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( (f}6) 3:!2 -8578 

January 8, 1 981 

Dr. Ty Dfl11p1.me, Archeolog1st 
A1asta Division of Parks 
619 Warenous• Brhe, Suite 210 
Anchorage, Alaska 99501 

Oea~ Or. Oiil1plane: 

JAN 2 21981 

Your letter of November 17, 1980 regtrdingRussian brictaaking was fon~arded 
to ae by Mr. N\ck 0.1 C1oppo, Archeologist~ Calif~ia Off1ce of Historic 
Pres~r Yat 1m .. 

The C a 1 if Ot"n h Oepart~~t~mt of Parts and Rec:reat 1 on nas conducted a nuMber of 
arctteo1ogica1 excavations at fort Ross State Historic pitart in conjunction w1tn 
tne ongo1nf reconstruction progra• t~re. While we have recovered l n\aber of 
hricts prest~~~ed to be of Russi~~'\ or1fi11, no kfln sites nave beE!\ located. It 
is ~H e.ett that the Russi an brictyard was located tn the Bodega Bay area, 
SOlin! 18 m11es south of Fort Ross {sect Hulquist Ref)ort. p .. 10-11, enclosed). 

Tne enclosed 'f'e)t()rt discusses tne brict recovered llilr1R!J the 1976 excavat1ons 
on tne s1te of tne •offic1a1s Quarters•. under the directien of Bryn Tha~as. 
This was a long, narrow sill-on-post structure built prior to 18.17 and f1nally 
demolished about l:HS.. Most of tne brick recovered had been used as post nole 
fiii .. To date. no intact 110rtared br1ck feetures nave bee" foumt h1 the 
v1cin1ty of Fort Ross. The Hulqu1st R~ort ca~pa ... s size and ctRposition of 
the preswaed Russian and American bricks. She fOUAd that the o~rsized 
Russf~n bricks a~raged about 5-1/2 1nehes in w1dth, ca.parert ~ith tne 4-incn 
ave.,.age far the 11 Standard• AMerican brick. tJnfortUI"ately. !lOSt wre 
fr~g~entary, preventing caaparison of total lengths. There was a considerable 
and overlapping var1ati0f'l tn the thic~ness of tnt! t_, sa~~~tl~s. (Ku1qu1st 
19n:4) 

More bricks were recovered froftl athet· JM>St holes during constructiM phase 
mit~gcition 1n 197~ aAd 1980. These features apparmt1y !upported the north 
side of the bui 1 d1ng a.o iished abOut !91 S$ as well as a western extension 
that may nave b~en removed in the 1840s. The diltetJS1ons of selected l!xaples 
~r«! given below. 



-------~·· . .....,. .. ----~-~---------~---

Or. Ty Df1Hp1ane 
January a. 1981 
Pqe z 

Catalog 
Ndlber 

P:J02 - 15 

PJlZ - 18 

PJ02 - 34 

P302 - 44 

P302 • 45 

Park spec 1m en 

Length 
J!!!'.! i nehes ) 

250+ {9-718•+) 

HiO• (6-5/16•+) 

74+ {l-3/4"-J.} 

1. 50+ { 5- H' /16 " +) 

172+ (S-3/4"+) 

'-45 (9-1'./16 11
} 

(+ 1ndicates incaaplet4 longtn) 

Width ·--
131 {S-3!16") 

145 (5-3/4"') 

J 51 {5-15/16•) 

141 {5-9/16") 

lZO (4-3/4•) 

132 {5-3/15") 

TMekness Ca.~y 

73 (2 .. 7/8•) yellow e1rth 
110rtar 

65 l~-9116") ye 1l cw earth 
IIOT'tar 

63 (2-1/2 111
) OM emf 

vitr1fied 

(J5 (2-9/l6"} 

56 (2-3/15•) •arted with 
an •r 

57 (1-1/4tt) ce~~plete; in 
Park Office 

One ,.pee iMn \p. :1)2 .. 45) 1s atarki!d wittt a largt •x•; it is SOIU!:what wa11 er 
than tne other presuaed Russfan bricks. but wider than the Aaerican bricks 
listed in the 1977 report. A sketch of this brick is enclosed. as is a table 
coaparing the 1976 and 1979-80 bricks (p. 30~-15), is al•ost caaplete, 
although 1ts full length still cannot be measured. 1 have also included the 
dt.ens1ons of the only intact •Russian" brick I know of. Its or1ginal 
prownience is untnown; 1t 1s housed in the Part:. Office at Fort Ross.. I 
suspect that we will ftnrt that these bricks ~re approximately tw1c~ as long as 
their width. 

