to photographs in Plate VIII, note the rocks (which
eppear $0 bo yuite stable) indicated by an urrew Yo show changzes
in water leval, By eateblishing & visual reforence point on the
near side of roock "A", visible from the rocks roferred to above,
a sight-line between thess points could then be deternined, '
fitanding on the mud delta ut 8 mid-point on this line, eno ‘could
run 8 lino westerly directly to the nearess ice, regardless of
tue anount of recssaion, and obtain an agcurate mecsurenonty of
tue position of the glaciey frunt, This line would not be gubde
ject $o the arror inherent in i'~based ssasurenient linos, which:
are at an angle to the axis of the glacler, liowaver, X' nausura-
piants should be continued in view of the fecs that ths measurement
herein proposod would be inupossible in case ifce edvunced, t0 @
position east of the point dsscribed for the now roagurensats,

Station X*'' 4is ussleus now becauss of {18 position wall to
the norta of the axis of the glaciare Ghould the glacier advance
and gpread at its front t0 equal or excoed its advanced poeition
in 1938 Station X'*' would be useful, By ure of X''f, it could
be determined whother some futurs advance is prester than that
of 1930, the largest rosorded since 1932, o

=T BN S L L Ty, 0

seather data sre again based upon Lstss Perk and Crend lake
station roedings. Thers is no advantage in the use of dsta fran
lawag=Iirkwood or Longs Peak weanther stations, #inco reports from
1932 to 1942 were besed upom Letes and/or Grand lake data, Oon~
tinued use of istes Park and Grend Lake data will provide & con~ -
sistent raletionship to glacier inorament or diminution. Co

: The averege befveen istes Fark and Grend lako rendings is &
bettor index £ zeadings for either station alohe for corre=
lation with the condition of thu glaciers. lieather deta pot takirg
into asovount precipitation at Crand lLake sre deficient because pro-
vailing westerly winds add importantly to glscler voluwms through -
eastwerd drifting of west slope snowfalle L '

The weiter has obtained theése data froum the ronthly Couopore~-. .
tive Obsorver's sheets on £ile in the office of tho Chief Ranger,
rather than from the printed Climatologiesl Date reporte, since .
the latter do not contain all of the inforsation avaiiable in the
former reportes Orand Lake obsorvations are made by District Hanger

¥red D. lolaren and Estes Park messuremonts are mede by H. J. ioling.
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Through 1942 the "westher year™ usad wua from Cotobor 1 to
Septembar 30, The 1944 and 1945 reports used tha “waathor your”
Sepbeaber 1 %0 August 31, The lattey is a battur period for
roforsnce.-ond $%3 use is retained in the 1346 reporte ..

AT, QAT

. Kessurements wore zade from both Station X' and Station
Xvee, Only the former is & valid meagurement for indlcading
_the condition of the gleeier. The 1945 tapoline from Station
X'¢% ¢o the 1ce front measured (5 7" obliquely baciward from
tho staticne Tue 1946 weasurcment slong approximately the saze
iine wos only 60' 89, ibeks which 1is between Station X*'' and
the ioo make it impossible to sxtend a tapelina Airsotly, In
stretching the line over or sround rocksi in making allowance
for the difforence in slavation lovels of tho station and the
{ce Tront, or for angularity of the line, &t s highly Lwproe
bable that consistent msasurements can be obtsinad from Station
X0$%, This is espooially true &5 long as the ico is at & point
other than direotly or nearly directly forwerd from the stution.
Therefore,; the possible interpretation of measurezents frea
Station X*'7*, that thers has heen an advance of 4' 11" 4is die-
regarded in this report, The Station X''! figures are tabulated
on paze 6 moroly =8 & matter of record. Klsewhere in this ro-
port it is recommended thet this measurement bs discontinued.

Distencs from Station X* to the ice frons in 1946 was

224" 9" oompared with 210! 6% in 1945. fince thess are alnost
identicel limes of measurement, the differential of 14° 3~ is
6 valid messure of recossion in Andrews Glasier in 1945-4%.

The angle of the line of moasursnent to the axis of the glacier
ip sufficient ¢o make thie fipure slishtly inaceurate, E£ince
the error is consistent from year to year, fizures for advance
or recedsion are olsarly indicative of the condition of the

gleeters .

