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Trench 19 
Logged by TSB 
Drafted by PAC 

70' 

15' 

20' 

25' 

60' 

I 

silty sand with gravel: light yellowisn 
brown (2,SY 6/2, dry) to light olive brown 
(2:5Y 5/4, damp); loose; dry to damp; 
n1inor cobbles; massive: very fine pores; 
abundant fine rootlets and roots; 4-6• 
root zone at top; organic rich; incipient 
•e• horizon at base in some areas 

poorly sorted, massive 
sandy gravels (1 OYA 5/6. 
damp, to 10YR 6/4, dry) 

fine to coarse 
laminated sand layer 

fault 

I 
@ :nte~bedded sandy cobbles with gravel and 

t'rrunated and cross-bedded sandy graveI· 
ight gray (2.5Y 7/2, dry) sandy gravel and. 
pale yellow (2.5Y 7/4, dry) sandy cobbles· 
dry to d~mp; medium dense; well-bedded 
:e~e finer grained and poorly sorted; poorly 

d . ed and subangular to subrounded clasts 
dominantly gneissic/granitic in litllology , 

Horizontal and vertical Scale: 1"=5' 

® 

50' 

I 
sandy gravel with cobblos: whito (2.5V S/2 
dry) to pale yellow (2.5Y 7/4, dry); medium, 
dense to loose: dry to damp; generally poorly 
bod~ed and moderately well sorted; occasional 
medium to coarse sand layers and fine gravel 
laye~s; subangular to subrounded clasts 
donlmanlly gneissic/granitic lithology ' 

,t(I NB7W 

40' 

I 

fault -NOSE 54SE 
(along fault plane) 
8-9' apparent vertical 
displacement of contact 
between unils A and B 

possible incipient 
·e· tiorizon LATH 

5" gas main 
(So. Cal. Gas) 

faults 

bedding 
apparent dip r:f 

bedding 
apparent dtp 6"E 

small Pf'Olate pebbles 
and shearing along 
fault planes 

30' 

I 

raun. -NS2E 
36E low-angle normal 
(gravity failure?) 

20' 

I 

bedding 
appamnt dip 3½°W 

IO' 

I 

medium to coarse 
cross-bedded sand 

slightly laminated 
poorly sorted ' 
sandy gravel 

~rly bedded sandy 
gravel with cOObkls: 
pale yellow (2.5Y 7/4) 

ENCLOSURE 6 
TRENCH LOGS 

O' 

Gary S. Rasmussen & Associates, Inc. 

5' 

10' 

15' 

Nitto America Co .. - El Ran7ho Verde Country Club 
Rialto, California 

Project No. 3156.1 
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Trench I 9 (continued) Logged by TSB 
Drafted by PAC 

25' 

30' 

35' 

140' 

• 

130' 

I 

zone of moisture: 
relic pa100s01 

coarse 
sand layer 

120' 

I 
/;:;\ sandy gravel with cobbles: white (2.SY 8/2, 
\V dry) to pale yellow (2.SY 7/4, dry); medium 

dense to loose; dry to damp: generally poorly 
bedded and moderately well sorted; occasional 
medium to coarse sand layers and fine gravel 
layers; subangular to subrounded clasts, 
dominantly gneissic/granitic lilhology 

laminated sandy gravel 
with cobbles 

fault:/ r.:\ 
,,..N26E 70SE, ~ interbedded sandy cobbles with gravel and 
""'1' apparent laminated and cross-becfded sandy gravel: 
vertical displacement light gray (2 SY 7/2, dry) sandy gravel and 

pale yellow (2.SY 7/4, dry) sandy cobblos; 
dry to damp; medium donse; well-bedded 
where riner grained and poorly sorted; poorly 
bedded and subangular to subroundcd clasts 
dominantly gneissicJgranitic in lilllology ' 

25' 

110' 

I 

zone of moisture -
coa.rse sand lonse 
with gravel 

181' 

N87W 

fault: N10W, 
apparent dip 74E 

100' 

I 
(site across trench and 
across portion of bottom 
of trench); 2-4" thick 
zone of prolate clasts 

split and 
rotated 

\ 
\ 

170' 

I 
possible fault: sense 
of displacement maybe 
upon east, difficult to 
correlate units across t>egin to 

Jose bedding 

90' 

I 
10YR 614 (dry) 
1 OYA 5/6 (moiSI) 

160' 

I COclrse sand layer 
in unit 'B' 

poorly sorted, 
fine sandy gravel 
layer in unit B 

80' 

I 

150' 

I 

relic pafeosol 

medium coarso gravel 
(channel deposit) 

poorly sorted fine 
sandy gravel layer 
in unit 'B' 

70' 

140' 

0 

15' 

20' 

25' 

25' 

silty sand with gravel: light yollowish ----------f-'',; 
b 30• 30' rown (2.SY 612., dry) to light olive brown 
(2.-SY 5/4, damp); loose; dry to damp; 
minor cobbles; massive; very fine pores· 
abundant fine rootlets and roots; 4-6" ' 
~o~t zo~e at top; organic rich; incipient 
B horizon at base in some areas 

Horizontal and Vertical Scale: l" = 5' 

35' 

sandy gravel with cobbles: while (2.5Y 812, 
dry) to pale yellow (2.SY 7/4, dry}; medium 
dense to loose; dry to damp; generally poorly 
bedded and moderately well sorted; occasional 
medium to coarse sand layers and fine gravel 
layers; subangular to subrounded clasts, 
dominantly gneissic/qranitic lithology 

~-q-: .~;. ._.c:) }0 •o• • 

/ 

j / laminated sandy 
T graver with cobbles 

bedding medium possible fault N17W 86NE, 
apparent dip 8½0 E sand fracture prolate clast zone 

possible match lense or fault .,c 2-3" wide, ,,,., • annarenl 

on opposite wall 
-N30W 83NE 

slightly roots vertical offset 
yellower 
in color 

unit discoloration 
more diffuse 

ENCLOSURE 6 
TRENCH LOGS 

35' 

Gary S. Rasmussen & Associates, Inc. 
Nitto America Co. - El Rancho Verde Country Club 

Rialto, California 
Project No. 3156.1 
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Logged by TSB 
Drafted by PAG Trench 20 

5' 

15' 

O' 

5' 

10' 

43' 40' 

I 

(';:;\. silty sand with gravol. 
\::.I vary dark grayish brown to 

dark brown (1 OYA 3/2 - 3/3), 
loose, moist, orgarnc rich, 
rootlets throughout, minor 
cobbles (topsoll 'A' horizon) 

30' 

I 

0 
sandy gravel with cobbles: 
light yellowish brown 
(2.SY 6/4); dry; dense; 
laminated and pearly sorted 

Trench 21 

45' 

@/ 
sandy gravel with cobbles· 
white to light gray (2.SY 8f.2-
7/2); damp: modium donse to 
loose; poorly bedded; moderately 
well sorted; minor oxide staining 

40' 

I 

Horizontal and Vertical Scale: I" = 5' 

N67E 

20' 

t>edding 
apparent dip 6"E 

I 
moister but may 
be part of unit 

J N65W 

30' 

I 

strong iron-oxide and 
manganese-oxide staining 
along beds 

0 

10' 

I 

20' 

I 

sandy gravel with cobbles: pale 
yellow (1 OYA 7/3); bedded and 
laminated; moderately well sorted· 
interboodod sandy cobbkl ~yers ~tlh 
gravel and laminated sandy gravel 
~ayers ~lrongty stained by orange 
1ron oxido and rod manganese oxide 

O' 

O' 

5' 5' 

10' IO' 

15' 

20' 

O' 

5' 

10' 

Trench 22 

21' 10' 

I 

I':'\. gravellt,i sand intcrbedded with 
'C!.I sandy gravel: light olive brown 

to light yellowish brown (2.SY 
5/4-6/4); manganese-oxide and 
iron-oxide staining; minor cobbles 

N86E ,.,_ 

ENCLOSURE 6 
TRENCH LOGS 

O' 

Gary S. Rasmussen & Associates Inc 
Nitto America Co .. - El Rancho Verde Count~y Club 

Rial to, California 
Project No. 3156.1 
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Lo5ged by JI''. 
Scale: 

0 

5 

10 

15 

0 

5 

1 

0 10 
20 
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~·.· ••:· ----.-... _. 

~,42E 

Lath TIA 

70 

--~ -~ ~ ---- ....,...... _;;:::::-
89 
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6ZNE 

)152:£ 
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10 

DISTURBED ZONE -
ROTATIOt-1 OF PROLATE. 
CLA5TS. 
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40 

50 
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-w-­

~~;CLOS!iP.E 4 
GA.'ff S. RASc'IJSSE''. & ASSOC IA,ES, INC. 
Trencl~ Logs 

City of ~ialto Frisbie Park 
Rialto, California, Project ~o. 2057 

60 70 

;- ------td- - -~~~~~~~ 
10 

/\ 
Rend 

a 
R: 

Unit 

1. 

2. 

3. 

4. 

5. 

6. 

"' ,.,. a-· ... c:;::.. 'o • .. . , •• o, • •·•• -ll' •· • • • g, • D· .o • .•~ .•• ~ ,. .... , ... ,,: • .._. •' it•·.•·•. ---. 

N52E 

General Description of Units 

Gravels and cobbles~ medium to coarse sand matriK, few coarse sand 
lenses, slightly consolidated. 

Silty sands~ medium to coarse with few gravel lenses, laminated to 
thin bedded, abundant cross-beds, slightl,~ consolidated, occasional 
dark, m!caceous, highly weatheted cobbles. 

5 

20 

Gravels, medium to coarse sand matrix~ minor cobbles and boulderst lenses of coarse 
sands and darker lenses of coatse silty sands Pith minor amounts of clay. 
Slightly consolidated. 

Coarse sands and pebbles with minor amounts of clay, slightly consolidated. 

Gravels, well graded~ unconsolidated. 

Fill 



I Logged by JJM Scale: 1"=5r 

I 
I 
I 
I 
I 
I 
I N49E 

I 
70 80 90 1 0 

I 
0 

I 
5 

I 
I 10 

I N49E 

I 
I 
I 
I 

40 50 

Lath T2A 

110 
120 124 

PJ38W 

0 

60 

P<>:SS•6LE. 
TEOJSIOt"AL 
FRAc.TUl<E-5 

70 

0 

5 

10 

Overlap with 
Trench 1 

5 

10 

ENCLOSURE 4 
GARY S. RASMUSSEN & ASSOCIATES, INC. 
Trench Logs 
City of Rialto - Frisbie Park 
Rialto, California - Project No. 2057 



I Logged by J.P! Scale: 
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I N45E 

I 
I 
I 
I 
I 
I 
I 
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Lath TJA 

fJ 45 W 
70 l<JE 
APP,0.R£f,JT VER.TICA!.. 
OFFSE.T II' 

0 

5 

lCI 

ENCLOSCRE 4 
GARY S. RASMUSSEN & ASSOCIATES, I~C. 
Trench Logs - City of Rialto - Frisbie Par 
Rialto, California-Project No. 2057 



STATION NOS. 0+80 
IN METERS 
STATION NOS. 
IN FEET 

2+60 

0+70 

2+40 2+20 

0+60 

2+00 

0+50 

1+80 

BONE SAMPLE NO._ 1 

-'---------- --- ---------

1+60 1+40 . 

14c-2 
( 595 ± 55 YEARS) 

FT-4 

N39°E 
NOIRTHWEST 

VY__ALL 

0+40 

1+20 

9+30 

1+00 

Qal1a 

0+80 

0+20 I_. 

0+60 

A SOIL HORIZON SNAIL SHELL 

1 ,__ ' --

0+10 0+00 0-05 

. 0+40, _ 0+.i!O 0+00 
SILTY FINE SAND, SOME MEDIUM SAND GRAINS, >5% FINE GRAVEL, 
DARK GRAYISH BROWN (2.5Y 4/2) WHEN MOIST, MOIST, DENSE; PROBABLE PALEOSURFACE. 