The end of another oversiz~ brick fragatent (p. 302-34) is neav1iy vitrified. 
This spec ifllen was foun1 in U$OCi ati on with •ueh slag. crucible fra,.ents. and 
riveted. sheered, and melted brass frapents scatteNtd on a clay floor to the 
west of the building site. A foundry is doct.~~ented in this general arta.. Two 
small pits partially filled with charcoal WP.re tne only features recorded that 
could be construed to '"epresMt furnaces, although this area has not been 
coapietely investigated. Whiie I suspect that this ttxa~~ple aay have bMn 
witrified through use in a aetal-working furnace. the possib111ty of •elting 
in the lciln 1tse1f cannot bit ruled out. 



Dr. Ty Oilliplane 
JMuary 8. 1981 
P1ge 3 

We would be ver.Y fnterested to lean-, the she rante of the brfcks ca.pr1s1ng 
the feature described 1n your letter. While GUt" assUtDPtfcm that the overs1zed 
br1tks at Fort Ross are of Russfan origin teas to be confinaed by the 
archeological contexts fraa wh1dl tney bavt been recovered,. cor~bOrating 
ev1ttenu fro~~ Alaska wuld be tollfm"t1ng. I • also inti'Mtsted in your ftnal 
interpretation of the future you are studyint. Is there any ehaf'ICe 1t was 
associatftd with mal working acthfties7 

Sincerely~ 

Larry Felton 
State Archeologist II 

B-66550 

Enclosurt 

bee: Mr. Nick Del Cioppo 
Mr. Lloyd Geissinger. Russian River Area 

Lf 

; •. ,. Ya1 ti4oulcl aloo contact ::wl (Juzok.e, ;~:&,rt..Jent. cf >oc1ol~/~~. 

\;:;;:d.~ of Idaho, ·lOSCO\'..t Idai:tOe He c.~ arc.hec:il.~"l'ica.l ~ons 
at T'ort · .t.1lil8 in 111!) and subsequently llas beeil Wl'jl act.i.w in brick 
resaareh. 
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- J . ~ ·_, r e c c -.· e r e d d u r i ,- 9 

e::.c?·.·a\.:(:n cf -Lhf' Officie:ds' Guar·1er·~. Ah•ost all of these <F34) t<Jere 

manu fe-te -tur·ed by the sand-,n~,ld methoo-"lhi s entailed a rectangular t·Jooden mold 

f led wi-th clay wl1ich has been sprinkled with sand to prevent the clay from 

adhering to the sidei The excess clay was removed with a scraper, or "struck 

off", and the brick w~s then removed fro1n the mold for drying (McKee 

1973:43). All of the bricks have a sandy, outer layer bearing evidence to 

this manufactu~ing process. Twenty-two specimens display strike marks from 

the scraper· tool, and four specin,ens have lipping around the top edge ~<Jhere 

e::.cess cli:iy had a<.ihere<i to the molded brick. 

The remair1ing four bricks were firebricks n~nufa~tured by a process which 

molds C1r1d compr·esses the clay in one operation. Machine-made firebricks 

post-ciate sancl-molcied br·icks, being manufactured no earlier than 1'314 (Carnes 

1977, per·sc•naJ co:nmunication). 

Tfie objectives in analy1ing the bricks recovered from the Officials' Quarters 

are three-fold: 1) to note the varieties of bricks recovered, 2) to isolate 

those used in the construction of Russian Period architecture, and 3) to 

attempt a dete~mination of the style of stove wt.ich reportedly existed in the 

Officials' Gua~te~s du~ing the Russian Period of occupation. 

Bricks r·ecovered from several Russian Period sites occupied in the early 

nineteerd.h cen·Lury (F.::;r·allon Islands, Rodega Head, Russian Gulch, Old Sitka) 

reveal thi:it R11ssian b~icks tended to be larger than those bricks made during 

the A1::er· ican P..=:r i ad. Although both length and thickness measurements tend to 

be smr:2\·Jlldt gre<:tter· in Russian bricks, it is the ~<Jidth rnea·:;urement ~·Jhich is 
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bricks, with no overlap. 

