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INTRODUCTION 

Crater Lake National Park is home to a rich collection of rustic 
stone masonry architecture. These resources range from build­
ings and guard walls to hidden drains, spillways, and culvert 
headwalls that line park roads. The natural materials used and 
handcrafted appearance of these structures reflects the intent of 
Crater Lake's first architects and landscape architects to design in 
ways that would enhance the park's natural beauty rather than 
detract from it. Preserving these historic resources and using 
them as prototypes for repair and new construction will ultimately 
protect the historic integrity of the park and the legacies of the 
innovative individuals who designed the structures within it. 

The goal of this manual is to provide park employees a reference 
to gain understanding of the vast amount of stone masonry archi­
tecture in the park and the aesthetic characteristics that define 
each type. By providing an overview of some excellent examples 
of original work, and discussing the principles of rustic architec­
ture that were utilized in their designs, it is hoped that this manual 
will assist in the effort to promote historically compatible repair 
to these structures when the need arises. 

Lookout and trailside museum, 
on Watchman Peak 
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OVERVIEW 

Eight different construction 
techniques were identified 
during the Summer 2008 in­
ventory of stone resources 
within the park. These in­
clude A) random ashlar ma­
sonry or "tiled" masonry with 
a single cut face of the stone 
exposed for the construction 
of tree wells, spillways, 
drains, walkways, some build­
ings, and newer steps; B) 
coursed ashlar using rectangu­
lar shaped stones with weath­
ered surfaces for features such 
as culvert headwalls; C) un-
coursed or random stone ma­
sonry for guard walls, retain­
ing walls, and parapet walls; 
D) battered, un-coursed stone 
masonry that is either load 
bearing or applied as a veneer 
for buildings; E) monolithic 
stones for steps, benches, 
drinking fountains, and curb­
ing; F) dry-laid stone for re­
taining walls and revetments; 
G) combinations of these 
techniques with wood mem­
bers; and H) new construction 
using a concrete core faced 
with stone masonry. 
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E) 

F) 

Stone used in the construction 
of these features was primar­
ily andesite removed from the 
Watchman flow and collected 
from other locations within 
the park such as Garfield 
Peak, Dutton Cliff, and 
ditches along roadways. Be­
cause stone can no longer be 
excavated in the park, obtain­
ing stone for use in repair and 
new construction is problem­
atic. Planning should be coor­
dinated with all maintenance 
crews to save any stone re­
moved from roadways, 
ditches, and other locations 
for use in future projects. 

The map on the next page 
shows the locations of many 
masonry features found in the 
park, although it is not com­
prehensive. The accompany­
ing list on pages 12-15 identi­
fies the features found at each 
location. Although the con­
tent of this manual is pre­
dominantly geared toward 
stone masonry, dry-laid fea­
tures are also keyed on the 
map and a short section on 
dry-laid features can be found 
toward the end of the manual. 

H) 

G) 
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CRATER LAKE NATIONAL PARK: 
RESOURCES AT A GLANCE 



MAP KEY 

#1 Mile 0.3 L, Castle Crest Wildflower Garden 
#2 Mile 0.4 R, Tiled masonry culvert across road 

from Castle Crest 
#3 Mile 0.5 L, Tiled masonry drain and culvert head 

wall east of Castle Crest 
#4 Mile 1.0 L, Dry-laid spillway 
#5 Mile 3.0 L, Vidae Falls Station 
#6 Mile 3.0 R, Vidae Falls Picnic Area 
#7 Mile 3.4 L, Tiled masonry spillway 
#8 Mile 3.5 L, Tiled masonry spillway 
#9 Mile 4.31 R, Tiled masonry drain 
#10 Mile 4.35 L, Masonry culvert headwall 
#11 Mile 4.4 R, Tiled Masonry drain 
#12 Mile 4.4 L, Sun Notch 
#13 Mile 4.5 L, Horizontal tiled masonry drain and 

culvert headwall 
#14 Mile 4.5 to 5.0 and 5.3 to 5.5 R, Guard walls and 

retaining walls on Sun Grade 
#15 Mile 5.0, 5.2, 5.5, L, Spillways and culvert head 