~"~~ t:~~;t~~;:_,,0 

___ \_ •• _:g_·_~_ti~t~:), : ••-•· • •• • ·- · ·· -'· ~ _; ~,¥: .. ';°:lk 
C, • • • ' : ". 0 

.• :-·: .:·.·---· .• ... -.: -.- • . . - . . . . .. . .. - .. ".•,- ,-.·,:,:·- -- .... '. . . ._ ..... ; :.-: ·_:: :.·._:·-:·:-,:_.·._ ... '.:.,: ·.'· :_:: .·.•_,._ ·.•. . . -,·,,,. ,. .. --· 

·-·~:·.\~·;:~·;·. SPOILS PILE 

HORIZONTAL AND VERTICAL SCALE 

0 10 20 
~I ~--""""1-;;;;,;.~~---~i FEET 

0 5 
~"""'--;;,;;~"!""i~~"""" METERS 

NOTE: 
AGE OF ORGANIC CARBON SAMPLES ARE REPORTED 
AS C-13 ADJUSTED, RADIOCARBON YEARS BEFORE 
1950 A.D, 

Logged By: REUMCH/TKG 
Date': 5/4/94-5/5/94 

FACIES 
CHANGE 

SPOILS PILE 
FINING DOWNWARD SAND UNIT 14c-3 

(935 ±55 YEARS) 14c-1 

CHANNEL SAND GRADES TO SILTY 
SAND TO THE SOUTHWEST 

GENERALPALEOCURRENTTREND 
N70°VI' PALEOCURRENTTREND 

N83°W 

GRADATIONAL CONTACT FINE TO 
MEDIUM SAND, FINING UPWARD 

THIS CHANNEL PRESENT 
IN OPPOSITE WALL 

SILTY F'INE TO MEDIUM SAND, BROWN (10YR 5/3, 
DAMP TO MOI_ST, DENSE; FRIABLE, <5% BIOTITE, 
FEW SCATTERED PEBBLES PALEOCURRENTTREND 

N7°W 

STEEPLY DIPPING CROSS-BEDDING 
TOPPED BY ANGULAR UNCONFORMITY 

FINE TO MEDIUM SAND, SOME COARSE GRAINS, PALE 
BROWN TO LIGHT YELLOWISH BROWN (10YR 6/3.5) 
WHEN MOIST, MOIST, DENSE; MASSIVE, ANGULAR TO 

LATERALLY CONTINUOUS 
SAND UNDER CHANNEL 

PALEOCURRENTTREND 
N72°W - SUBANGULAR GRAINS, SbME IRON OXIDE STAINING 

GRAVELLY FINE TO COARSE SAND, LIGHT BROWNISH GRAY 
(10YR 6/2), DRY TO DAMP, DENSE: FRIABLE, MINOR BIOTITE, 
SCA TIERED PEBBLES AND COBBLES (2-4" DIAMETER) SILTY FINE TO MEDIUM SAND, YELLOWISH 

BROWN (10YR 5/4), DAMP TO MOIST, DENSE; 
FRIABLE, SOME YELLOWISH-RED IRON OXIDE 
STAINING -

GENERALIZED STRATIGRAPHIC DESCRIPTIONS 

A SOIL HORIZON: 
FINE TO MEDIUM SANDY LOAM, brown (10YR 5/3) when moist, pale brown (10 YR 6/3) when dry, massive 
breaking to weak fine to medium subangular blocky structure, soft to loose whe~ dry, very friable to loose 
when wet, non-sticky, non-plastic, no clay films observed, many fine roots and rootle_ts. 

OLDER ALLUVIUM (Qai 1a): 
Fining upward sequence of trough cross-bedded and planar bedded sands locally incised by fining upward 
gravelly sand channels with a pebbly basal lag. Entire section is capped by the modern A soil horizon 
described above. , 

OLDER ALLUVIUM (Qal~b): 
Fining upward sequences of channel lag cobbles, trough cross-bedded gravelly sand channel infilling and 
minor silty sand sections infilling abandoned channels. Unit is locally capped by a massive silty sand deposit 
that probably represents a weekly developed buried A soil horizon, indicating a brief period of non-deposition 
and soil development (a paleosurface) between deposition of the two older alluvial deposits exposed. 
Laterally continuous units are described above, 

PALEOCURRENTTREND 
N67°W ,_ 

INCREASINGLY SANDIER (LESS GRAVEL) 
IN SOUTHWEST DIRECTION 

I 
FINE TO MEDIUM SAND, LIGHT GRAY (10YR 7/2), 
DRY TO DAMP, DENSE; FRIABLE, MINOR BIOTITE, 
<3% PEBBLES (0.5-1" DIAMETER) 

GEOLOGIC LOG OF TRENCH FT-4, 
STATE ROUTE 30, SEGMENT 10, 
RIAL TO AND SAN BERNARDINO, 

., CALIFORNIA -- ---

PLATE 3 

Proj.: 6930403-03 Scale: As Shown Date: 5/22/95 _ 
Engineer/Geologist: GEM/EMG brafting By: !ah 

LEIGHTON AND ASSOC/A TES, INC. 



0
+

0

0
+

0
5

0
+

1
0

0
+

1
5

0
+

2
0

0
+

2
5

0
+

3
0

0
+

3
5

0
+

4
0

0
+

4
5

0
+

5
0

0
+

5
5

0
+

6
0

0
+

6
5

0
+

7
0

0
+

7
5

0
+

8
0

0
+

8
5

0
+

9
0

0
+

9
5

1
+

0
0

1
+

0
5

1
+

1
0

1
+

1
5

1
+

2
0

1
+

2
5

1
+

3
0

1
+

3
5

1
+

4
0

1
+

4
5

1
+

5
0

1
+

5
5

1
+

6
0

0

(FT)

15

20

Qal

1

Qal

1

Qal

1

Qal

2

Qal

2

Qal

2

Qal

2

Qal

3

Qal

5

Qal

3

Qal

3

Qal

3

Qal

9

Qal

9

Qal

6

Qal

14

Qal

15

Qal

22
Qal

20

Qal

21

Qal

22

Qal

25

Qal

29

Qal

28

Qal

5

Qal

34

Qal

32

Qal

28

Qal

27

Qal

25

Qal

21

Qal

21

Qal

22

Qal

29

Qal

26

Qal

20

Qal

6

Qal

7

Qal

13

Qal

14

Qal

15

Qal

18

Qal

19

Qal

22

Qal

22

Qal

21

Qal

21

Qal

21

Qal

20

Qal

29

Qal

29

Qal

28

Qal

25

Qal

27

Qal

21

Qal

21

Qal

22

Qal

24

Qal

27

Qal

26

Qal

26

Qal

27

Qal

27

Qal

27

Qal

30

Qal

30

Qal

25

Qal

21

Qal

5

Qal

6

Qal

9

Qal

12

Qal

10

Qal

14

Qal

13

Qal

15

Qal

18

Qal

21

Qal

21

Qal

24

Qal

22

Qal

24

Qal

21

Qal

21

Qal

21

Qal

25

Qal

25

Qal

27

Qal

30

Qal

32

Qal

34

Qal

34

Qal

33

Qal

31

Qal

27

Qal

34

Qal

21

Qal

21

Qal

23

Qal

5

Qal

6

Qal

9

Qal

10

Qal

14

Qal

14

Qal

17

Qal

21

Qal

21

Qal

25

Qal

22

Qal

30

Qal

34

Qal

35

Qal

20

Qal

20

Qal

21

Qal

23

Qal

33

Qal

23

Qal

34

Qal

1

Qal

2

Qal

9

Qal

14

Qal

22

Qal

28

Qal

25

Qal

29

Qal

28

Qal

22

Qal

15

Qal

2

Qal

3

Qal

1

Qal

5

Qal

6

Qal

39

Qal

19

Qal

1

Qal

2

Qal

9

Qal

24

Qal

18

Qal

25

BENCH

BENCH

BENCH

BENCH

5

10

Obstruction

Obstruction

Obstruction

Obstruction

Obstruction

1
+

6
0

1
+

6
5

1
+

7
0

1
+

7
5

1
+

8
0

1
+

8
5

1
+

9
0

1
+

9
5

2
+

0
0

2
+

0
5

2
+

1
0

2
+

1
5

2
+

2
0

2
+

2
5

2
+

3
0

2
+

3
5

2
+

4
0

2
+

4
5

2
+

5
0

2
+

5
5

2
+

6
0

2
+

6
5

2
+

7
0

2
+

7
5

2
+

8
0

2
+

8
5

2
+

9
0

2
+

9
5

3
+

0
0

3
+

0
5

3
+

1
0

3
+

1
5

3
+

2
0

Qal

1

Qal

1

Qal

1

Qal

1

Qal

2

Qal

2

Qal

3

Qal

6

Qal

3

Qal

13

Qal

20

33

Qal

24

Qal

30

Qal

25

Qal

28

Qal

27

Qal

23

Qal

21

Qal

21

Qal

21

Qal

22

Qal

12

Qal

18

Qal

33

Qal

34

Qal

6

Qal

9

Qal

10

Qal

12

Qal

18

Qal

10

Qal

7

Qal

8

Qal

5

Qal

21

Qal

20

Qal

23

Qal

21

Qal

25

Qal

20

Qal

20

Qal

20

Qal

30

Qal

30

Qal

29

Qal

35

Qal

35

Qal

30

Qal

30

Qal

34

Qal

34

Qal

34

Qal

34

Qal

29

Qal

22

Qal

21

Qal

21

Qal

22

Qal

21

Qal

2

Qal

3

Qal

5

Qal

8

Qal

9

Qal

18

Qal

22Qal

20
Qal

20

Qal

20

Qal

20

Qal

21

Qal

20

Qal

20

Qal

25

Qal

30

Qal

29

Qal

33

Qal

33

Qal

34

Qal

36

Qal

30

Qal

22

Qal

21

Qal

26

Qal

26

Qal

26

Qal

27

Qal

24

Qal

30

Qal

30

Qal

34

Qal

5

Qal

6

Qal

9

Qal

14

Qal

13

Qal

8

Qal

9

Qal

11

Qal

18

Qal

18

Qal

18

Qal

22

Qal

22

Qal

20

Qal

21

Qal

20

Qal

21

Qal

21

Qal

22

Qal

28

Qal

29

Qal

26

Qal

31

Qal

33

Qal

26

Qal

21

Qal

21

Qal

21

Qal

23

Qal

22

Qal

24

Qal

20

Qal

20

Qal

28

Qal

34

Qal

16

Qal

22

Qal

33

Qal

1

Qal

9

Qal

22

Qal

33

Qal

1

Qal

2

Qal

23

Qal

30

Qal

25

Obstruction

Obstruction

Obstruction

Obstruction

3
+

2
5

3
+

3
0

3
+

3
5

3
+

4
0

3
+

4
5

3
+

5
0

3
+

5
5

3
+

6
0

3
+

6
5

3
+

7
0

3
+

7
5

3
+

8
0

3
+

8
5

3
+

9
0

Qal

1

Qal

2

Qal

3

Qal

4

Qal

5

Qal

6

Qal

8

Qal

9

Qal

12

Qal

11

Qal

12

Qal

16

Qal

18

Qal

22

Qal

21

Qal

21

Qal

22

22

Qal

23

Qal

26

Qal

34

Qal

23

Qal

21

Qal

10

Qal

21

Qal

1

Qal

2

Qal

3

Qal

4

Qal

5

Qal

3

Qal

6

Qal

8

3
+

9
5

4
+

0
0

4
+

0
5

4
+

1
0

4
+

1
5

4
+

2
0

4
+

2
5

4
+

3
0

Qal

3

Qal

3

Qal

3

Qal

3

Qal

5

Qal

5

Qal

4

Qal

4

Qal

8

Qal

8

Qal

6

Qal

6

Qal

9

Qal

12

Qal

9

Qal

9

Qal

16

Qal

18
Qal

18

Qal

22

Qal

22

Qal

22

Qal

22

Qal

34

Qal

34

Qal

26

Qal

26

Qal

34

Qal

23

Qal

23

Qal

23

Qal

33

Qal

36

Qal

37

Qal

36

Qal

37

Qal

33

0

5

10

15

20

(FT)