1_. way the br·icks are l'aid is generally a better guide to per:iod than are tLe 

bricks themselves <Hume 1':170:83). However, Fort Ross bricks ~-Jere recovered 

individually. Both the smalJer 'common' Awerican bricks and the larger, 

'over-sized con@Otl 1 Russian bricks were recovered from the Officials' 

Guar ter· s. Comparing their widths, Atner i can bricks average 4 in and Russ ian 

specitoens aver·age 5-1/2 in., an aver·age difference of 1-1/2 in. <Fig. 1>. 

Unfortunately ot,ly one brick is COlnplete enough to be measurable by length; 

this is an ~ocrican brick 8-1/2 in/ lang. Th i c kr.ess of the two br :i ck types 
f-' 

over1a.¢sr but the Russian type tends to be thicker by an average difference of 

1/4 in,' <Fig. 2). Dimensions of molded bricks generally vary by as much as 
I 0 • 

1/2 in due to wearing of the mold <Davis 1884:6~and differing shrinkage of 

clay de~ending on composition, amount of firing, and heat of fire. This is 

e~pecially true of early kilns, where the heat generally was not uniform 

throughc•ut <t1cKee 1973:4-'Y, as those bricks used :in the early dats of Fort Ross 

~'iere prc•bctbly burned with a ~·JOod fire <Carnes 1'377, personal communication). 

Bricks of special shapes and sizes were also made for special functions, such 

as arches, chir:.ney shafts, and lintels. From the Officials' Quarters area 

seven arch bricks ~-Jere recover-ed as ~-Jell as t~·Jo "roman" bricks, h-Jo •raman 

arch" br·:icks, <:t11d one keystone brick <See Fi~~ 5). Undoubtedly some of 
V,•·Civ 

these ~~aused in the construction of the Rus~ian stove. 

Besides the varieties of sizes and shapes of bricks recovered, a third 
~~ 

var·iable considered of coiTlposition of clay used in manufacturing. The 
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This is a l:r·oc-<Cl cla·;;.<:ific.a"lion that includes many types of impure cl.-"1)' 

ma t e r i a J <;= .• Re1w r::aterjals come prjncjpally from shales and alluviuu& <::md ar·e 

c_.po~.ed uf vC~r·:ious por·tions of clay minerals and silt, ~..seathered rock, 

rn in e r a 1 f r· a 9 m c: n 1. s , an d or· g an i c rna t t e r • These bricks can be distinguished by 

those particular impur·ities or 'inclusions' which are visible to the unaided 

eye. The~e various inclusions represent different clay sources, i.e.~ either 

from completely different localities or from different areas within the same 
• .s 

deposit, ~jnce the samf: deposit may contain clay from varied source1 <McKee 

1973:41). 

Q 

Of the sand-molded bricks recovered, there are six different clay sources 

represented based on pr-edominant inclusions <Table 3). Those specimens 

cnrnposed (.Jf liwe-::;tone C:IT&d organic m..:1terials (223 specimens) <Fig. 1), those 

composed Df sC~ndstone and shell (6 specimens) <Fig.2), and those composed of 
~~ 

sands tone .71 n d C! u a 1 · t z. ( 1 7 s ~ e c i mens ) ( F i g • 3 ) a r e ass i 9 ned to the Arne 1· i can 

Period. A1nong these bricks are 17 'common' bricks (v-Jhich are shaped 1 :ike arch 

bricks but are only half as thick, as is the case of roman bricks), one arch 

brick, and one r· mnan brick. The remaining 225 specimens are too fragmentary 

for shape to be determined. These bricks have been tentatively assigned to 

the Ame1·ic.an PE-f·iod since those specimens which are measurable fall within the 

acceptable size range for· Ar:lerican-made bricks. Those specimens which ~"'lere 

associated vJith a featur·e \·Jere all recovered from American Period features 

only, 2:1nd none of these specimens have evidence of the anomalies which are 
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' cisF}ayed c:-. :::l:<.:~;an Ft-riod t.r;c!.s, i.e._, -- ..j _- .. ' 

