OFFICE MEMORANDUM

DATE: December 27, 1976

TO0: L. T, Oehler
Engineer of Research .

FROM: R. W. Muethel

SUBJECT: Petrographic Analysis of Coarse Aggregate: Boyd Pit No. 54-54
(Testing Laboratory Sample No. 75 A-1625). Research Report No.
R-1038,
Cn August 22, 1975, a sample of combined crushed and natural gravel coarse
aggregate was received by the Department's Testing Laboratory at Amn Arbor,
Informationaccompanying the sample stated that the material was obtained from
the Boyd Pit No, 54-~54, location E 1/2 of Section 3, T16N-ROW, Mecosta
County. The material was submitied to the Laboratory for freeze - thaw dura-
bility testing, Petrographic analysis of a portlon of the sample was requested
by G. H. Gallup.

Summary
Rock Class Condition of Particles [ Percent of
- , Sample
Igneous ~ Hard, fresh to moderately 21
weathered, and non-porous :
Metamorphic Hard to moderately hard, 10
: ' fresh to slightly weathered,
and non-porous _
Sedimentary Hard to soft, fresh to high~ 69

ly weathered, and non-
porous to porous

Approximately 18 percent of the sample was found to be contained in rock type
categories having absozptlon values greater than 1,5 percent,

Detailed tabulations of petrographlc composzttmn specific grawty, and absorp-
tion are included in Tables 1 and 2,



TABLE 1
Petrographic Composition __
Testing Labory Sample No, 75 A-1625

Sieve Fraction Analyzed Computed
Rock Type ] 1to {38/2tel 1/2t0] 3/8 to sample
: ‘ - Composition
3/4-in. | 1/2-in.{3/8-in.| No, 4 |. ,
Granite 14,0 15.0 11.3 14,0 13.6
Diorite 2.0 1.7 2.0 0.7 1.6
Gabbro 5.0 3.0 3.3 3.3 3.7
Basalt 3.0 2.3 2.0 0.3 1.9
Felsite 0.3 - 0.3 0.3 0.2
Quartzite 10.0 8.3 4,0 5.7 7.0
. Metasediments 4.3 2.0 1.7 3.0 2.7
Tillite 0.7 0.7 0.7 0.3 0.6
Schist e - 0.3 — 0.1
Limestone- 7.8 6,0 12,3 10.9 9.1 .
‘Argillaceous Limestone - 3.0 1.0 1.3 ~ 0.3 1.4
Cherty Limestone 2.7 1.0 1.3 2.4 1.8
Dolomitic Limestone 2.7 3.0 2.7 2.7 2.7
- Dolomite 32,0 36,7 35.4 32.4 34,1
Argillaceous Dolomite 2.7 4,0 4,3 7.3 4,6 -
Cherty Dolomite 3.0 2.8 1,7 2.3 2.3
Crag _ ' -~ - - 0.3 - 0.1
Sandstone 2.0 4.0 1.7 3.3 2.7
Siltstone 1.0 2.3 3.7 1.7 2.2
Shale - 0.3 —-— _— 0.7 0.3
Clay Ironstone 0.3 —_— 0.3 ~— 0.2
Porous Chert 2.7 5,0 7.7 7.0 5.9
Dense Chert 1.0 0.7 2.0 1,3 1.2
Totals, percent 100.0  100.0 100,0 100.0 100, 0

NOTE: Computed sample composition is based upon counts of 300 particles con-

tained in each of the sieve fractions noted,
‘ : 8




TABLE 2
Specific Gravity and Absorption Data
Testing Laboratory Sample No, 75 A-1625

Specific Gravity _. - Composition,
Absorption,
Rock Type Bulk, { Bulk, A percent percent
' dry ssd pparent : by weight

| ' Granite 2.63 2,64 2.66 0,36 13.7.