walls 
#16 Mile 5.8 R, Pullout with Boulders 
#17 Mile 6.6, L, Culvert Headwall 
#18 Mile 7.5 to 8.0 R, Guard walls and Retaining 

walls above Pinnacles Road 
#19 Mile 7.53, 7.56, 7.59, L, Spillways and culvert 

headwalls 
#20 Mile 8.5 L, Phantom Ship Overlook at Ken-

Notch 
#21 Mile 10.5 L, Turnout 
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#22 Mile 10.7 L, Sentinel Point turnout 
#23 Mile 11.0 L, Pumice Castle Overlook 
#24 Mile 12.1 L, Cloud Cap 
#25 Mile 12.1 L, Mount Scott plaque monument at 

Cloud Cap turnoff 
#26 Mile 12.7 R, White Bark Pine Picnic Area 
#27 Mile 12.7 to 13.0 L, Culvert Headwalls 
#28 Mile 13.3 R, Pullout 
#29 Mile 14.9 L, Skell Head Station 
#30 Mile 15.6 L, Turnout with guard wall in two 

sections 
#31 Mile 15.8 L, Pullout 
#32 Mile 17.2 to 17.3 L, Guard wall 
#33 Mile 17.7 on L, Pullout 
#34 Mile 18.9 L, Guard wall 
#35 Mile 18.9 L, Turnout 
#36 Mile 19.1 R, Cleetwood Station parking area on 

right, trail on left 
#37 Mile 19.5 L, Pullout 
#38 Mile 19.7 L, Pullout 
#39 Mile 19.9 L, Pullout 
#40 Mile 20.0 L, Pullout 
#41 Mile 20.0 R, Pumice Point Picnic Area 
#42 Mile 20.3 L, Pullout 
#43 Mile 20.8 L, Turnout 
#44 Mile 20.9 L, Turnout 
#45 Mile 23.7 L, Merriam Point Station 
#46 Mile 23.9 L, Turnout 
#47 Mile 24.0 L, Turnout 
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MAP KEY 

#48 Mile 24.2 L, Turnout 
#49 Mile 25.2 R, Turnout 
#50 Mile 25.9 L, Corrals Overlook Station 
#51 Mile 26.0 L, Watchman Trail 
#52 Mile 26.4 R, Pullout 
#53 Mile 26.8 R, Pullout 
#54 Mile 27.6 L, Turnout 
#55 Mile 28.7 L, Discovery Point Station 
#56 Mile 29.6 L, Pullout 
#57 Mile 29.7 L, Rim Village 
#58 Mile 31.4 R, Spillway 
#59 Mile 31.8 L, Spillway 
#60 Mile 32.0 L, Culvert Headwall 
#61 Mile 32.05 L, Culvert Headwall 
#62 Mile 32.7 R, Park Headquarters 
#63 Mile 35.2 R, Tiled, dry-laid masonry feature 
#64 Mile 35.4 R, Goodbye Picnic area and wall on left 

side of road 
#65 Mile 35.7 R, Tiled masonry feature 
#66 Mile 35.9 R, Tiled masonry feature 

#la Mile 5.0 from North Junction L, Pumice Desert 
Monument 

#2a Mile 8.4 from North Junction L, North Entrance 
Vault toilet 

#3a Mile 8.6 from North Junction, North Entrance Station 
#4a Mile 9.1 from North Junction, L and R, North 

Entrance Sign and Pier 

14 



#lb Mile 1.7 from intersection of Rim Drive on 
Pinnacles Road, L and R, Culvert headwalls 

#2b Mile 3.1 from intersection of Rim Drive on 
Pinnacles Road, R, Lost Creek Campground 
restroom 

#3b Mile 6.2 from intersection of Rim Drive on 
Pinnacles Road, Pinnacles overlook monument 
and guard railing 

Mather Bay on the promenade at Rim Village 
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MAINTENANCE GUIDELINES 

Although stone masonry is 
one of the most durable build­
ing materials, it is susceptible 
to damage incurred by severe 
weather such as heavy rain 
and snow, environmental 
events such as erosion, and 
also human error through im­
proper maintenance and acci­
dents. Inspection of stone 
masonry features, especially 
those integral to visitor and 
park staff safety and use 
should be regularly con­
ducted. 