2
2
8
8
5
 
S
a
v
i
 
R
a
n
c
h
 
P
a
r
k
w

a
y

S
u
i
t
e
 
E

Y
o
r
b
a
 
L
i
n
d
a
,
 
C
A
 
 
 
9
2
8
8
7

P
h
o
n
e
:
 
(
7
1
4
)
 
6
8
5
-
1
1
1
5

F
a
x
:
 
 
(
7
1
4
)
 
 
6
8
5
-
1
1
1
8

w
w

w
.
s
o
c
a
l
g
e
o
.
c
o
m

P
L
A
T
E

B
-
1

T
R

E
N

C
H

 
T

-
1

P
R

O
P

O
S

E
D

 
C

O
M

M
E

R
C

I
A

L
/
I
N

D
U

S
T

R
I
A

L
 
B

U
I
L

D
I
N

G

R
I
A

L
T

O
,
 
C

A
L

I
F

O
R

N
I
A

S
C

A
L

E
:
 
1

"
 
=

 
5

'

S
C

G
 
P

R
O

J
E

C
T

2
0

G
2

3
4

-
2

D
R

A
W

N
:
 
 
D

R
K

C
H

K
D

:
 
 
R

G
T

M
A

T
C

H
 
L
I
N

E

M
A

T
C

H
 
L
I
N

E

M
A

T
C

H
 
L
I
N

E

M
A

T
C

H
 
L
I
N

E

Qal

1

 - Gray Brown Silty fine to medium Sand, little coarse Sand, little fine Gravel, some trace fine root fibers, loose - damp

Qal

2

 - Light Gray fine Sand, trace to little medium to coarse Sand, little Iron oxide staining, loose - dry to damp

Qal

3

 - Light Gray Silty fine Sand, trace fine root fibers, porous, loose to damp

Qal

4

 - Light Gray fine Sandy Silt, porous, loose - damp

Qal

5

 - Light Gray Brown fine Sand, trace medium to coarse Sand, trace fine Gravel, loose - dry

Qal

6

 - Brown Silty fine Sand, pourous, loose - damp

Qal

7

 - Gray Brown fine to coarse Sand, trace to little Iron oxide staining, loose - dry

Qal

8

 - Gray to Gray Brown fine Sandy Silt, trace to little calcarous veins, porous, loose - damp

Qal

9

 - Light Gray Brown Silty fine to coarse Sand, trace fine to coarse Gravel, occasional Cobbles, loose - dry to damp

Qal

10

 - Brown Silty fine Sand, loose - damp

Qal

11

 - Gray fine Sandy Silt, little calcarous veins, porous, loose - dry to damp

Qal

12

 - Gray fine to coarse Sand, some fine to coarse Gravel, occasional Cobbles, loose - dry

Qal

13

 - Gray Brown fine to coarse Sand, trace fine Gravel, loose - dry

Qal

14

 - Gray Brown fine Sand, little Iron oxide staining, loose - dry

Qal

15

 - Light Gray Gravelly fine to coarse Sand, occasional Cobbles, loose to medium dense - dry to damp

Qal

16

 - Light Gray fine Sandy Silt, porous, medium dense - dry

Qal

17

 - Gray fine to coarse Sand, little fine to coarse Gravel, loose - dry

Qal

18

 - Brown to Gray Brown Silty fine Sand, loose to medium dense - damp

Qal

19

 - Brown Silty fine to coarse Sand, trace fine to coarse Gravel, loose - damp

Qal

20

 - Brown Silty fine Sand, loose - damp

Qal

21

 - Light Gray  fine to coarse Sand, little fine to coarse Gravel, loose to medium dense - dry

Qal

22

 - Light Gray fine Sand, trace to medium to coarse Sand, trace fine Gravel, little Iron oxide staining, loose to medium dense - damp

Qal

23

 - Brown Silty fine Sand, loose - damp

Qal

24

 - Light Gray Brown fine to coarse Sand, little fine to coarse gravel, medium dense - damp

Qal

25

 - Brown Silty fine Sand, medium dense - damp

Qal

26

 - Gray Gravely fine to coarse Sand, occasional to extensive Cobbles, medium dense - damp

Qal

27

 - Gray fine to medium Sand, trace coarse Sand, trace fine Gravel, medium dense - dry

Qal

28

 - Gray Gravelly fine to coarse Sand, occasional Cobbles, medium dense - dry

Qal

29

 - Light Gray fine to coarse Sand, trace fine to coarse Gravel, medium dense - dry

Qal

30

 - Brown Silty fine Sand, medium dense - damp

Qal

31

 - Gray fine to coarse Sand, medium dense - dry

Qal

32

 - Light Gray Gravelly fine to coarse Sand, extensive Cobbles, medium dense - dry

Qal

33

 - Gray fine Sand, medium dense - dry

Qal

34

 - Gray Gravelly fine to coarse Sand, extensive Cobbles, medium dense - dry

Qal

35

 - Gray fine Sand, trace medium to coarse Sand, trace fine Gravel, medium dense - dry

Qal

36

 - Light Gray fine Sand, trace medium Sand, little Silt, little Iron oxide Staining, loose - damp

Qal

37

 - Light Gray fine Sand, trace Silt, little Iron oxide staining, loose - dry

-
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Af - Gray Brown to Brown fine Sand to Silty fine Sand, trace medium to coarse Sand, mottled, roots,debris loose - damp

Qal

1

 - Brown Silty fine Sand, trace medium to coarse Sand, loose - dry to damp

Qal

2

 - Light Gray Gravelly fine to coarse Sand, occasional to extensive Cobbles, loose - dry

Qal

3

 - Gray Silty fine to coarse Sand, trace to little fine to coarse Gravel, loose - dry

Qal

4

 - Light Gray fine Sand, trace medium to coarse Sand, trace fine to coarse Gravel, loose - dry

Qal

5

 -  Dark Gray Brown Silty fine Sand, loose - dry to damp

Qal

6

 - Gray Brown fine Sand, trace to little medium to coarse Sand, little Iron oxide staining, loose - dry

Qal

7

 - Light Gray fine to coarse Sand, loose - dry

Qal

8

 - Light Gray fine to medium Sand, little coarse Sand, trace fine to coarse Gravel, occasional Cobbles, loose - dry

Qal

9

 - Gray fine to coarse Sand, little fine to coarse Gravel, occasional Cobbles, loose - dry

Qal

10

 - Gray Brown fine to medium Sand, trace coarse Sand, little Silt, loose - dry to damp

Qal

11

 - Light Gray fine Sand, little medium to coarse Sand, trace fine to coarse Gravel, loose - dry

Qal

12

 - Gray fine Sandy Silt, trace calcareous veining, loose to medium dense - damp

Qal

13

 - Gray Brown Silty fine Sand, loose to medium dense - damp

Qal

14

 - Light Gray fine Sand, little Iron oxide staining, loose - dry

Qal

15

 - Gray Brown Silty fine Sand, little Iron oxide staining, trace Calcareous nodules, loose - dry

Qal

16

 - Light Gray Gravelly fine to coarse Sand, loose - dry

Qal

17

 - Light Gray Brown fine Sand, trace medium to coarse Sand, little Iron oxide staining, loose - dry

Qal

18

 - Light Gray Brown Silty fine Sand, trace medium to coarse Sand, trace fine Gravel, medium dense - damp

Qal

19

 - Light Gray Brown fine to medium Sand, trace coarse Sand, little Iron oxide staining, loose - damp

Qal

20

 - Light Gray fine Sand, extensive Iron oxide staining, loose - dry to damp

Qal

21

 - Gray fine to coarse Sand, little fine to coarse Gravel, medium dense - dry

Qal

22

 - Gray fine Sand, little Iron oxide staining, medium dense - dry

Qal

23

 - Brown Silty fine Sand, loose to medium dense - damp

Qal

24

 - Gray fine to coarse Sand, little fine to coarse Gravel, medium dense - damp

Qal

25

 - Light Gray fine Sand, laminated, Iron oxide staining, loose - dry

Qal

26

 - Gray Brown Silty fine to coarse Sand, little fine to coarse Gravel,

occasional Cobbles, loose - dry to damp

Qal

27

 - Light Gray fine Sand, little Iron oxide staining, loose - dry to damp

Qal

28

 - Gray Gravelly fine to coarse Sand, extensive Cobbles, loose - dry

Qal

29

 - Light Gray Brown Gravelly fine to coarse Sand, extensive Cobbles, loose - dry

Qal

30

 - Light Gray Brown fine Sandy Silt, slightly porous, trace organics, medium dense - dry

Qal

31

 - Light Gray fine to medium Sand, little coarse Sand, little fine to coarse Gravel, loose - dry

Qal

32

 - Gray Brown Silty fine to coarse Sand, little Iron oxide staining, loose - dry

Qal

33

 - Light Brown fine Sand, trace to little medium to coarse Sand, little Silt,

little Iron oxide Staining, loose - damp

Qal

34

 - Light Gray Brown Silty fine Sand, little Iron oxide Staining. loose - damp

Qal

35

 - Light Gray fine to medium Sand, trace coarse Sand, loose - dry

Qal

36

 - Light Gray Gravelly fine to coarse Sand, extensive Cobbles, loose - dry

Qal

37

 - Light Gray fine to coarse Sand, little Iron oxide staining, loose - dry

Qal

38

 - Light Gray Brown Silty fine Sand, little Iron oxide staining, loose - damp

Qal

39

 - Light Gray fine to medium Sand, trace coarse Sand, little Iron oxide staining, loose - damp

Qal

40

 - Light Gray Brown Silty fine Sand, little Iron oxide staining, loose - damp to moist

Qal

41

 - Gray Brown Silty fine to coarse Sand, trace fine to coarse Gravel, loose - dry

Qal

42

 - Gray Brown Gravelly fine to coarse Sand, extensive Cobbles, loose - dry

Qal

43

 - Light Gray fine to coarse Sand, trace fine Gravel, loose - dry

Qal

44

 - Light Gray Brown fine Sand, trace medium Sand, little Silt, little Iron oxide

staining, loose- damp

Qal

45

 - Light Gray Brown Silty fine Sand, trace medium Sand, little Iron oxide staining

medium dense - dry

Qal

46

 - Light Gray Gravelly fine to coarse Sand, occasional Cobbles, trace Iron oxide

staining, loose - dry

Qal

47

 - Light Gray fine Sand, little Iron oxide staining, loose - dry

Qal

48

 - Light Gray Brown fine Sand, trace Silt, little Iron oxide staining, loose - damp
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Af - Gray Brown to Brown fine Sand to Silty fine Sand, trace medium to coarse Sand, mottled, roots,debris loose - damp

Qal

1

 - Brown Silty fine Sand, trace medium to coarse Sand, loose - dry to damp

Qal

2

 - Light Gray Gravelly fine to coarse Sand, occasional to extensive Cobbles, loose - dry

Qal

3

 - Gray Silty fine to coarse Sand, trace to little fine to coarse Gravel, loose - dry

Qal

4

 - Light Gray fine Sand, trace medium to coarse Sand, trace fine to coarse Gravel, loose - dry

Qal

5

 -  Dark Gray Brown Silty fine Sand, loose - dry to damp

Qal

6

 - Gray Brown fine Sand, trace to little medium to coarse Sand, little Iron oxide staining, loose - dry

Qal

7

 - Light Gray fine to coarse Sand, loose - dry

Qal

8

 - Light Gray fine to medium Sand, little coarse Sand, trace fine to coarse Gravel, occasional Cobbles, loose - dry

Qal

9

 - Gray fine to coarse Sand, little fine to coarse Gravel, occasional Cobbles, loose - dry

Qal

10

 - Gray Brown fine to medium Sand, trace coarse Sand, little Silt, loose - dry to damp

Qal

11

 - Light Gray fine Sand, little medium to coarse Sand, trace fine to coarse Gravel, loose - dry

Qal

12

 - Gray fine Sandy Silt, trace calcareous veining, loose to medium dense - damp

Qal

13

 - Gray Brown Silty fine Sand, loose to medium dense - damp

Qal

14

 - Light Gray fine Sand, little Iron oxide staining, loose - dry

Qal

15

 - Gray Brown Silty fine Sand, little Iron oxide staining, trace Calcareous nodules, loose - dry