‘ - Diorite 2.84 2,85  2.87 0.32 1.8

| Gabbro 2,96 2,97 2,99 0,84 4.6
Basalt a 2.86  2.88 2. 90 - 0.46 3.0
Felsite ‘ 2,72 2,72 2,72 0.00 0.2
Quartzite 2.62 2.64 2.66 _ ¢.48 8.4
Metasediments 2.67 2,69 2. 72 - 0.71 3.7
Tillite 2.66 2.68 2.70 0,64 0.7
Schist _ ' * * * T
Limestone : . 2.62 2.64 2,68 1.04 7.9
Argillaceous Limesione 2,62 2,67 2,76 1.94 2.3
Cherty Limestone 2.58 2.62 2.69 1.64 1.9
Dolomitic Limestone 2.68 2,72 2,78 1.40 . 3.2
Dolomite 2,74 2,76 2,81 0,92 c34.1
Argillaceous Dolomite 2,58 2.65 . 2,77 2.68 3.2
Cherty Dolomite - 2.63 2,66 2,714 1.53 2.7
Crag * Co% * : % T
Sandstone . . 2,44 2,51 - 2,61 2,72 2,6
Siltstone _ 2.28 2.42 2,66 6.23 1.5
Shale 1.88 2,08 2.28 - 9.38 0.1
Clay Ironstone - 2.81 2,82 . 2,85 0.47 0.3
Porous Chert 2.32 2,42 - 2,58 4.40 ' 3.3
Dense Chert 2,56 2.58 2,61 0.71 0.8
Total Sample . 2,67 2.69 2,7 . 1,12 100, 0

*No determinations due to insufficient sample.
NOTE: Values are computed from deferminations made on all sample materlal con-~
tained in the categories noted,




pedptLx 0} pojusp

POSBpIL 0] pojuap _

pespLI 03 pejuop

90BIINg
‘fjoowis ATejeaspow 03 ySnoa ‘ipoowus A1ejerapowr 03 ySnox ‘qlootus ATojeIspoul 0] ganox STOTIIE
‘paaeyjeom AT9JBIOPOTH 0 Ysoa] ‘paxeyjeem ATIYIIIS 0 ysogj  ‘podeyrzem ATIUSTIS 0 ysoJy Phied
_ _ _ o adeyg
pepunoxqms o3 rgmdue pepunoaghs o1 IENsUE papunoidgns 03 Jenaus
_ - 9foTIaEg
snoxrod-uou snoJod-uou snozod-uou L8000
9 01 G'g SUOIN paey 9 0} 4 SHOWY :pasy . 9 03 L SYOJN :pxey SSOUDPIEH
. TIhp Tmp Shoa71AGNS 01 [Mp aelsnT
peuieid ouly AI04 0} WNIpotU peureas sury A10A 01 WNIPOUI pourzad ouly A1oA 0} 98IB0O oaMXa ],
_ UMOIG
USIMOI[a4 pur “Morlq ‘usaild o1 OB pUB UMOI] YSTMO[IoL 03 o 1070
Avi3 pofyjow pue (YovlY 01 UsoIS spid pepjjowr pue fXovlq 03 Usexd HoBTY 01 US9x8 109
Saep pue ‘Arad 01 Jmq perpow Jxep pue 93ym 0] fexld peyioun sxep pur. ‘yurd ‘ojmm pemow
Lehiele}: 3] 911I01(T ajuRLy odA T ooy

SH00Y Sl10ENDI




“polpIa

9OBLING
podpia 03 pojuap ‘ydnoux 01 pajuep ‘yjoouwis 03 YSnox
¢ ¢ . - ofonIeq
paaeieem AIISIIS 01 Ysoaj paaayjeom ATHSI[S 01 Ysouy
. : . adueyg
pepunoxgns o] sgmsue papunoxqns 03 agnidue oTonIT
snogod-uou snoxod~uou £)18030
9 0} L SYOIN :paey 9 01 §'G SUOI pIey §SOUPIBYH
mp mp 22380y
QurTeIsAio JUITTRISATD
~0JI0TUL O] PoUTeXs ourl L1oA ~0X0TWi 03 paulril oury AToA OImEIL,
_ _ UMOIq YsTmorTed
uoaad pus Avad poyy puv ‘3oelq ‘uoead peyjow puw I0T0D
-joui pue {Ava8 Haep 03 umipeur ‘uoexd x0 Avad yxep o) wnipsw
ojIsied Jreseg odA 1 Mooy