7 A wxoveh ‘of ‘the glaoler and tebulated dsin on recelsion and
advance sinee 1932 followsi = ' ’
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XLETCH OF ANDREWS GLACTER

Rocks are identified to correspond with latters appearing on plates contained

in this report, Orangs lines describe proposal for a socond set of messurements
to be initimted in 1947, replacing valueless msasursments from Station Xree,

CUMULATIVE MEBASURSMENT DATA

Ztation X' to nearest ics = Station X''* to nearest 1ce
1946 224r . z" c - 1946 © <o 8
1945 210'. . . b ' 1945 . b5 .
1944 25% o 1944 . =TQL. 2"
1942 155¢. 8e 1942 ~49. 1*
1941 . 212'. 5“ 1941 ﬁ' . 3-
1940 170  (est.) 1340 16 gw
1939 92r - 0" 1939 za'.- N
1936 - 320 3 153 48 ne
19 : M 0" 1937 Station not established.
19 No measurements _ T :
1935 66* o . . BASED UPON STATION X*° -
1934 133' . o" - | - T |
. 1933 KoY. l0* _ Apparent Recession, 1945-46
. 1932 . 48| R o _ : _!!' z", S
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TYHDALL GLACKER

From Station X' on & westerly lins indicatod on the left photo-
graph of Flate AVY, the nearest ice positively identifioblo as cone
tivuous with the pain body of the glacler wes et a dietance of 12
117, An average of measurazonts from fStations A and B, used for the
3945 report, probably would have been about the pue as a moasurennnt
from i' Yo neerast 406, Therofore, tho 1946 measurament of 112¢ 11°
{8 coapared with a 1945 figure of 54° 4%, to record a reousalon of
58¢ 7 for the current glacior ysars _ _

' Op a southwesterly lino from Btation X', thers was a ssall debris=
coversd tersinua at a distence of onmly 105', but thia ice 1s off the
1ino used in measurements carried on sinse 1932, and is not as useful
for comparison us the figure obtained on.a vostorly line.

laerge rocks in the terzimal ridge sontinue to shift {ons toward
the south ond poved severa) feet while measurement was being smade).
™18 supports thae balief that thare ie stegnant ieo, probably contine
ucus, under tho heavy debris cover in the basin botwasn tho pridge and
the nosrest clear ics of the glacier body. As gtated in pravicus ro-
. -porte, this condition makes all measurencnts on ragord of dubious
.wvalue, Howavaer, photographe show that there ars changos in ths con-
dition of the glecier from year to yeur, and 1t 1a probably worthwhile
to continue measuring and photographing Tyndall Glacier for recoxd

purposes,
Tabulated data on recession and advanes since 1332 follow:

DALY CLACIER

Sta;;on X* %9 pesrest 1cs.
iggh  12' -

:_ . 1945 ;' 49
1 . _t 301
- 1943  Ho meusurements
1848 - 0 o
. 1941  Ho measurenonts
13%3 & 2*
193 202* 1* _ :
'1335 Eom?-sea“ ' Rsgebsion, 1 6
' ; ® - ‘hppurent Recession, 19454
1933 ¥ ‘n - : -

2. 3 3

7
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 BETEOROLCOICAL DATA

For soxo reason, the 1945 gleaial survey insluded only éata for the
Eates Fark weathor station.  The 1944 ropors usod data {rom Longs Peak
weathar station (Hewes-Xirkwood) and Grand lake. Yhere wes no 1943
glucier mousurement, ' In 1942 and in previous years dack to 1937, the
~ writer wonducted msmsureronte, and used data expressod individually and

es averago for the Estes Park and Oropd Lake weather stations, ' Xt 18 be-
lieved that theso two fijures give the best constent index of reférenve,
~ Some enowstorus will come from tho sast, providing a raading &t Hates -
" Park oxcessive to that at Grand Lake, . More fraguontly, cnows on the
wont slupe, recorded at Orand lLake, axceod snowfall on the enst alope,.
Prodatly, in view of prevailing westerly winds, the emowfall on the wes$
slope is of more effect upon the eonlition of the glaciers than sudwfall
- east of tha oontinenta) dividas, Fowever, an avere;e of the Entes Perk
and Grond Lako stetions does provide maxiraust covertge of probably influe
miag mwral.l, and if uaed ansually, -m give & oonatant index,

. - For tha benarit of other persons. who Bay m!ne muaanramnts m ths
futurs, the fallurs of Acting Park Maturaliss Crater to find data en
Grand Leke for 1944 was that he uszed the grinted U, 5. iivather Burssu
Climatological Data filse, and in soue years Grand Lake data appmnuy
were aot-includsd, BHowever, in the Chief Ranger's offios files, there
18 a moath-by-month report prepared by the Distriect Rangsr at Grand Lake,
which 48 eontinuoun since 1936, The detadrecn rile, end can b9 used,
elthough i involves a 1ittle oxtra sffort im caloulating the averezes
for the glseier yoear, It 16 reocomoended shat in the future, the preg-
tice toumd here bo continued, _