Qal

16

 - Light Gray Gravelly fine to coarse Sand, loose - dry

Qal

17

 - Light Gray Brown fine Sand, trace medium to coarse Sand, little Iron oxide staining, loose - dry

Qal

18

 - Light Gray Brown Silty fine Sand, trace medium to coarse Sand, trace fine Gravel, medium dense - damp

Qal

19

 - Light Gray Brown fine to medium Sand, trace coarse Sand, little Iron oxide staining, loose - damp

Qal

20

 - Light Gray fine Sand, extensive Iron oxide staining, loose - dry to damp

Qal

21

 - Gray fine to coarse Sand, little fine to coarse Gravel, medium dense - dry

Qal

22

 - Gray fine Sand, little Iron oxide staining, medium dense - dry

Qal

23

 - Brown Silty fine Sand, loose to medium dense - damp

Qal

24

 - Gray fine to coarse Sand, little fine to coarse Gravel, medium dense - damp

Qal

25

 - Light Gray fine Sand, laminated, Iron oxide staining, loose - dry

Qal

26

 - Gray Brown Silty fine to coarse Sand, little fine to coarse Gravel,

occasional Cobbles, loose - dry to damp

Qal

27

 - Light Gray fine Sand, little Iron oxide staining, loose - dry to damp

Qal

28

 - Gray Gravelly fine to coarse Sand, extensive Cobbles, loose - dry

Qal

29

 - Light Gray Brown Gravelly fine to coarse Sand, extensive Cobbles, loose - dry

Qal

30

 - Light Gray Brown fine Sandy Silt, slightly porous, trace organics, medium dense - dry

Qal

31

 - Light Gray fine to medium Sand, little coarse Sand, little fine to coarse Gravel, loose - dry

Qal

32

 - Gray Brown Silty fine to coarse Sand, little Iron oxide staining, loose - dry

Qal

33

 - Light Brown fine Sand, trace to little medium to coarse Sand, little Silt,

little Iron oxide Staining, loose - damp

Qal

34

 - Light Gray Brown Silty fine Sand, little Iron oxide Staining. loose - damp

Qal

35

 - Light Gray fine to medium Sand, trace coarse Sand, loose - dry

Qal

36

 - Light Gray Gravelly fine to coarse Sand, extensive Cobbles, loose - dry

Qal

37

 - Light Gray fine to coarse Sand, little Iron oxide staining, loose - dry

Qal

38

 - Light Gray Brown Silty fine Sand, little Iron oxide staining, loose - damp

Qal

39

 - Light Gray fine to medium Sand, trace coarse Sand, little Iron oxide staining, loose - damp

Qal

40

 - Light Gray Brown Silty fine Sand, little Iron oxide staining, loose - damp to moist

Qal

41

 - Gray Brown Silty fine to coarse Sand, trace fine to coarse Gravel, loose - dry

Qal

42

 - Gray Brown Gravelly fine to coarse Sand, extensive Cobbles, loose - dry

Qal

43

 - Light Gray fine to coarse Sand, trace fine Gravel, loose - dry

Qal

44

 - Light Gray Brown fine Sand, trace medium Sand, little Silt, little Iron oxide

staining, loose- damp

Qal

45

 - Light Gray Brown Silty fine Sand, trace medium Sand, little Iron oxide staining

medium dense - dry

Qal

46

 - Light Gray Gravelly fine to coarse Sand, occasional Cobbles, trace Iron oxide

staining, loose - dry

Qal

47

 - Light Gray fine Sand, little Iron oxide staining, loose - dry

Qal

48

 - Light Gray Brown fine Sand, trace Silt, little Iron oxide staining, loose - damp
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Appendix C 
 

S-1 - Seismic Refraction Survey  
(by Terra Geosciences, 2021) 
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December 18, 2020 
 
 
 
Tetra Tech BAS, Inc.  
21700 Copley Drive, #200  
Diamond Bar, California 91765  
 
Attention: Mr. Jeffrey Williams, Controller 
 
Regarding: Proposal for Seismic Refraction Survey 
  Vulcan Materials Project 
  20350 East Highland Avenue 
  Rialto, San Bernardino County, California 
 
 
 

INTRODUCTION 
 
As requested, we have prepared this proposal for the above-referenced site.  We 
understand that subsurface seismic data is being requested for the Vulcan Materials 
project, in Rialto, California.  The purpose of the seismic refraction survey will be to 
assess the general seismic velocity characteristics of the underlying earth materials that 
will aid in evaluating the subsurface geologic structure and associated seismic velocity 
distribution. 
 
The seismic refraction method is used to estimate the layering, structure, and seismic 
acoustic velocities of subsurface horizons.  Seismic waves travel down and through the 
soils and rocks, and when the wave encounters a contact between two earth materials 
having different velocities, some of the wave's energy travels along the contact at the 
velocity of the lower layer.  The fundamental assumption is that each successively 
deeper layer has a velocity greater than the layer immediately above it.  This assump-
tion is satisfied in most field applications.  As the wave travels along the contact, some 
of the wave's energy is refracted toward the surface where it is detected by a series of 
motion-sensitive transducers (geophones).  The arrival time of the seismic wave at the 
geophone locations can be related to the underlying stratigraphic/lithologic conditions, in 
addition to any geologic structures that may be related to subsurface faulting.   
 
 

Consulting Engineering Geology & Geophysics 
——————————————————————————————————————————————————————— 

P.O. Box 1090 • Loma Linda, CA  92354 • 909-796-4667 

TERRA 
GEOSCIENCES 
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SCOPE OF WORK 

 
Based on the above information, the scope of our work will include: 
 
 Review of available published and unpublished geologic/geophysical data in our files 

pertinent to the site. 
 
 Perform a total of five 24-channel seismic refraction survey lines (with 11-foot 

geophone spacings), that will be overlapped to create one 1,067 long continuous 
subsurface profile, which will in turn provide subsurface imaging to a depth of at least 
80± feet.  

 
 Processing of the acquired field data including preparation of the supportive seismic 

image profile and a map showing the location of our seismic survey traverse. 
 
 Preparation of a final report presenting our findings with respect to the subsurface 

structure and seismic velocity distribution of the underlying earth materials locally. 
 

Provided on Figure 1 below, is a Google Earth image, showing the location of the 
proposed seismic traverse, as discussed with you.  At this time, we are proposing five 
overlapped survey lines to provide one long continuous high-resolution subsurface 
profile, that should image down to depths of at least 80± feet.  
 

  
FIGURE 1- CUP Map showing the proposed 1,067-foot long seismic survey line (red). 
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Carbon Dating Results by Beta Analytic (2021) 
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February 16, 2021

Mr. Shawn Morrish

Tetra Tech

21700 Copley Drive

Diamond Bar, CA 91765 

United States

RE: Radiocarbon Dating Results

Dear Mr. Morrish,

Enclosed is the radiocarbon dating result for one sample recently sent to us. As usual, specifics of the analysis are listed on 

the report with the result and calibration data is provided where applicable.  The Conventional Radiocarbon Age has been 

corrected for total fractionation effects and where applicable, calibration was performed using 2013 calibration databases (cited 

on the graph pages).

The web directory containing the table of results and PDF download also contains pictures, a cvs spreadsheet download 

option and a quality assurance report containing expected vs. measured values for 3-5 working standards analyzed 

simultaneously with your samples.

The reported result is accredited to ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 standards and all pretreatments 

and chemistry were performed here in our laboratories and counted in our own accelerators here in Miami. Since Beta is not a 

teaching laboratory, only graduates trained to strict protocols of the ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 

program participated in the analysis.  

As always Conventional Radiocarbon Ages and sigmas are rounded to the nearest 10 years per the conventions of the 1977 

International Radiocarbon Conference. When counting statistics produce sigmas lower than +/- 30 years, a conservative +/- 30 

BP is cited for the result unless otherwise requested.  The reported d13C was measured separately in an IRMS (isotope ratio 

mass spectrometer).  It is NOT the AMS d13C which would include fractionation effects from natural, chemistry and AMS 

induced sources.

When interpreting the result, please consider any communications you may have had with us regarding the sample.  As 

always, your inquiries are most welcome.  If you have any questions or would like further details of the analysis, please do not 

hesitate to contact us.

Thank you for prepaying the analysis. As always, if you have any questions or would like to discuss the results, don’t 

hesitate to contact us.

Sincerely,

Chris Patrick

Vice President of Laboratory Operations

Page 1 of 3
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Beta Analytic, Inc. 
4985 SW 74th Court 
Miami, FL33155 USA 
Tel:305-667-5167 
Fax: 305-663-0964 
i nfo@beta la bservices.com 



Shawn Morrish

Tetra Tech

February 16, 2021

February 03, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

1999 - 2002 cal  AD

1956 - 1957 cal  AD

(87.9%)

(  7.5%)

Beta - 583698 C-1 -27.2 o/oo IRMS δ13C:108.70 +/- 0.41 pMC

(-50 - -53 cal  BP)

(-7 - -8 cal  BP)

Submitter Material: Woody Material

(wood) acid/alkali/acidPretreatment:

WoodAnalyzed Material:

Analysis Service: AMS-Standard delivery

Conventional Radiocarbon Age:

86.98 +/- 4.06 o/oo

(without d13C correction): 108.20 +/- 0.41 pMC

77.69 +/- 4.06 o/oo (1950:2021)

D14C:

∆14C:

-670 +/- 30 BP

1.0870 +/- 0.0041

BetaCal4.20: HPD method: INTCAL13 + NHZ2

Raw pMC:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB-1. References for calendar calibrations are cited at the bottom of 

calibration graph pages.

Page 2 of 3
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ISO/IEC 17025:2017-Accredited Testing Laboratory 

Beta Analytic, Inc. 
4985 SW 74th Court 
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info@beta la bservices.com 



BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL13 + NHZ2)

Database used
INTCAL13 + NHZ2

References
References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL13 + NHZ2
Hua, et.al.,2013, Radiocarbon, 55(4). Reimer, et.al., 2013, Radiocarbon55(4). 

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com

(Variables: d13C = -27.2 o/oo)

Laboratory number Beta-583698

Percent modern carbon 108.70 +/- 0.41 pMC

95.4% probability

(87.9%)

(7.5%)

1999 - 2002 cal  AD
1956 - 1957 cal  AD

(-50 - -53 cal  BP)
(-7 - -8 cal  BP)

68.2% probability

(68.2%) 2000 - 2002 cal  AD (-51 - -53 cal  BP)
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      This report provides the results of reference materials used to validate radiocarbon analyses prior to reporting. Known-value 

reference materials were analyzed quasi-simultaneously with the unknowns. Results are reported as expected values vs 

measured values. Reported values are calculated relative to NIST SRM-4990B and corrected for isotopic fractionation. Results 

are reported using the direct analytical measure percent modern carbon (pMC) with one relative standard deviation. Agreement 

between expected and measured values is taken as being within 2 sigma agreement (error x 2) to account for total laboratory 

error.

Quality Assurance Report

Reference 1

129.41 +/- 0.06 pMC

129.43 +/- 0.35 pMC

Reference 2

0.42 +/- 0.04

0.42 +/- 0.03 pMC

Reference 3

96.69 +/- 0.50 pMC

96.13 +/- 0.27 pMC

All measurements passed acceptance tests.

Measured Value:

Expected Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

March 04, 2021

QA MEASUREMENTS

COMMENT:

Validation: Date:

Mr. Shawn MorrishSubmitter:

Report Date: March 04, 2021

BETFI 

ISO/IEC 17025:2005-Accredited Testing Laboratory 

Digital signature on file 

Beta Analytic Inc 
4985 SW 74 Court 
Miami, Florida 33155 
Tel: 305-667-5167 
Fax: 305-663-0964 
i nfo@beta la bservices.com 



February 11, 2021

Mr. Shawn Morrish

Tetra Tech

21700 Copley Drive

Diamond Bar, CA 91765 

United States

RE: Radiocarbon Dating Results

Dear Mr. Morrish,

Enclosed is the radiocarbon dating result for one sample recently sent to us. As usual, specifics of the analysis are listed on 

the report with the result and calibration data is provided where applicable.  The Conventional Radiocarbon Age has been 

corrected for total fractionation effects and where applicable, calibration was performed using 2013 calibration databases (cited 

on the graph pages).