(*u0D) SHDOM SNOIANDI




Po3pIa 03 potuep

pesprx

paspra

' ‘oo ﬁmpﬁm@o.& 01 ysnhoa 01 pauep ‘Yioouwis 0] ySnoa 0] paluap fyjoowrs 03 YSnox mmw.h.&.ww\m
‘poxeyjeem ATIYSI(s 01 yseas " ‘paaeyreom ATIYSIIS 01 yseag ‘poiayjeom ATIYSIIS 01 ysoJj PRIed
adeyy
pepunoxgns o3 xemius pepunoxgns 03 xendue pPopunox o] aensuzr -
_ 901} Ied
shoaod-uou shoxod-uou shoagd-uou Arsoaog
‘ g 01 J R . : g o1 SSOUpIeH
SUOTA spa¥y ATo)RISpOUL 0] PJABY SYOIN pIE] A]9)BI0pOT 0} pIBy L SUOIN :paBy
mp . Tnp 1IMp 03 SNOaIITA asgsnrg
asouexeadde orjradydiod B yam ouITRIsAa0 _ , :
. : Chithbich
SSEUl PUnoisd sulfle1sAIo0IOTIU ~0J0TUI 0] pauread oury LI . peuread our AxeA 0F wnipowt _
. BMmoaq ysippeJa 03 jng u9913 01 ABaF pueR ‘umoIq o}
pue usaal 03 A8a3 pejjowi pue pet ‘oimm 07 IINg psTuow pur JI0T00
u9918 0] Avad wmipatx 01 [IIT fusaad o3 Aea8 3aep 0] wmipewx fusoxd {Lead xurd {gng fojmym
SNTILL “9j1ZIIENY odAy, ooy

SIUSTIIPASBION

S2100Y OIHGUOWVILEN




P2.3DTI 20EIINg
0] pajuap ‘ysnox ‘ysoaj 1o 1IxE g
.H,m?,mﬁu. mHowwmem
snoxod-uou Aprsoaog
¢ SUYOW ‘paey A[)eIopow SSOUPIBY
. mp JO18NE
pouread aury Axea 9INIXa T,
Aexd 10700
1STOg od4y, ooy

(*10D) SO0 OMIIHONVLIN




*Te1I07eW TETIHS

*SNOISJITISS0] X8 910

~I9jul IO ‘gwWires fsompou -1jxed sy v "polsSNIOUI-DWII] SHIBWSY
§8 11910 UIBJUOD S9TOIjABd Arrenraed oae soronnaed mel v

‘ _ posp1x 03 pepyd poSpia o3 poind S —

yjoows Alo1BI9pou 03 ySnox J0 pajusp ‘yloowis o yInox 10 pojuep ‘tjoows 03 ySnox STOTAET

‘poxolyjeom AT9JBIOPOL OF USoal ‘poasijeom A19TRISPOW O SOI ‘pageyleem A[olBIOPOW 0} YSOI] [oHIEd

, : adeyg
pepunoxgns o3 1ensus poputioa o} xe[hsue popunox o} 1gnsue

- oToHAed

snoxod Afeuil 0} snoxod-uou snoxod ATeury snoJod AFBI[s 01 shoJod-uou Ajrsoaog

g 0 L SYOW’ _ o ¢z ol g _ g ssou
: PIBH
1pavy A[o}BIOpOUL O} PIBY SYO :3J08 01 pavy Aejerepowt 0] G*¢ SYOIN :paty ATejeiopount _