When assessing masonry fea­
tures, particular attention 
should be paid to issues in­
cluding but not limited to ade­
quate drainage, mortar joint 
deterioration, structural stabil­
ity, crumbling, cracking, 
spalling, or loose stones, and 
also undermining of the struc­
ture due to erosion. Inade­
quate drainage will be identi­
fied by standing water or 
dampness in, on, or around 
masonry features. Broken or 
chipped stone edges along 
joints may be an indication 
that the mortar used was too 
strong or hard.1 Bulges in 

walls and tipping are indica­
tors of structural instability 
caused by snow loads, under­
mining by headward erosion, 
damage from snow removal, 
and poor construction. Many 
of these problems are cur­
rently evident in structures 
along Rim Drive and should 
be addressed before further 
damage is incurred. For ex­
ample, several of the drains 
and spillways which are inte­
gral to maintaining Rim Drive 
are clogged with debris or can 
no longer function properly 
because erosion has caused 
them to shift. 

Deterioration of a tiled ma­
sonry drain across from the 
Sun Notch parking lot at mile 
4.4 
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Assessment of these features 
should be completed after pe­
riods of severe weather, espe­
cially when freeze-thaw cy­
cles take place, before and 
after periods of heavy visitor 
use, and after periods of use 
by heavy equipment for snow 
removal or construction pro­
jects. Generally, inspection of 
masonry features should take 
place before and after the 
summer season. This will en­
sure that masonry structures 
within the park are in proper 
condition for providing visitor 
and staff safety during periods 
of intense use, and that they 
can withstand the harsh cli­
mates and intense rain and 
snow fall throughout the win­
ter months. 

Because there is such a large 
number of masonry features 
in the park, inspection could 
be done on a rotational basis 
by structural type. For exam­
ple, buildings and guardrails 
could be inspected before the 
summer season and drainage 
features could be inspected 
before the winter months. 
Intermittent inspection should 

also take place in the case of 
significant environmental 
events. Although the exper­
tise of a structural engineer 
should be utilized to design 
appropriate treatment strate­
gies, all maintenance staff 
should be on the lookout for 
potential problems in regards 
to the stone masonry struc­
tures within the park and re­
port them to the facility man­
ger or maintenance supervisor 
so that proper action can be 
taken. 

Massive deterioration of 
guard wall along Dutton Cliff 
at mile 7.5-8.0 
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MAINTENANCE GUIDELINES 

Guard Walls 
Of all the masonry features 
found at Crater Lake guard 
walls seem to be most prone 
to damage caused by weather 
and environmental factors due 
to their degree of exposure on 
the rim of the caldera, and 
also human error given their 
proximity to Rim Drive. Be­
cause of these factors they are 
also the feature most prone to 
repair that is incompatible 
with the historic rustic design 
theme found throughout the 
park. 

While conducting the inven­
tory of masonry features iden­
tified on the map on pages 10-
11 it was determined that 
guard walls along Rim Drive 
on the east side of the lake 
were in best condition in re­
gards to historic integrity. 
Although some of these walls 
have undergone incompatible 
repair they can still serve as 
prototypes for any reconstruc­
tion or new construction of 
guard walls. Those on the 
north side of the lake were 
also found to be in good con­
dition but many have a "shark 

tooth" pattern that is undesir­
able and will be discussed in 
further detail later on. Many 
of the guard walls on the west 
side of the lake are historic 
walls that have been incom­
patibly repaired, or newer 
walls constructed in the 1960s 
and 1970s using historically 
incompatible designs. There 
are comparatively few guard 
walls on the south side of the 
lake, but one in particular is in 
such bad shape that it will 
likely need to undergo com­
plete reconstruction. It is for 
these reasons that the follow­
ing sections on stone selection 
and mortar application for 
guard walls are covered in 
considerable depth. 