The web directory containing the table of results and PDF download also contains pictures, a cvs spreadsheet download 

option and a quality assurance report containing expected vs. measured values for 3-5 working standards analyzed 

simultaneously with your samples.

The reported result is accredited to ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 standards and all pretreatments 

and chemistry were performed here in our laboratories and counted in our own accelerators here in Miami. Since Beta is not a 

teaching laboratory, only graduates trained to strict protocols of the ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 

program participated in the analysis.  

As always Conventional Radiocarbon Ages and sigmas are rounded to the nearest 10 years per the conventions of the 1977 

International Radiocarbon Conference. When counting statistics produce sigmas lower than +/- 30 years, a conservative +/- 30 

BP is cited for the result unless otherwise requested.  The reported d13C was measured separately in an IRMS (isotope ratio 

mass spectrometer).  It is NOT the AMS d13C which would include fractionation effects from natural, chemistry and AMS 

induced sources.

When interpreting the result, please consider any communications you may have had with us regarding the sample.  As 

always, your inquiries are most welcome.  If you have any questions or would like further details of the analysis, please do not 

hesitate to contact us.

Our invoice has been sent separately. Thank you for your prior efforts in arranging payment.  As always, if you have any 

questions or would like to discuss the results, don’t hesitate to contact us.

Sincerely,

Chris Patrick

Vice President of Laboratory Operations

Page 1 of 3

BETA 

ISO/I EC 17025:2017-Accredited Testing Laboratory 

Digital signature on file 

Beta Analytic, Inc. 
4985 SW 74th Court 
Miami, FL33155 USA 
Tel:305-667-5167 
Fax: 305-663-0964 
i nfo@beta la bservices.com 



Shawn Morrish

Tetra Tech

February 11, 2021

February 03, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

2007 - 2009 cal  AD

1955 - 1956 cal  AD

(65.2%)

(30.2%)

Beta - 583699 C-3 -28.8 o/oo IRMS δ13C:104.84 +/- 0.39 pMC

(-58 - -60 cal  BP)

(-6 - -7 cal  BP)

Submitter Material: Woody Material

(wood) acid/alkali/acidPretreatment:

WoodAnalyzed Material:

Analysis Service: AMS-PRIORITY delivery

Conventional Radiocarbon Age:

48.44 +/- 3.92 o/oo

(without d13C correction): 104.03 +/- 0.39 pMC

39.48 +/- 3.92 o/oo (1950:2021)

D14C:

∆14C:

-380 +/- 30 BP

1.0484 +/- 0.0039

BetaCal4.20: HPD method: INTCAL13 + NHZ2

Raw pMC:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB-1. References for calendar calibrations are cited at the bottom of 

calibration graph pages.

Page 2 of 3
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ISO/IEC 17025:2017-Accredited Testing Laboratory 

Beta Analytic, Inc. 
4985 SW 74th Court 
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL13 + NHZ2)

Database used

INTCAL13 + NHZ2

References

References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL13 + NHZ2

Hua, et.al.,2013, Radiocarbon, 55(4). Reimer, et.al., 2013, Radiocarbon55(4). 

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: 

beta@radiocarbon.com 

(Variables: d13C = -28.8 o/oo)

Laboratory number Beta-583699

Percent modern carbon 104.84 +/- 0.39 pMC

95.4% probability

(65.2%)

(30.2%)

2007 - 2009 cal  AD

1955 - 1956 cal  AD

(-58 - -60 cal  BP)

(-6 - -7 cal  BP)

68.2% probability

(28.6%)

(21%)

(18.5%)

2008 - 2009 cal  AD

1956 cal  AD

2007 cal  AD

(-59 - -60 cal  BP)

(-7 cal  BP)

(-58 cal  BP)
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      This report provides the results of reference materials used to validate radiocarbon analyses prior to reporting. Known-value 

reference materials were analyzed quasi-simultaneously with the unknowns. Results are reported as expected values vs 

measured values. Reported values are calculated relative to NIST SRM-4990B and corrected for isotopic fractionation. Results 

are reported using the direct analytical measure percent modern carbon (pMC) with one relative standard deviation. Agreement 

between expected and measured values is taken as being within 2 sigma agreement (error x 2) to account for total laboratory 

error.

Quality Assurance Report

Reference 1

129.41 +/- 0.06 pMC

129.43 +/- 0.39 pMC

Reference 2

0.42 +/- 0.04

0.43 +/- 0.03 pMC

Reference 3

96.69 +/- 0.50 pMC

96.63 +/- 0.40 pMC

All measurements passed acceptance tests.

Measured Value:

Expected Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

February 11, 2021

QA MEASUREMENTS

COMMENT:

Validation: Date:

Mr. Shawn MorrishSubmitter:

Report Date: February 11, 2021

BETFI 

ISO/IEC 17025:2005-Accredited Testing Laboratory 

Digital signature on file 

Beta Analytic Inc 
4985 SW 74 Court 
Miami, Florida 33155 
Tel: 305-667-5167 
Fax: 305-663-0964 
i nfo@beta la bservices.com 



February 22, 2021

Mr. Shawn Morrish

Tetra Tech

21700 Copley Drive

Diamond Bar, CA 91765 

United States

RE: Radiocarbon Dating Results

Dear Mr. Morrish,

Enclosed is the radiocarbon dating result for one sample recently sent to us. As usual, specifics of the analysis are listed on 

the report with the result and calibration data is provided where applicable.  The Conventional Radiocarbon Age has been 

corrected for total fractionation effects and where applicable, calibration was performed using 2020 calibration databases (cited 

on the graph pages).

The web directory containing the table of results and PDF download also contains pictures, a cvs spreadsheet download 

option and a quality assurance report containing expected vs. measured values for 3-5 working standards analyzed 

simultaneously with your samples.

The reported result is accredited to ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 standards and all pretreatments 

and chemistry were performed here in our laboratories and counted in our own accelerators here in Miami. Since Beta is not a 

teaching laboratory, only graduates trained to strict protocols of the ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 

program participated in the analysis.  

As always Conventional Radiocarbon Ages and sigmas are rounded to the nearest 10 years per the conventions of the 1977 

International Radiocarbon Conference. When counting statistics produce sigmas lower than +/- 30 years, a conservative +/- 30 

BP is cited for the result unless otherwise requested.  The reported d13C was measured separately in an IRMS (isotope ratio 

mass spectrometer).  It is NOT the AMS d13C which would include fractionation effects from natural, chemistry and AMS 

induced sources.

When interpreting the result, please consider any communications you may have had with us regarding the sample.  As 

always, your inquiries are most welcome.  If you have any questions or would like further details of the analysis, please do not 

hesitate to contact us.

The cost of analysis was previously invoiced.  As always, if you have any questions or would like to discuss the results, 

don’t hesitate to contact us.

Sincerely,

Chris Patrick

Vice President of Laboratory Operations

Page 1 of 3

BETA 

ISO/I EC 17025:2017-Accredited Testing Laboratory 

Digital signature on file 

Beta Analytic, Inc. 
4985 SW 74th Court 
Miami, FL33155 USA 
Tel:305-667-5167 
Fax: 305-663-0964 
i nfo@beta la bservices.com 



Shawn Morrish

Tetra Tech

February 22, 2021

February 15, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

50 cal  BC - 84 cal  AD

96 - 116 cal  AD

(90.8%)

(  4.6%)

Beta - 584743 C-4 -22.9 o/oo IRMS δ13C:2000 +/- 30 BP

(1999 - 1866 cal  BP)

(1854 - 1834 cal  BP)

Submitter Material: Charcoal

(charred material) acid/alkali/acidPretreatment:

Charred materialAnalyzed Material:

Analysis Service: AMS-Standard delivery

Percent Modern Carbon:

-220.40 +/- 2.91 o/oo

(without d13C correction): 1960 +/- 30 BP

-227.07 +/- 2.91 o/oo (1950:2021)

D14C:

∆14C:

77.96 +/- 0.29 pMC

0.7796 +/- 0.0029

BetaCal4.20: HPD method: INTCAL20

Measured Radiocarbon Age:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB-1. References for calendar calibrations are cited at the bottom of 

calibration graph pages.
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL20)

Database used
INTCAL20

References
References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com

(Variables: d13C = -22.9 o/oo)

Laboratory number Beta-584743

Conventional radiocarbon age 2000 ± 30 BP

95.4% probability

(90.8%)

(4.6%)

50 cal  BC - 84 cal  AD

96 - 116 cal  AD

(1999 - 1866 cal  BP)

(1854 - 1834 cal  BP)

68.2% probability

(26.3%)

(26.3%)

(15.6%)

40 - 10 cal  BC

1cal  BC/1cal  AD - 31 cal

40 - 60 cal  AD

(1989 - 1959 cal  BP)

(1949 - 1919 cal  BP)
(1910 - 1890 cal  BP)

200 150 100 50 1cal BC/1cal AD 50 100 150 200

1600
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1800
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2200

Calibrated date (cal BC/cal AD)
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      This report provides the results of reference materials used to validate radiocarbon analyses prior to reporting. Known-value 

reference materials were analyzed quasi-simultaneously with the unknowns. Results are reported as expected values vs 

measured values. Reported values are calculated relative to NIST SRM-4990B and corrected for isotopic fractionation. Results 

are reported using the direct analytical measure percent modern carbon (pMC) with one relative standard deviation. Agreement 

between expected and measured values is taken as being within 2 sigma agreement (error x 2) to account for total laboratory 

error.

Quality Assurance Report

Reference 1

96.69 +/- 0.50 pMC

97.30 +/- 0.29 pMC

Reference 2

0.42 +/- 0.04

0.43 +/- 0.02 pMC

Reference 3

129.41 +/- 0.06 pMC

129.40 +/- 0.37 pMC

All measurements passed acceptance tests.

Measured Value:

Expected Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

March 15, 2021

QA MEASUREMENTS

COMMENT:

Validation: Date:

Mr. Shawn MorrishSubmitter:

Report Date: March 15, 2021

BETFI 

ISO/IEC 17025:2005-Accredited Testing Laboratory 

Digital signature on file 

Beta Analytic Inc 
4985 SW 74 Court 
Miami, Florida 33155 
Tel: 305-667-5167 
Fax: 305-663-0964 
i nfo@beta la bservices.com 



July 26, 2021

Mr. Shawn Morrish

Tetra Tech

21700 Copley Drive

Diamond Bar, CA 91765 

United States

RE: Radiocarbon Dating Results

Dear Mr. Morrish,

Enclosed is the radiocarbon dating result for one sample recently sent to us. As usual, specifics of the analysis are listed on 

the report with the result and calibration data is provided where applicable.  The Conventional Radiocarbon Age has been 

corrected for total fractionation effects and where applicable, calibration was performed using 2020 calibration databases (cited 

on the graph pages).

The web directory containing the table of results and PDF download also contains pictures, a cvs spreadsheet download 

option and a quality assurance report containing expected vs. measured values for 3-5 working standards analyzed 

simultaneously with your samples.

The reported result is accredited to ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 standards and all pretreatments 

and chemistry were performed here in our laboratories and counted in our own accelerators here in Miami. Since Beta is not a 

teaching laboratory, only graduates trained to strict protocols of the ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 

program participated in the analysis.  

As always Conventional Radiocarbon Ages and sigmas are rounded to the nearest 10 years per the conventions of the 1977 

International Radiocarbon Conference. When counting statistics produce sigmas lower than +/- 30 years, a conservative +/- 30 

BP is cited for the result unless otherwise requested.  The reported d13C was measured separately in an IRMS (isotope ratio 

mass spectrometer).  It is NOT the AMS d13C which would include fractionation effects from natural, chemistry and AMS 

induced sources.

When interpreting the result, please consider any communications you may have had with us regarding the sample.  As 

always, your inquiries are most welcome.  If you have any questions or would like further details of the analysis, please do not 

hesitate to contact us.