vitrification-disintegration • 

.Jse specimens made of clay with macro-silicates (quartz, mica, and 

decomposed granit~) as predo1ninant inclusions have been assigned to the 

Russian Period <Fig. 4). Only two of the to~al 101 bricks are complete enough 

to deter·mine their· siz~ and shape; ·t.hey are both 'common' bricks. The other 

9'3 specin,ens ar·e fragmentary and unmeasurable. These bricks have been 

assign~d to tht' Russian Period betause of their size, because they were 

rec.ov~r·t'd fr01n both Russian and Ar11er·ican feature-=';-f and because) although also 

used our·ing u,e A1uer:ic.an Pe-riod, they ~~ere manufactured during the Russian 

Period. This type of brick was also recovered from the Bodega Head <Bay) area 

w! 1t'rt' a br·ick kiln ~·Jas in operai.ion at an unkrrm·m date and ~~here the Russians 
0 

set-up a s-tation prior· -to the construction of Fort Ross <Haase 1952:~,219). 

~~other type of clay r-epresented has sandstone inclusions and a marbled 

appearance caused by the Inixture of two different clay -types. One probably 

c o I 1 t a :i n s m or e i r· on o x i <i e than the o the r • This clay probably came from 
lA./~ 

diff~r·e-nt )ay~r·s in thE' same deposit. E i g h t y- s i x s p e c i mens -1 r e c over· e d w i t h 

four shapes b~ing repre-sented: six Russian <Fig. 5-a), three arch <Fig. 5-b), 
d 

one roH~.::In <Fig. 5-c), and one keystone <Fig. 5-1). The remaining 75 spec irr.ens 

ar·~ fr·aglnt:n-ts. These bricks ~-.:er·e recover·ed from both Russian and American 

Period features~ probably being reused as were the previous type. 

Bricks with sandstone inclusions represent the final type <Fig. 6). Because 
~-=-,[J;-

0 ~ t ) d A . { ; ,0 L - ~ both Russian (t-1911 ctn H1er1can e-.g;,._~~n, size bricks are made of this clay 

i t a p e es r· s b o t h 9 r o u p s u -;; e d the same c 1 a y t y p e • It is possible that the sam~ 
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~. c L r; ::; : · c '.J p s , but t r; i c:. does not n e c e o s ,.=, r i 1 y 1,,:.. . 

to ~e the c~se. Sandstone is the underlying /geologic deposit of the Fot·t 

F:o·::..c:. plc-d .. (:-C!U ~-fJ t!,)s c)ay type ~'>las certainly quite common in the area, and 

s .dstune j s a \.'(:-r·y cor:1muT1 temper material. 

~ A r· c h b r i c k s and u n me as u r a b l e s p e c i mens e x h i b i t in g san d s tone i n c 1 u s i on s ~·J e r e 

a 1 so r e c over e> d • The a r· c h b r i c k s a r e of two d i f fer· en t w i d t h s : one measures 'i 

in, the othe~ 5-1/4 in. 

.... "'"(....t..,.. 
e~ 

The wider specimen was recovered from aRussian 

feature, ~o it prubably dates from that period. The naa· rower spec imcn was 

l+ 
without f~atur·t- association but,1width, probably dates from the American 

Period. Tl1e c..u:nmon bricks ~..:ere recovered from American Period featur·es only 

wl1ile the> c•ver·si2.e-d bricks ~-.Jer·e recovered from both period features, as ~-Jere 

the- unm~asur·ab 1 e specimens. 

f-lthouqh the e-xact method of manufacture or type of kiln and clamp used cannot 

be determined fr·om the~.e brick remains, a number of observations can be made. 

The color of a fired brick depends on the con1position of the material and the 

rn-:mner· in ~·Ji1ic.h it is-treated in the kiln <Searle 1935:12). The chief 

colorant is thE' iron oxide and the clay will burn to different shades 

deper1ciing on the a::wunt of this and other· substances <S2arle 193f,:13). 

Ho~·4ever, ~·Jith a given constitution of clay, the final color of the burned 

brick ot?p~nds upc•n a JC~rge nu1nber of conditions )n the firing process <Searle 

1S3S:l3). Therefure, by observing the color variation of bricks made of a 

single type- of clay, some conclusions can be drawn about brickmaking 
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re'=.ul"L of a fir·ing in a single kiln). R u s s i an b r i c k s , I • owe v e r , ~. t... 9 s P s t a 

greater a1nount of variability of conditions. A nuu1ber of the macco-si 1 icatt-

Russian bricks are vitrified on at least one surface. This vitrification is 

caused by exposupe to intense heat wt.ich runs and glazes the brick surface. 