WM . EEOR R MuN  ENE - Dogs o 2om
Septexbey RePy PO 53.5 CoT- 2,0 ) .30 l.m .
N " hve 50.3 . 2.5 - 32 1-g
chbﬂr . . SOP. - 46.9 L . 3.0 p% : --’ I
L Gela 3.2 = 4.0 50 I L05

L AW 4340 © Se o371 T W7
SRR & 2.8 - 17.0 1,55 .x.;g
i AW 2949 - - 9.0 - e9a R Y’ U
. mm BaPo . 27-9 ' 7.0 l.22 1.1}
L Gols - 15.1 - 23.0 .05 -1.&3'
e L Av, 215 . 18,0 1.40 - 1,40
:ﬁmﬂ " BaPs . 5- . 9.5 . .'I_ y ) o
. ' Oelee _ 13,8 - u.5 s0R . ok
. iﬁ_"i S _. 20.0 - 10-2 i ‘ B |
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1245

Fobruary EgPs 299 95 -95 .96
Gele 13eH 10.0 5 5
. - a.7 98 73 .
Mareh EeP 30,1 7.2 1.4 1.4
: GeLe : 283 M0 1.30 1.30
’ A'. ] ' 53.1 ’ 10.6 1.38 1038
April ] BoPse 47.2 2.0 73 1459
' . Golia 35.9 ) 2.0 030 1445
. i¥e ' 430 2.5 Y] 1.52
yay - ZePa : 45,9 ° .0 2.40 4432
: G.L. ' 4&.2 ' 3.0 ' 2;03
. aVe ' A4.0 .5 1-32 301 _
June 8,Ps ' 595 ° 1.12
Oule 50,7 1.20
' AV, 5-1 o ' 1.16
July : K. Pe 'S O : 6-09
Gele . 5.6 1.69
AV¥e v '4 . 3.87
August EoPe 62,2 4.03
e gg.s ' 1.00
AV, 0 . o 2091
~ Fop Glscler : : -
Year 1945-46 Gal. el 53.3 5.30 - 158,10
| Bl 4449 Hel - Ca29 T 22
Av¥, ' 40.0 _ 74 0_7 7084 20,10
D Cazparative data - C :
194445 Gol 30,4 1387 L7 25
ne¥F, ' 4.2-7 105.5 _ 9030 ' 26045
v, 3"05 122.1 10055 } 20.95
**3043-44 AYe 38,8 7 102.7 g. 15.40
'.1943‘43 ' AVe T 39,0 " 3111 C e _ 12001
194043 . Ave . 3340 8.3 - Z-.&_s . 18:63
. 193940 Ave £0.8 73.1 . b33 17.84
19383 CAwe X899 97.2 760 13.m
1937~ Ave C 394 115.2 11,56
- 1930 o .'-AV. S C 3745 D& G 5. ig.a
wfo - 40.7 0.0 T 712

‘1935-}3 cozputed for Bstes Park ealy, prior to
eatabnshmnt ef weatker station at Gmd Ln.kc
Ranger Statione <
“'Lctan dnta:(replmtng frrelevent data included in 1944 and 1945 Taports)

194344 g'i.. . 428 sé - 3’355' - 5.68
| v, R ma.g L. B05 1_3.&2

1942=43 EoPe : 42.6.. . 818  7.04° 16,
.L. 3544 - 130.5 3-‘;3 - 19.41

AV, J9._° m.l ' 19 .01

9
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CONSILEIGH

kotoorological data for 1942 to 1945, when the writaer wes ab-
gont in military ssrvice, have besn reconstructed in this report,
Thus, figures for thoge yuars are at verienco with those in the 1944
and 1945 reports, However, as now preosented, the motoorclogloal
' dnta provide a cvontinucus yecord simes 193, computed on the sane

basis, -

'mbla I renresents sraphically the position of tho ice front
with relation to Staticm X' for bothk Tyndall and Jndrews Glaclers.
On ke plot for sndrews Olueisr, ordinates ars srranged eo tuat

greph lizes for temporsture and gnowfall qonditions oan be ccmpared

with tlha condition of the glasier,

Raspectfully rutmitted,

H. Raymond Oregg,
Park Maturalist,
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ANDREWS GLACIER

Above: 1946 Belows: 1942
looking westward across lekelet, showing general appear
ence of the glacier. Identical points indicated assist
visualizing chenges in the frontal area of the glacier.




PLATE
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ANDREWS GLACTER
Left: 1946 Right: 1942

South edge of glacier, showing cone
ditions in ths two years. WMarked
snow overlay present in 1942 is come
pletely absent in 1946. Photograph
mede from northeast side of the
lakelet below the glacier.