Thank you for prepaying the analysis. As always, if you have any questions or would like to discuss the results, don’t 

hesitate to contact us.

Sincerely,

Ronald E. Hatfield President
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Shawn Morrish

Tetra Tech

July 26, 2021

July 15, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

201 - 49 cal  BC

343 - 322 cal  BC

(89.4%)

(  6.0%)

Beta - 597851 C-6 -24.1 o/oo IRMS δ13C:2120 +/- 30 BP

(2150 - 1998 cal  BP)

(2292 - 2271 cal  BP)

Submitter Material: Charcoal

(charred material) acid/alkali/acidPretreatment:

Charred materialAnalyzed Material:

Analysis Service: AMS-Standard delivery

Percent Modern Carbon:

-231.96 +/- 2.87 o/oo

(without d13C correction): 2110 +/- 30 BP

-238.53 +/- 2.87 o/oo (1950:2021)

D14C:

∆14C:

76.80 +/- 0.29 pMC

0.7680 +/- 0.0029

BetaCal4.20: HPD method: INTCAL20

Measured Radiocarbon Age:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB-1. References for calendar calibrations are cited at the bottom of 

calibration graph pages.
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL20)

Database used
INTCAL20

References
References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com

(Variables: d13C = -24.1 o/oo)

Laboratory number Beta-597851

Conventional radiocarbon age 2120 ± 30 BP

95.4% probability

(89.4%)

(6%)

201 - 49 cal  BC
343 - 322 cal  BC

(2150 - 1998 cal  BP)
(2292 - 2271 cal  BP)

68.2% probability

(58.3%)
(9.9%)

175 - 96 cal  BC
72 - 56 cal  BC

(2124 - 2045 cal  BP)
(2021 - 2005 cal  BP)

500 400 300 200 100 1cal BC/1cal AD 100 200
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      This report provides the results of reference materials used to validate radiocarbon analyses prior to reporting. Known-value 

reference materials were analyzed quasi-simultaneously with the unknowns. Results are reported as expected values vs 

measured values. Reported values are calculated relative to NISTSRM-1990C and corrected for isotopic fractionation. Results 

are reported using the direct analytical measure percent modern carbon (pMC) with one relative standard deviation. Agreement 

between expected and measured values is taken as being within 2 sigma agreement (error x 2) to account for total laboratory 

error.

Quality Assurance Report

Reference 1

96.69 +/- 0.50 pMC

96.73 +/- 0.29 pMC

Reference 2

0.44 +/- 0.10 pMC

0.46 +/- 0.03 pMC

Reference 3

129.41 +/- 0.06 pMC

129.02 +/- 0.37 pMC

All measurements passed acceptance tests.

Measured Value:

Expected Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

July 26, 2021

QA MEASUREMENTS

COMMENT:

Validation: Date:

Mr. Shawn MorrishSubmitter:

Report Date: July 26, 2021

BETFI 

ISO/IEC 17025:2005-Accredited Testing Laboratory 

Beta Analytic Inc 
4985 SW 74 Court 
Miami, Florida 33155 
Tel: 305-667-5167 
Fax: 305-663-0964 
i nfo@beta la bservices.com 



August 18, 2021

Mr. Shawn Morrish

Tetra Tech

21700 Copley Drive

Diamond Bar, CA 91765 

United States

RE: Radiocarbon Dating Results

Dear Mr. Morrish,

Enclosed are the radiocarbon dating results for three samples recently sent to us. As usual, the method of analysis is listed 

on the report with the results and calibration data is provided where applicable.  The Conventional Radiocarbon Ages have all 

been corrected for total fractionation effects and where applicable, calibration was performed using 2020 calibration databases 

(cited on the graph pages).

The web directory containing the table of results and PDF download also contains pictures, a cvs spreadsheet download 

option and a quality assurance report containing expected vs. measured values for 3-5 working standards analyzed 

simultaneously with your samples.

Reported results are accredited to ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 standards and all chemistry was 

performed here in our laboratory and counted in our own accelerators here. Since Beta is not a teaching laboratory, only 

graduates trained to strict protocols of the ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 program participated in the 

analyses.  

As always Conventional Radiocarbon Ages and sigmas are rounded to the nearest 10 years per the conventions of the 1977 

International Radiocarbon Conference. When counting statistics produce sigmas lower than +/- 30 years, a conservative +/- 30 

BP is cited for the result unless otherwise requested.  The reported d13C values were measured separately in an IRMS (isotope 

ratio mass spectrometer).  They are NOT the AMS d13C which would include fractionation effects from natural, chemistry and 

AMS induced sources.

When interpreting the results, please consider any communications you may have had with us regarding the samples.

The cost of analysis was previously invoiced.  As always, if you have any questions or would like to discuss the results, 

don’t hesitate to contact us.

Sincerely,

Chris Patrick

Vice President of Laboratory Operations
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Shawn Morrish

Tetra Tech

August 18, 2021

August 04, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

772 - 478 cal  BC(95.4%)

Beta - 599493 C-7 -22.0 o/oo IRMS δ13C:2480 +/- 30 BP

(2721 - 2427 cal  BP)

Submitter Material: Charcoal

(charred material) acid/alkali/acidPretreatment:

Charred materialAnalyzed Material:

Analysis Service: AMS-Standard delivery

Percent Modern Carbon:

-265.62 +/- 2.74 o/oo

(without d13C correction): 2430 +/- 30 BP

-271.90 +/- 2.74 o/oo (1950:2021)

D14C:

∆14C:

73.44 +/- 0.27 pMC

0.7344 +/- 0.0027

BetaCal4.20: HPD method: INTCAL20

Measured Radiocarbon Age:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB-1. References for calendar calibrations are cited at the bottom of 

calibration graph pages.
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Shawn Morrish

Tetra Tech

August 18, 2021

August 04, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

240 - 384 cal  AD

398 - 401 cal  AD

(94.6%)

(  0.8%)

Beta - 599494 C-8 -27.8 o/oo IRMS δ13C:1750 +/- 30 BP

(1710 - 1566 cal  BP)

(1552 - 1549 cal  BP)

Submitter Material: Charcoal

(charred material) acid/alkali/acidPretreatment:

Charred materialAnalyzed Material:

Analysis Service: AMS-Standard delivery

Percent Modern Carbon:

-195.76 +/- 3.00 o/oo

(without d13C correction): 1800 +/- 30 BP

-202.63 +/- 3.00 o/oo (1950:2021)

D14C:

∆14C:

80.42 +/- 0.30 pMC

0.8042 +/- 0.0030

BetaCal4.20: HPD method: INTCAL20

Measured Radiocarbon Age:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB-1. References for calendar calibrations are cited at the bottom of 

calibration graph pages.
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Shawn Morrish

Tetra Tech

August 18, 2021

August 04, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

766 - 465 cal  BC

436 - 422 cal  BC

(93.3%)

(  2.1%)

Beta - 599495 C-9 -24.1 o/oo IRMS δ13C:2470 +/- 30 BP

(2715 - 2414 cal  BP)

(2385 - 2371 cal  BP)

Submitter Material: Charcoal

(charred material) acid/alkali/acidPretreatment:

Charred materialAnalyzed Material:

Analysis Service: AMS-Standard delivery

Percent Modern Carbon:

-264.71 +/- 2.75 o/oo

(without d13C correction): 2450 +/- 30 BP

-270.99 +/- 2.75 o/oo (1950:2021)

D14C:

∆14C:

73.53 +/- 0.27 pMC

0.7353 +/- 0.0027

BetaCal4.20: HPD method: INTCAL20

Measured Radiocarbon Age:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB-1. References for calendar calibrations are cited at the bottom of 

calibration graph pages.
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL20)

Database used
INTCAL20

References
References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com

(Variables: d13C = -22.0 o/oo)

Laboratory number Beta-599493

Conventional radiocarbon age 2480 ± 30 BP

95.4% probability

(95.4%) 772 - 478 cal  BC (2721 - 2427 cal  BP)

68.2% probability

(21.4%)
(18%)
(14.5%)
(11.3%)
(3%)

596 - 543 cal  BC
653 - 607 cal  BC
756 - 719 cal  BC
709 - 680 cal  BC
670 - 662 cal  BC

(2545 - 2492 cal  BP)
(2602 - 2556 cal  BP)
(2705 - 2668 cal  BP)
(2658 - 2629 cal  BP)
(2619 - 2611 cal  BP)
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL20)

Database used
INTCAL20

References
References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com

(Variables: d13C = -27.8 o/oo)

Laboratory number Beta-599494

Conventional radiocarbon age 1750 ± 30 BP

95.4% probability

(94.6%)

(0.8%)

240 - 384 cal  AD
398 - 401 cal  AD

(1710 - 1566 cal  BP)
(1552 - 1549 cal  BP)

68.2% probability

(55.5%)
(12.7%)

273 - 349 cal  AD
247 - 264 cal  AD

(1677 - 1601 cal  BP)
(1703 - 1686 cal  BP)
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL20)

Database used
INTCAL20

References
References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com

(Variables: d13C = -24.1 o/oo)

Laboratory number Beta-599495

Conventional radiocarbon age 2470 ± 30 BP

95.4% probability

(93.3%)

(2.1%)

766 - 465 cal  BC
436 - 422 cal  BC

(2715 - 2414 cal  BP)
(2385 - 2371 cal  BP)

68.2% probability

(29.1%)
(20.2%)
(13.8%)
(4.2%)
(0.9%)

752 - 683 cal  BC
592 - 540 cal  BC
668 - 632 cal  BC
624 - 611 cal  BC
527 - 524 cal  BC

(2701 - 2632 cal  BP)
(2541 - 2489 cal  BP)
(2617 - 2581 cal  BP)
(2573 - 2560 cal  BP)
(2476 - 2473 cal  BP)
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      This report provides the results of reference materials used to validate radiocarbon analyses prior to reporting. Known-value 

reference materials were analyzed quasi-simultaneously with the unknowns. Results are reported as expected values vs 

measured values. Reported values are calculated relative to NISTSRM-1990C and corrected for isotopic fractionation. Results 

are reported using the direct analytical measure percent modern carbon (pMC) with one relative standard deviation. Agreement 

between expected and measured values is taken as being within 2 sigma agreement (error x 2) to account for total laboratory 

error.

Quality Assurance Report

Reference 1

0.44 +/- 0.10 pMC

0.45 +/- 0.03 pMC

Reference 2

129.41 +/- 0.06 pMC

129.41 +/- 0.35 pMC

Reference 3

96.69 +/- 0.50 pMC

96.78 +/- 0.29 pMC

All measurements passed acceptance tests.

Measured Value:

Expected Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

August 18, 2021

QA MEASUREMENTS

COMMENT:

Validation: Date:

Mr. Shawn MorrishSubmitter:

Report Date: August 18, 2021

BETR 

ISO/I EC 17025:2017-Accred ited Testing Laboratory 

Beta Analytic, Inc. 
4985 SW 74th Court 
Miami, FL 33155 USA 
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December 08, 2021

Mr. Shawn Morrish

Tetra Tech

21700 Copley Drive

Diamond Bar, CA 91765 

United States

RE: Radiocarbon Dating Results

Dear Mr. Morrish,

Enclosed are the radiocarbon dating results for four samples recently sent to us. As usual, the method of analysis is listed 

on the report with the results and calibration data is provided where applicable.  The Conventional Radiocarbon Ages have all 

been corrected for total fractionation effects and where applicable, calibration was performed using 2020 calibration databases 

(cited on the graph pages).

The web directory containing the table of results and PDF download also contains pictures, a cvs spreadsheet download 

option and a quality assurance report containing expected vs. measured values for 3-5 working standards analyzed 

simultaneously with your samples.

Reported results are accredited to ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 standards and all chemistry was 

performed here in our laboratory and counted in our own accelerators here. Since Beta is not a teaching laboratory, only 

graduates trained to strict protocols of the ISO/IEC 17025:2017 Testing Accreditation PJLA #59423 program participated in the 

analyses.  