These bricks "Lend to last longer' than those lying away from the fif'e <Hume 

1959:174). Of course, vitrification could have occurred in the kiln or from 

constant ~xposuPe to fla1nes if used in the interior of a stove or fireplace. 

A nu1nber· of both Russicm rnarbled bricks and sandstone iT.c lusion bricks 

disir.tegrate ~..:hen exposed to dampness. This is~ characteristic of 

underbur·niTJg. These bricks either ~"Jere set on the most distant area from H1t-
e 0 

k i 1 n fir· e, or the kiln te1nperature was not sufficiently high to all.o~.., bricks 

to harden. These ar·e called sarnel or sandal-bricks <Hutne 1'3E.'3:174). They 

~· 1 d have been used on ir1terior construction \•JI•ere exposure to dampness wouJ d 

be Tn i n i rna 1 • 

Another attribute disp1ay·ed exclusively by Russian Bricks is cor·ing <Fig. 7)l. 

LiJhEm the te~:-:per·ature in the kiln rises too rapidly the interior of the bdck 

becomes discolored, fr-equently shmo.Jing a black "core" ~'>~hen broken (Searle 

1'33E.: 1 '3) • 

It is suggested that the Rus~.ians used only a single size mold for all of 

their bricks. So, by filling the mold to different level~ they could form 

specially shaped bricks. For example, the tops of the arch, keystone, and 
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varieties, indicating unly a partially fitted mold. 

Another· interE-sting attribute of tht- Russian-shaped bricks is a layer· of ver)' 

ldy-clay applied to thP surfaces before firing. This suggests a need to 

furnish a rouglter surface for the mortar to adhere to, for extra strength 

would be neede-d around the arch area. 

Two types (e:igt.t pieces) of mortar have been recovered from the Officials' 

GuartPrs, either still attached to bricks or as separate pieces. One type is 

a )'el low'n.ud' rnortar, probably produced front the C horizon soils found 1/2 m 

below gr·ound surface at the fort (Fig. 8). Of the 60 having mortar still 
0 

(I 

adhering to their surfaces, 51 had this type mortar, and are exclusively 

RussL:m bricks. 

lne other type of mortar contained portland cement. Por·tland cement ttJa<:. used 

in Europe throughout the nineteenth century, and was introduced to California 

sometirne .:iround 18f,Q. <Reinoehl 1977, personal communication). This mortar is 

made of ct-mcnt, limestone, or gypsuru plaster and is mixed with sand and 

It was found adhering to h·JO American Period bricks <Fig. 9), and 

seven Russian bricks. T~....,o Russian bricks recovered with yellow mortar on one 

side and portland cement rnortar on the other were associated with Russian 

featur· es. Those specimens with both mortars adhering to their surfaces were 

probably bricks w!1ich were used initially by Russians (yellow mud) and then 

reused by An;er·icar.s (pc,rtland mortar). 
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Four· fir·ebr·ici-<. ~.pecJmPns ~·;ere recovered from the Officals' Quarters, all 

n .u fa c 'l u r· e d i1 f i.e r 131 4. One of the bricks recovered is pressed and has an 
7.- . r t..... 

impres~ed manufac'luer's ~ <Fig. 9). One arch brick <Fig. 10), either 

p r e>ssed or· hand mo J de> d, w,"Js a 1 so recovered a 1 ong with two unmeasurab 1 e 

fragme>nts. 

On 1 y one ~P ec i ro1en has r:zor tar adhering to its surface. This is the impressed 

brick; -ctlTcl the TT10rtar contains portland cement. 

Iil.e 

e 
One tile> fragment was r·ecovered. This specimen is the corrugated type made> of 

the sam~ type clay as are the firebricks. Length and width are unmeasurable; 

th i c krzess n:easur· es one inch. 

Bricks of both Russian and American manufacture were recovered from the 

0 f f i c i a 1 s ' Ou a r· 'l e r· s • Of the Russian bricks five shapes are represented: 

'common' (jE. ~pecimens), arch (4 specimens), keystone (1 specimen), and roman 

( 1 spec inzcn) • Also, about one hundred and seventy four brick fragments were 

recovered wlzich were unmeasurable. There is documentary evidence to support 

the assu1:1ption that Russjans manufactured bricks in the Fort Ross vicinity. 