Indicated identical points assist
in making comperisons.

II
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AVDREWS GLACIER

Aboves 1946 ' Below: 1942
Closer view across frontal area, showing south edge
of glacier near the ice front. Identical points are

indicated, symbols conforming to same points in other

viewse

PLATE 1III
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REWS CLACIER

A

1942
ER

LOOKING SOUTH ACROSS FRONTAL AREA OF ANDREWS GLACI
1

Below:
uniform symbols tying
her photographs of same areas
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AVDREWS GLACIER

X' Avove: 1946 Below: 1942
Looking from Station X'along line of measurement to ice
front. Identical points are indicated., Note that ice
apron along lakeshore at left has disappeared entirely

PLATE V
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ANDREWS GLACIER
Left: 1946 Right: 1942
Looking northwesterly along line of

moasurement from Station X! to the
termims of the glacier.

This photograph is a handy reference
for meking identical measurements
from Stetion X' from year to years

‘Marked changées ars evident in the
two pictures, especially in the com=
plete dissipation of the snow apron
at the edge of the lekelet along the
south shore in 1942,

PLATE VI
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ANIREWS GLACIER
Left: 1946 Rights 1942

Looking up the glacier from the md
delta in front of the terminus of ice
in 1946; and from a point just =
short distance up on the ice in 1942,
Several identical points assist in
visualizing changes in the appearance
of this portion of the glacier.

PLATE VII
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ANDREWS GLACIER

Wowd sk

= W SRee

Above: 1946 Below: 1942
Looking down over snout on md delta end lakelets Note
higher weter level in 1946, leaving less of mud delta
exposed. Identicel points are indiceted.

PIATE VIII
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ANDREWS GLACIER

Above: 1946 : Below: 1942

Looking down from almost at top of ﬁlacier, showing north

edge of ice with nivation ridge or "lateral moraine". It

is of interest that 1940, 1942 and 1946 photos show little

difference in the position of indentifiable points.
o S = ki
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ANDREWS GLACIER

~ .t ~

Above: Looking up south edge of upper portion of glacier,

showing crevasseSs

Below: Southwsrd across head of glacier, showing surface

and exbtension of crevassing into the ice mass.
Both photographs 1946

2 T
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TYNDALL GLACIER

"Above: 1946 Below: 1942
Looking down on glacier from headwall showing front
position of ice and basin within recessional and/or
eblation ridge. Identical points are indicated.

PLATE XI
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TYNDALL GLACIER

Above: 1946 Below: 1942
Looking southwesterly from Flattop side across headwsall
and bergschrund eres of glacier. Note that snow overlay
prezent at center of photo in 1942 is dissipated in 1946

PLATE XII



ROCPS 46 HR-PRS

TYNDALL GLACIER
Left: 1946 Right: 1942

Southward from the Flattop side over
south edge of main body of glacier,
and the "wineglass" wing to the south
of the main body, to show changes in
the ege position of the glacier, as
well as the relation of visible ice
or snow overlay in the flat frontal
portion of the glacier which fills the
besin within the terminal rock ridge
not visible, but at left of field of
photographs.

1942 photograph. teken from nivation

ridge at north edge of terminal "bowl":

1942 photogreph from same position on
Flattop side of gorge used in 1940,

'PLATE XIIT
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TYNDALL GLACIIR
Loft: 1946 Right: 1942

Looking westerly up the south edge of the
glacier from base of terminal ridge.

This portion of the glacier is shaded

for a mejor portion of the day, so that
chenges are less sharp in years when
marked changes take place at the front

or in the mein body of the glacier.
Fallacy of measurement from X' to near-
est visible ice, especially when it is
made up of compacted and frozen overlay
as in 1942 is pointed up by comparison
of these two photographses The rock de=
bris in lower portion of 1946 photograph
is seme as that in middle lower portion
of 1942 photograph, making it evident
thet the apparent 1942 front is not truee.

Snow OverLay
_ Exrenoep To
5 cSTATION X' =

Xl

PLATE XIV
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TYNDALL GLACIER

BT

Above: 1946 Below: 194

Looking, almost directly westward from Station X' over the
main body of the glacier. Identical points are indicated.

PLATE Xv
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TYNDALL GLACIER
Left: 1946 Right: 1942

North edge\ of glacier from Station X!,
point from which tapeline measurement

is mades Dotted line on 1946 photo=
graph shows approximate position of ice
definitely part of the glacier body
nearest to Station X', the length of this
line being the figure used in this re=-
port. Comparable identical points are
indicated.

PLATE XVI
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