As always Conventional Radiocarbon Ages and sigmas are rounded to the nearest 10 years per the conventions of the 1977 

International Radiocarbon Conference. When counting statistics produce sigmas lower than +/- 30 years, a conservative +/- 30 

BP is cited for the result unless otherwise requested.  The reported d13C values were measured separately in an IRMS (isotope 

ratio mass spectrometer).  They are NOT the AMS d13C which would include fractionation effects from natural, chemistry and 

AMS induced sources.

When interpreting the results, please consider any communications you may have had with us regarding the samples.

Thank you for prepaying the analyses. As always, if you have any questions or would like to discuss the results, don’t 

hesitate to contact us.

Sincerely,

Ronald E. Hatfield President
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Shawn Morrish

Tetra Tech

December 08, 2021

November 22, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

416 - 545 cal  AD(95.4%)

Beta - 610270 C-10 -23.9 o/oo IRMS δ13C:1600 +/- 30 BP

(1534 - 1405 cal  BP)

Submitter Material: Charcoal

(charred material) acid/alkali/acidPretreatment:

Charred materialAnalyzed Material:

Analysis Service: AMS-Standard delivery

Percent Modern Carbon:

-180.60 +/- 3.06 o/oo

(without d13C correction): 1580 +/- 30 BP

-187.60 +/- 3.06 o/oo (1950:2021)

D14C:

∆14C:

81.94 +/- 0.31 pMC

0.8194 +/- 0.0031

BetaCal4.20: HPD method: INTCAL20

Measured Radiocarbon Age:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB. References for calendar calibrations are cited at the bottom of 

calibration graph pages.

Page 2 of 9

[ BETFI] Beta Analytic 
··----·· TESTING LABORATORY 

ISO/IEC 17025:2017-Accredited Testing Laboratory 

Beta Analytic, Inc. 
4985 SW 74th Court 
Miami, FL 33155 USA 
Tel: 305-667-5167 
Fax: 305-663-0964 
info@beta la bservices.com 



Shawn Morrish

Tetra Tech

December 08, 2021

November 22, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

50 cal  BC - 84 cal  AD

96 - 116 cal  AD

(90.8%)

(  4.6%)

Beta - 610272 C-12 -26.4 o/oo IRMS δ13C:2000 +/- 30 BP

(1999 - 1866 cal  BP)

(1854 - 1834 cal  BP)

Submitter Material: Charcoal

(charred material) acid/alkali/acidPretreatment:

Charred materialAnalyzed Material:

Analysis Service: AMS-Standard delivery

Percent Modern Carbon:

-220.40 +/- 2.91 o/oo

(without d13C correction): 2020 +/- 30 BP

-227.07 +/- 2.91 o/oo (1950:2021)

D14C:

∆14C:

77.96 +/- 0.29 pMC

0.7796 +/- 0.0029

BetaCal4.20: HPD method: INTCAL20

Measured Radiocarbon Age:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB. References for calendar calibrations are cited at the bottom of 

calibration graph pages.
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Shawn Morrish

Tetra Tech

December 08, 2021

November 22, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

566 - 402 cal  BC

748 - 688 cal  BC

666 - 643 cal  BC

(75.5%)

(13.9%)

(  6.0%)

Beta - 610273 C-13 -25.1 o/oo IRMS δ13C:2420 +/- 30 BP

(2515 - 2351 cal  BP)

(2697 - 2637 cal  BP)

(2615 - 2592 cal  BP)

Submitter Material: Charcoal

(charred material) acid/alkali/acidPretreatment:

Charred materialAnalyzed Material:

Analysis Service: AMS-Standard delivery

Percent Modern Carbon:

-260.11 +/- 2.76 o/oo

(without d13C correction): 2420 +/- 30 BP

-266.44 +/- 2.76 o/oo (1950:2021)

D14C:

∆14C:

73.99 +/- 0.28 pMC

0.7399 +/- 0.0028

BetaCal4.20: HPD method: INTCAL20

Measured Radiocarbon Age:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB. References for calendar calibrations are cited at the bottom of 

calibration graph pages.
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Shawn Morrish

Tetra Tech

December 08, 2021

November 22, 2021

REPORT OF RADIOCARBON DATING ANALYSES

Report Date:

Material Received:

Laboratory Number Sample Code Number
Conventional Radiocarbon Age (BP) or

Percent Modern Carbon (pMC) & Stable Isotopes

770 - 896 cal  AD

922 - 952 cal  AD

708 - 722 cal  AD

(87.9%)

(  5.8%)

(  1.6%)

Beta - 610274 C-14 -23.8 o/oo IRMS δ13C:1190 +/- 30 BP

(1180 - 1054 cal  BP)

(1028 - 998 cal  BP)

(1242 - 1228 cal  BP)

Submitter Material: Charcoal

(charred material) acid/alkali/acidPretreatment:

Charred materialAnalyzed Material:

Analysis Service: AMS-Standard delivery

Percent Modern Carbon:

-137.69 +/- 3.22 o/oo

(without d13C correction): 1170 +/- 30 BP

-145.06 +/- 3.22 o/oo (1950:2021)

D14C:

∆14C:

86.23 +/- 0.32 pMC

0.8623 +/- 0.0032

BetaCal4.20: HPD method: INTCAL20

Measured Radiocarbon Age:

Fraction Modern Carbon:

Calibration:

Results are ISO/IEC-17025:2017 accredited. No sub-contracting or student labor was used in the analyses. All work was done at Beta in 4 in-house NEC accelerator mass 

spectrometers and 4 Thermo IRMSs. The "Conventional Radiocarbon Age" was calculated using the Libby half -life (5568 years), is corrected for total isotopic fraction and was 

used for calendar calibration where applicable. The Age is rounded to the nearest 10 years and is reported as radiocarbon years before present (BP), “present" = AD 1950. 

Results greater than the modern reference are reported as percent modern carbon (pMC). The modern reference standard was 95% the 14C signature of NIST SRM-4990C 

(oxalic acid). Quoted errors are 1 sigma counting statistics. Calculated sigmas less than 30 BP on the Conventional Radiocarbon Age are conservatively rounded up to 30. 

d13C values are on the material itself (not the AMS d13C). d13C and d15N values are relative to VPDB. References for calendar calibrations are cited at the bottom of 

calibration graph pages.
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL20)

Database used
INTCAL20

References
References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com

(Variables: d13C = -23.9 o/oo)

Laboratory number Beta-610270

Conventional radiocarbon age 1600 ± 30 BP

95.4% probability

(95.4%) 416 - 545 cal  AD (1534 - 1405 cal  BP)

68.2% probability

(32%)
(23.4%)
(12.7%)

496 - 535 cal  AD
449 - 478 cal  AD
425 - 441 cal  AD

(1454 - 1415 cal  BP)
(1501 - 1472 cal  BP)
(1525 - 1509 cal  BP)
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1600 ± 30 BP Charred material

C-10
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL20)

Database used
INTCAL20

References
References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com

(Variables: d13C = -26.4 o/oo)

Laboratory number Beta-610272

Conventional radiocarbon age 2000 ± 30 BP

95.4% probability

(90.8%)

(4.6%)

50 cal  BC - 84 cal  AD

96 - 116 cal  AD

(1999 - 1866 cal  BP)

(1854 - 1834 cal  BP)

68.2% probability

(26.3%)

(26.3%)

(15.6%)

40 - 10 cal  BC

1cal  BC/1cal  AD - 31 cal

40 - 60 cal  AD

(1989 - 1959 cal  BP)

(1949 - 1919 cal  BP)
(1910 - 1890 cal  BP)

200 150 100 50 1cal BC/1cal AD 50 100 150 200
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Calibrated date (cal BC/cal AD)
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2000 ± 30 BP Charred material

C-12
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL20)

Database used
INTCAL20

References
References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com

(Variables: d13C = -25.1 o/oo)

Laboratory number Beta-610273

Conventional radiocarbon age 2420 ± 30 BP

95.4% probability

(75.5%)

(13.9%)
(6%)

566 - 402 cal  BC
748 - 688 cal  BC
666 - 643 cal  BC

(2515 - 2351 cal  BP)
(2697 - 2637 cal  BP)
(2615 - 2592 cal  BP)

68.2% probability

(68.2%) 540 - 412 cal  BC (2489 - 2361 cal  BP)
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2420 ± 30 BP Charred material
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BetaCal 4.20

Calibration of Radiocarbon Age to Calendar Years

(High Probability Density Range Method (HPD): INTCAL20)

Database used
INTCAL20

References
References to Probability Method

Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

References to Database INTCAL20
Reimer, et al., 2020, Radiocarbon 62(4):725-757.

Beta Analytic Radiocarbon Dating Laboratory
4985 S.W. 74th Court, Miami, Florida 33155 • Tel: (305)667-5167 • Fax: (305)663-0964 • Email: beta@radiocarbon.com

(Variables: d13C = -23.8 o/oo)

Laboratory number Beta-610274

Conventional radiocarbon age 1190 ± 30 BP

95.4% probability

(87.9%)

(5.8%)
(1.6%)

770 - 896 cal  AD
922 - 952 cal  AD
708 - 722 cal  AD

(1180 - 1054 cal  BP)
(1028 - 998 cal  BP)
(1242 - 1228 cal  BP)

68.2% probability

(54.4%)
(13.8%)

821 - 886 cal  AD
774 - 790 cal  AD

(1129 - 1064 cal  BP)
(1176 - 1160 cal  BP)
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      This report provides the results of reference materials used to validate radiocarbon analyses prior to reporting. Known-value 

reference materials were analyzed quasi-simultaneously with the unknowns. Results are reported as expected values vs 

measured values. Reported values are calculated relative to NISTSRM-1990C and corrected for isotopic fractionation. Results 

are reported using the direct analytical measure percent modern carbon (pMC) with one relative standard deviation. Agreement 

between expected and measured values is taken as being within 2 sigma agreement (error x 2) to account for total laboratory 

error.

Quality Assurance Report

Reference 1

0.42 +/- 0.04 pMC

0.42 +/- 0.03 pMC

Reference 2

41.14 +/- 0.10 pMC

41.27 +/- 0.17 pMC

Reference 3

129.41 +/- 0.06 pMC

129.48 +/- 0.37 pMC

All measurements passed acceptance tests.

Measured Value:

Expected Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted

Expected Value:

Measured Value:

Agreement: Accepted
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Validation: Date:
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Appendix D2 
 

Optically Stimulated Luminescence & Infrared Luminescence Result 
(by California State University, Long Beach, 2021 & North Carolina State University, 2021) 
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Optically Stimulated Luminescence Dating of Quaternary Sediments 

 

 

By: 

Lewis Owen, Ph.D. 

Professor of Geology 

Department of Marine, Earth, and Atmospheric Sciences 

North Carolina State University  

Raleigh, NC 27695 

Phone: 513-4102339 

Email: Lewis.Owen@ncsu.edu 

 

For: 

Mr. Shawn Morrish 

Tetra Tech BAS GeoScience 

21700 Copley Drive #200 

Diamond Bar, CA 91765 

Shawn.morrish@tetratech.com 

 

 

 

 

Draft October 14, 2020 



Background 

Optically Stimulated Luminescence (OSL) dating determines the time elapsed since a sediment sample was 

last exposed to daylight (Aitken, 1998). The method relies on the interaction of ionizing radiation with 

electrons in semi-conducting minerals within buried sediment, which results in metastable accumulation of 

charge. Illumination of the sediment releases the charge as a measurable emission of photons 

(luminescence). The methods assume that mineral grains during or immediately prior to the transport were 

exposed to daylight to set them to their geological zero residual level. Upon burial, day light exposure 

ceases and essentially the luminescence signal begins to accumulate due to the radiation arising from the 

decay of ambient radioisotopes that include U, Th, Rb and K, and from cosmic rays. Given that, as a first 

approximation, the radiation exposure (dose rate - DR) is constant over the timescales of interest, 

luminescence builds up (equivalent dose - DE) in the minerals in proportion to the duration of burial and 

the concentration of the radioisotopes in the sample environment and the cosmic dose. The depositional age 

(A) of the sample is thus a ratio of luminescence acquired and the rate of luminescence acquisition, i.e., 

A=DE/DR (Aitken, 1998; Murray and Olley, 2002; Singhvi and Porat, 2008).    