Tmp Ayjaxes 03 TTnp Top TojsTT
QUI[BISAIO : aullrelsdao ouIjjeIsAId

_ ; _ 9INIXAT,
~0101Ux 0] poureas sury Axoa -~OJOTW 0} PauTead sulg Axea -0JDTWL 0} pouleid ouj] A10A
Keald Aexd pue umoaqg pus Aeid 03 gng

B a4 1 . [ £ 4 3 [ 1 .HOHOO
pue ‘omm Jo Ing poiiow mg pappow pue ‘Aead {Iyng paI1owW pue ‘umoaq (L8l fpng

puoisowry A3IaYD QUOISOWI] SNOIVB][IBIY , aUO)SOWI | odAT, Yooy

SO0 AYVILNHWIAHS




*POISNLIOUI-OTII]

Afreriaed oae selorired mal v muﬁ,mﬁmm
peidpra o1 peigd pasSpIL paBprx o3 pajrd ST,
10 pojusp ‘1joouws 031 ySnox 03 pejuap ‘yjoows o yinox J10 potuUsp ‘Yjoouws o} yShoa R oﬁmmmm
‘poroyirom AT91BISPOW 0} USOI] ‘paxsyieam A7o)BXopow 01 Ysoa] ‘podsyieam A[ejriopour 0} YSoII PoHIed
SpUNOIGNS 0 IBN3UE spunox o3 agmiue apunocI 01 FRMIus odvys
pop q 3 pep _ } pop 1 oTOTIIEd
snoxod ATouty snoxod ATySiTs 03 snogod-uou snoxod Ayeury 03 snoxod-uou £1150I0
¢ *g 01  SYOIN :pavy A]ojeIspowx £ 0] § SYOIN :pawy Alejeiopow ¢ 01 § SYOIA :paey Ajojeisopoux SSoUpPIB
mp TTOp Tmp Je3sn
our[eiIsiio QUIT[BIsAX0 oull[elgdan SR,
~0J0TW 0] paureald ourl Lxoa =~0J0TUL 0] pouTead aull AJaa ~0JI0TWL O} POULBIS oufy AdsA ML
Aeal8 : : Ara3 : Lead
¢ ) ¢ c ¢ £07T0D
pug jnq parpowr pue ALexd {gng pue ng peipow pue (Avad igyng pue Imq pspijour pue (Aead g
SITWIOTOQ SNOo2BTISIY 9JTWIOTOT SU03SaWIT DTIIWOTOT odAT, Y00y

{*1900) SHOOYW AUVINIWIAHS




*I9ABI3 DUIJ

, *[BII918
Tenisasul 10 ‘s[Issor

_ . . SYITBWRY
PUB PUBS PIJUSTUSD—OWI] POLIOI[IS ‘swees ‘solhnpou
70 pesodurod ST [RIAS1BI SB 1J970 UIBU0D SOTOTIIB
. _ | _ pe3pLx 03 pajusp - ,?m
poSpla 01 pajusp ‘USnox : pajuap ‘groowrs AJ9jraopowr 03 ySnox N
‘poxoyjrom A[ojrIopour O} Ysel] ‘y8nox ‘poasyieom ATIUSIIS ‘poastieom AJeteropouwl 0} Ysoaj oRIed
apunoI 03 agndue opumnoIgns SPUNOIUNS 0] IBNIUE adeyy
pap 1 pep q wﬁ_ q H_% _ oToTIIRg
snoxod 01 shoxod A[surg snoxod 031 snogod-uou snoxod ATy8rIs 03 snoxod-uou £18010g
_ g€ 0} L : ¥ 01 L SseuUpIT
L SUOIN ‘pJa%yq SUOIA :PJIBY ATOIBRIOPOUL O] PXBY SYOY ‘pXey AIS1BJOpOW 0} pIe] _
Tinp 1np TIOp J9ISTT
QuITIRsAIo SR
pauread auil AxoA 01 aulg aouvaeedde Ajqged auly ~OIOTUL 01 poureid. suly AxoAa HoL
UMOIY YSIMOT[eA : : Arad pur 93Tgym
[1 [ ;HOHOO
03 YSIppod pue (Aead {Jmg Aead yxvp pur yng pejpowr 01 JIng poyour pue ‘Aexd {gng
2U0ISpUES Serp o31mioTo( A3a9YD adAT, ooy