In 1830, Khlebnikov mentions that "From excellent clay a considerable number 
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c; u a 1 i t i ~- s " ( K h l e b r 1 i k o v 1 2 f. :1 : 15 f. ) • 

:· Since Rus~ian bricks were recovered from Russian building pestholes, brick~ 

had tCl be availat"lle wi,ile Fort Ross ~·Jas being CClnstructed. This raises the 

quest i Cln t•f wh~"lher th~ Russians could have brought bricks with them fr 0111 tht' 

northern cCllClnies as ballast, as happened in the American colonies in the Ea~t 

< Hu 111 e 1 ·:n 0 : 82 ) • Howe v ~ r , i t is a 1 so true t h a t p Cl or qua 1 i t y b r i .c k s we r e li a b 1 e 

to abso~b wat~P wl1ich could affect the stability of the ship. As pr~viously 

mentioned, a nu111ber of Russian'bricks are underfired so that they disintegrate 

readily wlten dc-smpened. This certainly ~""Jould have hinde1·ed the use of the·:;e 

bdcks as ballast. Haase <1'352:219) states that from a1·cheological and 

documentar· y evi cience, their brickyard seews to have been situated on Bodega 
·-r~-'- ,._ .. /._ -~: ..._- "f -~~ ' .• ~~· 

H cad , e i g h t e ~ n m i l e s sou t r~ of For t R Cl s s. ·i g i v e a d d ~ d sup p or- t to t h i s 

conclusion. Perhaps the Russians established a brickyapd soon after arrival, 

thus making brick available during the initial construction of the fort. 

~rtainly Fort Ross inhabitants had access to bricks. Haase states that 
t'~ ('. .: ~ ~ ; l-:'t $~ 

approxiD~tely 12,000 bricks were shipped~to Sitka in 1830 <Haase 1'352:'30). 

For marta~, Russians evidently used the soil in the area mixed with sand and 

vJater. 

Bricks were also made our·ing the American Period at the fort. ~.Jhether they 

were made in the in®ediate vicinity is not determinable unless trace element 

studies ar·e cortducted. Evident-ly by the A:nerican Period the brickmaking 

indLts"lry ~·Jas quite prCl<iuctive in California <KelJey n.d.:129). The American 

Period bricks r-ecClvere<i from the Officials' Guarters consist of 35 CfJmmon 

br-icks, twCl arch bricks, two roman arch bricks, and one roman brick, as well 

as 225 ~.e::lr.;ents. Not only were they using these bricks, but they were also 
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1 1
1 
i s i s e v j d \::' n c e d b y the f a c t t h a t a n u 111 b e r of R u s s i an b r i c k s \oJ e r· e f o u n d •·: i t h 

,r- yel1ovJ T•1Dr·tar (used b}..- the Russian~), but alsD pc•r·tland mortar cement (used 

'---
ring th~ Ar:1cr·ican P~riod). 
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IncJu~.ion~ 

Li1r.es tcrne and Ot· gan i c 

Sand~tone and Sh~ll 

Sandstone and Guar·tz 

Mac.ro-silicat~s 

S.a n d s tone an d t1..:: r· b 1 e d C 1 a y 

Sandstone 

Firebrick 

Period 

American 

American 

Russian 
• 

Russian and 

American 

American 
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Total Specimen~ 

223 

17 

101 

Sf, 

401 

838 



' ~ -t ~- .. s ... of F1·g:...:res 

Sand-mulded bricks frclr:i the .t,.,nerjcan Period. 

Fig. 1. Limestone .::snd organic inclusions. 

Fig. 2. Sandston~ and shell inclusions. 

Fig. 3. Sandstone and quartz inclusions. 

Fig. 4. Sand molded bricks from the Russian Period with macro-silicate 

inclusions (quar~z, mica, and dec6mposed granite) • 

• 
American dnd Russian bricks made from h-10 types of clay. 

Fig. 5-a. Russian. 

Fig. 5-b Ar· c h. 

Fig. 5-c Ro:nan. 

Fig. 5-d Keystone. 

Fig. E.. Bricks with sandstone inclusions. 

Example is representative of both .t..merican and Russian. 

Fig. 7. Russian bricks with coring. 
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t ~ 2 r t);:f-~. 

Fig. S. Y e ] ] ow ' mu d ' m or tar { Russ ian ) • 

Fig. 9. Portland cement {ATuerican). 

Fig. 10. Firebrick. 

0 
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