 

Preparation and measurement 

The sediment samples were prepared for quartz OSL dating. The OSL samples were provided in steel tubes. 

The samples were opened in the Luminescence Dating Laboratory at the North Carolina State University 

under safe light conditions. Approximately 150 g of sediment was removed from ends of each tube and was 

dried to determine the water content for each sample. The sediment was then crushed and sent to the 

Activation Laboratories Limited in Ancaster, Ontario, Canada for Major Elements Fusion ICP/MS/Trace 

Elements analysis to determine the U, Th and K concentrations for DR calculations (Table 1).  

 

The reminding sediment was pretreated with 10% HCl and 10% H2O2 to remove carbonates and organic 

matter, respectively. The pretreated samples were rinsed in water, dried and sieved to attract the 90–150 

µm particle size fraction. A sub-fraction (~20 g) of sample was etched using 44% HF acid for 80 minutes 

to remove the outer alpha irradiated layer from quartz particles. This treatment also helps dissolves any 

feldspars present.  Any fluorides precipitated during HF treatment were removed using concentrated HCl 

for 30 min. The quartz sample was then rinsed in distilled water and acetate, and dried and sieved to obtain 

grain size 90–150 µm in diameter. Next, a low field controlled Frantz isodynamic magnetic separator (LFC 

Model-2) was used to separate feldspar and magnetic minerals from quartz in the 90–150 µm particle size 



fraction following the methods of Porat (2006) with the forward and side slopes were set at 100° and 10°, 

respectively, within a variable magnetic field. The samples were checked for feldspar contamination using 

infrared stimulated luminescence (IRSL) at room temperature and then sieved using a 90 µm mess to 

remove any grains smaller than 90 µm, so that the 90–150 µm could be used for OSL measurement. 

 

An automated Riso OSL reader model TL-DA-20 was used for OSL measurements and irradiation. 

Aliquots, containing approximately several hundred grains of the samples, were mounted onto ~ 6 mm-

diameter stainless steel discs as a central circle ~ 4 mm in diameter.  Aliquots of samples were illuminated 

with blue LEDs stimulating at a wavelength of 470 nm (blue light stimulated luminescence – BLSL). The 

detection optics comprised Hoya U-340 and Schott BG-39 color glass filters coupled to an EMI 9235 QA 

photomultiplier tube. The samples were irradiated using a 90Sr/90Y beta source.  The single aliquot 

regeneration (SAR) method of (Murray and Wintle, 2000, 2003) was used to determine the DE for age 

estimation. Only aliquots that satisfy the criterion of a recycling ratio not more than 10% were used in 

determining DE.  A preheat of 240 °C for 10s was used and the OSL signal was recorded for 40 s at 125 °C. 

OSL sensitivity of the samples had a high signal to noise ratio. Dose recovery tests (Wintle and Murray, 

2006) indicate that a laboratory dose for 100 seconds could be recovered to within ~10% by the SAR 

protocol suggesting that the protocol was appropriate.  

 

Results 
Table 1 presents the radioisotope, water content, and cosmic dose, DR, DE and OSL age for the samples. 

Dose rate calculations follows the details highlighted in the footnotes of Table 1 and confirmed using the 

Dose Rate and Age Calculator (DRAC) of Duncan et al. (2015). Dose rates for samples were 3.3±0.2 and 

3.1±0.2 Gy/ka, which is within the normal range for terrestrial sediments. The Th/U is consistent with the 

expected values suggesting that leaching has not been a significant problem at the sites. For the water 

content, we assumed a conservative value with a large uncertainty (10±5%) to reflect possible changes in 

water content over the geologic history, especially accounting for wetter glacial times in the past and drying 

out of the trench faces during excavation and sampling.  

 

The natural OSL signal for all aliquots a magnitude greater than the background signal. Examples of IRSL 

tests and “shine down” curves for the samples are shown in Figure 1. The shine down curves (luminescence 

stimulated in the laboratory for 40 s of exposure to light) for all aliquots showed fast decay patterns that 

confirm that the signal is the fast component of luminescence, which is dominant in quartz. This also helps 



to provide confidence that sample would have likely been bleached quickly if only briefly exposed to 

sunlight for a few minutes. Figure 1 shows examples of examples of the regenerative curves, illustrating 

good growth and recuperation. Dose rate recovery tests for the samples shows that they have somewhat of 

a mixed recovery, but most tested aliquots are within the 10% uncertainty of the laboratory dose (Figure 

2).  

 

The spread of DE varied between samples and are shown in Figure 1. The spread of DE values for each 

sample has a dispersion >20%, so a two mixing age model using the radial plotter of Vermeesch, P. (2009) 

was applied and the minimum peak distribution is used to calculate the ages (minimum age model). The 

average and weighted average ages are also presented for reference and statically they are identical to the 

minimum age model (Table 1). The weighted average age skews the ages towards a younger age because 

aliquots with low DE values have lower associated uncertainties. The preferred age for TP-OSL1 is 3.3±0.2 

ka and TP-OSL2 is 3.1±0.2 ka and are highlighted in bold in Table 1. Statistically these ages are identical 

to each other. 
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Photon-stimulated Luminescence. Oxford University press, USA, New York, 280 pp. 
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Figure 1. Examples of ISRL test for feldspar (top), typical OSL shine down curves (middle left), 

regenerative curves (middle right), probability distribution graphs (bottom left [in seconds]) and radial plots 

(bottom right [in seconds]) and for each dated sample. The probability distribution graphs and radial plots 

are not provided for samples that were saturated. Units for the probability distribution graphs and radial 

plots are provided in Grays. 
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Figure 2. Dose rate recovery test for sample TP-OSl1 (1 through 6) and TP-OSL2 (7 
through 12). 
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Table 1: Summary of OSL dating results for samples from extracted from sediment, sample locations, radioisotopes concentrations, 
moisture contents, total dose-rates, DE estimates and optical ages. Preferred ages are shown in bold. 

Sample 
number 

Location 
(oN/oW) 

Altitude  
(m asl) 

Depth 
(cm) 

Ua 

(ppm) 
Tha 

(ppm) 
Ka 

(%) 
Rba 

(ppm) 
Cosmicb, c 

(Gy/ka) 
Dose-

rateb, c, d 

(Gy/ka) 

ne Average 
equivalent 

dosef 

(Gy) 

Weighted 
average 

equivalent 
doseh 

(Gy) 

2-mixed 
model 

equivalent 
dosei 

(Gy) 

Average
OSL 
Agef,j, 

(ka) 

Weighted 
average 

OSL 
Ageh,j 

(ka) 

2-mixing 
model 
OSL 

Ageh,i,j 

(ka) 
TP-OSL1 

 
34.1413/ 
117.3654 

412 152 2.0 12.1 2.1 87 0.18±0.02 3.25±0.21 19(30)	
[84%]	

12.17±0.90 10.72±0.23 10.83±0.25 
(29%) 

3.7±0.4 3.3±0.2 3.3±0.2 

TP-OSL2 34.1414/ 
117.3654 

410 341 2.1 10.3 2.1 84 0.13±0.02 3.12±0.20 22(30)	
[82%]	

11.70±1.10 9.49±0.21 9.53±0.22 
(34%) 

3.7±0.4    3.0±0.2 3.1±0.2 

a Elemental concentrations from ICP-MS of whole sediment measured at Activation Laboratories Limited Ancaster, Ontario Canada.  
b Estimated fractional day water content for whole sediment is taken as 10% and with an uncertainty of ± 5%. 
c Estimated contribution to dose-rate from cosmic rays calculated according to Prescott and Hutton (1994). Uncertainty taken as ±10%. 
d Total dose-rate from beta, gamma and cosmic components. Beta attenuation factors for U, Th and K compositions incorporating grain size factors from Mejdahl (1979). Beta attenuation factor for Rb is 

taken as 0.75 (cf. Adamiec and Aitken, 1998). Factors utilized to convert elemental concentrations to beta and gamma dose-rates from Adamiec and Aitken (1998) and beta and gamma components 
attenuated for moisture content. Dose rates calculation was confirmed using the Dose Rate and Age Calculator (DRAC) of Duncan et al. (2015). 

e Number of replicated equivalent dose (DE) estimates used to calculate DE. These are based on recuperation error of < 10%. The number in the parentheses is the total measurements made including failed 
runs with unusable data. The number in square parentheses is the percentage of aliquots used for minimum age 2-mixing model. 

f Average equivalent dose (DE) determined from replicated single-aliquot regenerative-dose (SAR; Murray and Wintle, 2000) runs. The uncertainty is the standard error and includes an uncertainty from 
beta source estimated of ±2.5%. 
h Weighted average equivalent dose (DE) determined from replicated single-aliquot regenerative-dose (SAR; Murray and Wintle, 2000) runs. The uncertainty is the standard error and includes an uncertainty 

from beta source estimated of ±2.5%.  
iAge based on minimum population in 2-mixing model using the program of Vermeesch (2009). Values in parentheses are the dispersion of the aliquots. 
jUncertainty incorporate all random and systematic errors, including dose rates errors and uncertainty for the DE.  
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Results 

Sample Elemental 
Concentrations 
from Activation Laboratories, 
Ontario, Canada 

Measured 
Water 
Content 

Dose Rate 
(Gy/ka) 
Using H20% 
Max= 20 
Min= 2 

Equivalent Dose 
and Error 
Central Age 
Model 

Number 
of 
Aliquots 

Age 
(Ka) 

Error 
(Ka) 

 K 
(%) 

U 
(ppm) 

Th 
(ppm) 

H20% Max Min Ed  
(sec) 

Error 
(sec) 

   

OSL3 2.67 1.80 10.7 2.62 5.53 4.54 2170 51 22 36.6 4.4 
OSL8 2.59 1.40 8.2 2.81 4.87 4.01 1477 23 22 28.6 3.2 
OSL10 2.79 1.50 8.3 2.38 5.12 4.28 2269 57 21 41.4 5.1 
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Equivalent dose analyses 

Sample OSL3      

    

PDF plot of aliquot Equivalent Dose in seconds Radial plot of aliquot Equivalent Dose in seconds 
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Project: Pepper 210 Commerce Center, Rialto, CA Job No: GEN 19-22E
Date Excavated:

Test Hole Depth (feet): 9.9 feet Soil Classification: Sand and Gravel with Sand (SW/GP)
Stick up Length (feet): 0.1 feet Gravel Porosity: 0.35
Sandy Soil Criteria Tested By: PMK Presoak Date:
Actual Percolation Tested By: TC Test Date:
Test Hole Diameter (inches): 8 inches Latitude: 34.136319° Longitude: -117.352829°
Casing Diameter (inches): 3 inches Elevation: 1299 ft

Time Time Interval 
(min)

Initial Reading   
(feet below the 

top of the 
pipe)

Final Reading  
(feet below the 
top of the pipe)

Initial Water Level 
 (feet above bottom of 

hole)

Final Water Level 
(feet above bottom 

of hole)

 Δ in Water 
Level 

(inches)

Measured Raw 
Percolation Rate

 (inches/hour)

2.0

2.5

19.4 in/hour

PERCOLATION DATA SHEET

Test Hole No: P-7 Monday, June 20, 2022

Monday, June 20, 2022
Monday, June 20, 2022

PERCOLATION TEST (presoaking for at least 1 hour)

0.63 9.00 10.00 1.00 0.00 12.00 126.1

0.73 9.00 10.00 1.00 0.00 12.00 108.8

0.78 9.00 10.00 1.00 0.00 12.00 101.9

96.9

0.80 9.00 10.00 1.00 0.00 12.00 99.3

0.82 9.00 10.00 1.00 0.00 12.00

0.82 9.00 10.00 1.00 0.00 12.00 96.9

Technical Guidance Document for Water Quality Management 
Plans prepared for the County of San Bernardino Areawide 
Stormwater Program, dated September 19, 2013.

Corrected Design Percolation Rate  =

Suitability of underlying soils for infiltration Measured field infiltration rate 
(in/hr)= 96.9

Infiltration system design
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