The guard wall at the Sentinel 
Point Turnout at mile 10.7 
demonstrates appropriate dis­
tribution of stone size and 
variation of stone color. 
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Stone Selection 
Using stones that are compati­
ble in composition, texture, 
color, and size is of utmost 
importance to retaining the 
aesthetic character of historic 
guard walls. When masonry 
features must be rebuilt or re­
paired stones should be reused 
to the extent possible, how­
ever, this may be impossible 
if deterioration is too exten­
sive. Any stones removed 
from a feature should be num­
bered and note should be 
taken of both the placement 
and orientation of the stone so 
that it can be replaced cor­
rectly. This will eliminate the 
over or under use of materials. 

The following guidelines were 
established for stone selection 
when guard walls were ini­
tially built in the park and 
should be adhered to for any 
maintenance concern where 
new stone must be used.2 

These guidelines further sug­
gest aesthetic characteristics 
that should be considered on 
all structures which will help 
facilitate repair work that is 
historically compatible. 

-No more than 10% of stone 
shoidd be of equal dimension. 

-Bunching of small rocks or 
rocks of the same dimension 
is not permitted. 

-There shoidd be variation in 
stone color and texture. 

-No more than 75 % of stones 
should have un-weathered or 
quarried surfaces exposed. 
These stones must be uni­
formly distributed to avoid 
patches. 

-Individual stones shoidd 
have wall heights between 12 
and 24 inches. 

-Individual stones should 
have wall lengths between 18 
and 48 inches. 

-The minimum face area of 
stones should be between 216 
square inches and 684 square 
inches. 

-Stones with more than two 
right-angle corners should 
not be permitted, in general, 5 
or more sides to a stone are 
required. 
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MAINTENANCE GUIDELINES 

Another problem that should 
be avoided is the placement of 
similarly shaped stones all in 
the same orientation. This 
can lead to unwanted patterns 
in the masonry such as the 
"shark tooth" pattern that is 
evident in several guard walls 
on the north side of the lake. 

The guard wall at the turnout 
at mile 20.8 demonstrates the 
"shark tooth" pattern that 
should be avoided. 

Mortar 
Types of mortar used on 
structures within the park vary 
depending on the structural 
type and the date of construc­
tion which is evident in the 
variation of mortar color and 
texture. Historic mortar in the 
park can be identified by a red 
tint, coarse grained sand, and 
high lime content. 

Although it is preferred that 
new mortar match the visual 
characteristics of the historic 
mortar, specifications for new 
mortar should be chosen with 
consideration to all factors 
that currently affect the struc­
ture.3 

Consideration should be given 
to how current site conditions 
differ from when the structure 
was originally built, for exam­
ple, the degree of wind expo­
sure, or the amount and type 
of traffic that currently cause 
vibrations on the road near 
that feature.4 Another impor­
tant factor to consider is 
whether the function of the 
building or structure has 
changed, and if so, does that 
change warrant different mor­
tar specifications. In new 
construction it is okay to have 
variety in mortar strength to 
meet particular needs but it is 
best to duplicate the historic 
mortar as closely as possible 
in color, texture, and applica­
tion. As a general rule, new 
mortar should match the un-
weathered interior portions of 
the historic mortar.5 
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The strength of mortar is de­
pendent on the amount of 
Portland cement added to the 
mixture. High Portland ce­
ment content yields mortar 
that is harder. Higher lime 
content will lead to a softer 
mortar that has greater worka­
bility. While mortar that is 
greater in compressive 
strength is generally more de­
sirable for use with hard 
stones, it is important that the 
Portland cement content of 
any new mortar applied is not 
higher than that of the historic 
mortar. This new mortar 
could create a stronger bond 
that can damage the stone 
wall due to differing coeffi­
cients of expansion.6 

Most historic masonry struc­
tures were constructed using a 
lime mortar with low rigidity 
and compressive strength so 
that instead of creating a high 
strength bond it provided a 
cushion which allowed the 
stones to settle, expand, and 
contract with thermal changes 
and also compensate for any 
variable qualities in the indi­
vidual stones.7 This is par­

ticularly important at Crater 
Lake due to the variation in 
temperature and average 
yearly snow and rain fall. The 
components of historic mortar 
at Crater Lake are sand, lime, 
cement, water, and pigment. 
It is believed that builders 
may have used pumice from 
the surrounding terrain to give 
the mortar its red color. 