(*1900) §3100Y AUVINHINATHS




*[BIIO1RW I5JUD0

UOI}9I0U0D PUR QUOLSUOIT SYIBTIOY
ABIO OAISSEW 048 SO[0IIIBJ
7 . poSpIL 00EJINg
pefprr 01 pajuep ‘yjoows Alojw potuap 01 pajuap ‘Yloowis 0] Ysnoa oTOTIES
~IOPOW ‘paroyirom A[oiRIOPOH ‘irpoowns ‘pedoylesm A[ojeropout ‘poxeyleam A[U3TY 01 Usea] ¢ :
_ oduyg
..Hmﬁ_,mnm pepunoIqns pPopUnOI 01 .H.mﬁsm.n,ﬁﬁm STOTLTRG
snogod Areuil o3 stoxod-uou snoxod Apourgy snogod Afouny f1s0303
‘ G'g : : G'g 0% ¢ SSOTPIAY
0} ¥ SYOJA :pIXey A[e1eIopotu G*Z SUOI :1JO§ SUOTN 1708 01 pxey ATelBIopour _
mp Tmp Aygyaee 03 TP T0}SNY
SUI[[BISAID JUTITBISAIO suIfR}sAIo .
-0JOTUL 01 pouleasd aury Aloa ~0I0TWE 0} pauiead suly AIeA -0JX0TUX 0} pouteas auly L1oA oL
£ex3 pue Jmq po1oux puw 1070
wMOIY YSipped pue {Aead - uMoaq aep ‘UMOIq YSIppea 0} Ysimorred gng 109
$ou03suoI] Av[D areys 2U03SITIL adAy Mooyg

(*1u0D) 00U AUVINAWIAIS




“STISS0] POIIIOI[Is 918 S80

_.p.Hmﬁo Jepou

SIBWOY

-n1aed mel v *1a9UD JENpoU JO
pesodwoo sxe seroriaed SO J© posodiod aJ® SOISTIABR]
peSpLa poSpra 03 poyid 10 pojuop
: 20BLINgG
0] polusp ‘YIoowWs 63 Ysnoa ‘gloowis ATejeiopowt 0} YSnox
¢ ‘ s oloTHed
poaoyirem ATIUSI[S 03 yso.a] peasyieem ATyIry 0] ysoaj
adeyg
JTemduegns o} Iendue papunoIgqns oj .ﬁm@wmm OTOTTE
snoxod A73431s 03 snogod-uou snoxod Ajouty £11s0309
L SUOIY :paBY L SUOIN pIeyg SSOUPIRY
8§NoeIjtA 01 IThp Aygaes 03 TMp Teysnrg
autirelsiio - ouIie1sAao oITI%o
~0JOTUI 0} poureid surg Axea -=—0J0TW 0} pouread sury AI1oA ﬁm .H.
WMOIC 03 931gm pue ABaS peyl umoxd 01 ABa8 pue 91mm 03 g 1010 _
-jouwt pue {Aeid }aivp 01 UMIPOW poryjow pue ‘Aead ‘ojmm Spng 100
LI9Y) esus(g 12D SNOIOJG odA7, sooyg

(*1u0D) SO0 AUV.INAWAUIES




Détailed Petrography

Petrographic examination was conducted in general conformance with ASTM
C295, "Petrographic Examination of Aggregates for Concrete.'" Representative
portions — 300 particles — of each sieve fraction of the sample were identified
megascopically, along with acid testing and a scratch test for hardness, and
microscopically with a stereomicroscope, Specific gravity and absorption de-
terminations were performed in general accordance with ASTM C127, "Specific
Gravity and Absorption of Coarse Aggregate." Determinations included all ma-
terial analyzed, The following pages confain the rock type descriptions.

W WtV
Geologist

Materials Research Unit