The guard wall at the turnout 
at mile 10.5 shows the red tint 
found in historic mortar. 

Mortar components should be 
carefully measured to assure 
uniformity of physical and 
visual characteristics. Dry 
ingredients should be thor­
oughly mixed prior to the ad­
dition of any water and it is 
important to use as little water 
as possible because drier 
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mortar is cleaner to work with 
and can be compacted more 
tightly into joints.8 Further­
more, because a drier mortar 
has less excess water to 
evaporate it will cure without 
shrinkage cracks.9 Mortar 
should be used within ap­
proximately 30 minutes of the 
addition of water and re-
tempering should not be per­
mitted. 

Repointing Mortar 
Repointing deteriorated mor­
tar on a masonry feature can 
resolve a variety of issues 
relative to moisture penetra­
tion, plant growth, and stabil­
ity. If all stones can be re­
moved and reused then the 
following procedure should be 
followed. If replacement 
stones are needed then the 
guidelines listed under the 
Stone Selection section should 
be followed. 

Deteriorated mortar should be 
removed by carefully raking 
the joints using appropriate 
hand tools such as hand chis­
els and mash hammers.10 Al­
though this method is more 

labor intensive than using 
power saws or grinders, hand 
tools pose less threat of dam­
age to the stones. In extreme 
cases where mortar removal is 
especially difficult but abso­
lutely necessary, small pneu­
matically-powered chisels 
could be used in conjunction 
with proper hand tools but this 
method should only be done 
by highly skilled masons." 

Guard wall at mile 4.5-5.0 on 
Sun Grade showing a loose 
stone caused by mortar dete­
rioration. 

Mortar should be removed to 
a depth of 2 to 2 ]/2 times the 
width of the joint. For excep­
tionally wide joints mortar 
may have to be removed to a 
depth of several inches.12 Any 
loose or disintegrated mortar 
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beyond this depth should also 
be removed and any mortar 
dust or residue should be 
cleaned out of the joint with 
light water spray.13 

Repointing should be carried 
out when the temperature of 
the wall is between 40 and 95 
degrees Fahrenheit to prevent 
freezing or rapid evaporation 
of water in the mortar.14 All 
stones used and adjacent 
pointing and stones should be 
dampened just before repoint­
ing. Areas where mortar has 
been removed to the greatest 
depth should be filled first and 
the rest filled successively in 
layers. Each layer should be 
approximately 54 inch thick, 
making sure to adequately 
pack mortar into the back cor­
ners. Once the first layer of 
m o r t a r has r e a c h e d 
"thumbprint" hardness, then 
the next 54 inch layer of mor­
tar can be applied. Allowing 
each layer to harden before 
the next layer is applied is im­
portant because most mortar 
shrinkage occurs during the 
initial hardening process. Ap­
plying the mortar in layers 

will minimize overall shrink­
age and therefore cracks in the 
mortar.15 

Once the last layer of mortar 
is applied and has reached 
"thumbprint" hardness, the 
joint should be tooled accord­
ingly to match joints on the 
rest of the historic fabric. 
Joints on structures such as 
guard walls and parapet walls 
should follow historic specifi­
cations and be 1 to 1 54 inches 
wide, never exceeding 2 54 
inches or below 3A inch.16 

Joints should be raked out to a 
depth of 54 inch.17 

Although joints should be 
raked back, creating ledges 
that may hold water should be 
avoided. Mortar joints that 
collect rather than shed water 
will further aggravate mois­
ture problems. When water 
penetrates cracks in the joints 
it can deteriorate the mortar. 
This is especially problematic 
at higher elevations because 
water exerts a more powerful 
expansion force when it 
freezes.18 Once a repointing 
project is complete mortar 
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