MINERALRESOURCES &

dzZNNXzLJ t SY A V & dzf
t SGNRIf elLIKaAayYy /[ 2f 2
a Ay SNH O AEMRV

Noel Duffy, Erick Ramanaidot) David Alexandef & Deborah Lad

1 CSIR@nergy Clayton, Victoria
2 CSIRO Mineral Resources, Kensington, Western Australia
3 CSIRMata6l, Clayton, Victoria

4 CSIRO Manufacturing, Clayton, Victoria

EP161761
June2017







CSIRO Miner&tesources

Citation

NoelDuffy, Erick RamanaidoDavid Alexande& Deborah La2017) Burrup Peninsula Aboriginal
Petroglyphs: Colour Change & Spectral Mineralogy @00%6. CSRQ AustraliaConfidentialReport
EP161761

Copyright and disclaimer

© 2017 CSIRO To the extent permitted by law, all rights are reserved and no part of this publication
covered by copyright may be reproduced or copied in any form or by any means except with the written
permission of CSIRO.

Important disclaimer

CSIRO advises thifie information contained in this publication comprises general statements based on
scientific research. The reader is advised and needs to be aware that such information may be incomplete
or unable to be used in any specific situation. No reliance doremust therefore be made on that
information without seeking prior expert professional, scientific and technical advice. To the extent
permitted by law, CSIRO (including its employees and consultants) excludes all liability to any person for
any consegances, including but not limited to all losses, damages, costs, expenses and any other
compensation, arising directly or indirectly from using this publication (in part or in whole) and any
information or material contained in it.






Contents

ACKNOWIEAGIMENTS ... e e e e e e e s e e e e e e e e s e e e e e e e nannbrnneeeeeeaan X
EXECULIVE SUMIMABIY.....eeiiiiiiiiitie ettt e e e e e e e e e e e e et e e e e s s n b e e e e e e s nnbe e e e e e e e e nnnnes Xi
1. [y goTo (U111 o] o DO PP TP PPPPPPUPPPRPUPRP 1
2 Location and sampling of the petroglyphs. ... 2
3. Petroglyphs (This section is from Ramanaidou and Fonteneau, 2015 and.2017).............! 6
4 COlOUIN MBASUIEIMEINT. .....eiiiiiiii ittt a e e e b e e s r e e e sinreeeea 8
o N [ 011 (oo 18 o3 1 (o] o TP PPPPPUPRP 8
4.2  Experimental MethodOlOgy.........c.uuviiiiiiiiiiiieee e 8
4.3  RESUIS @Nd DISCUSSION. ... .uuiiiiiiiiiiiiiiiiee e ettt e e et e e e s s e e e e s eeeeeeaas 10
5. SPECHIAI MINEIAIOGY ... uveiieiiieiiii et e e e e e e e e e e e aaaaaaaaeas 41
5.1 Reflectance SPECIIOSCOMY. . ... uuuttieiiiiiiieiteeee ettt e e e e s st e e e e s s st e e e e e aianereeeeeaas 41
5.2 Spectral Results for 202D 16.............uuviiiieeiiiiiiiieee et e e e e e e e 42
5.3 SPECHral PAramMeTELS. ... ...uuiiiiieiiiiiiii e 53
6. Statistical Analysis of BYK, KM and ASD colour measurements.............cooevveeeeeeeeennnnnnns 75
6.1 INIFOTUCTION. ..cei i ittt e e e e r e e e e e e et n e e e e e e e s nnnnneeaaeeas 75
6.2 Comparing BYK and KM photOSPECIIOMELELS........cuvviiiiiiiiiiiieeeee e 76
6.3 Analysis of colour measurements from KM and ASD spectrometers.................... 121
7. Conclusion Of 2002016 STUAY.......ceceeiiiiiiriiiee e e e e e e e e e e e anne 128
8. RECOMMENAALIONS. ... ..t e e 129
9. RETEIENCES. ... ettt 130

Burrup Peninsula Aboriginal Petroglyphs: Colour Ch&§pectral Mineralogy 20@2016



FIGURES

Figure 1: Google Earth® maps of Bhgrup Peninsula with the location of the petroglyphs.............. 4
Figure 2: New sites (Yellow numbers) with dominant wind directionspadd..............cccccoeevvieneenn. 5

Figure 3. Weathered granophyre with Munsell colour including (1) surface coating (2.5YR 4/4), (2)

leached zone (7.5YRZ)/and (3) fresh rock (7.5B 5/2).......cccoueiieeeiiiiii e 6
Figure 4. Bird droppings 0N MUTIUJUGA FOCKS..........uuiiiiiiiiiiiieiee e 7
Figure 5: Konica Minolta GDOd SPeCtrOpNOtOMELEL..........coiiiiiiiiiiiie e 9
Figure 6: Site-IDolphin Island (White scale bar iS 50 CM)u...vvveeeieeiiiiiiiiiiiie, 11
Figure 7: Site 2 Gidley Island (white scale bar is 10 CM)........cccooiiiiiiiiiieeniiiiiee e 14
Figure 8: Site 4 Woodside (White scale Dar iS 10 CIML)......c..uvvivieeiiiiiiiiieeee e sireee e e 17
Figure 9: Site § Burrup Road (Whitacalar is 10 CM)..........ccooeeiieiiiiiiii e 20
Figure 10: Site § Water Tanks (White scale bar is 10 CIm).........ovvveiiiiiiiiiiieeeeeiiiiiee e 23
Figure 11: Site T Deep Gorge (White scale bar iS 25 Cm)........c.eevvvieiiiiiiiieeee e 26
Figure 12: Site 8 King Bay South (Colour chart on rock is 10.Cm)..........ooooeiiiiiiicciiciiinneveevveeee 29
Figure 13Site 21¢ Yara West (Colour chart on rock is 10 CM)........cceeiiiiiiiiiieeneniiiiiieee e 32
Figure 14Site 22¢ Yara North East (Colour chart on rock is 10 CM).........cceveeiiiiiiiiieeeeniiiiiieeeeens 34
Figure 15Site 23¢ Yara East (Colour chart on rock is 10 CIM)..........coooeeiiiiiinniinniiiirinreer e 36

Figure 16: ASD FieldSpecPro and Konica MinoltZ@dspectrophotometer operating on petroglyphs
iN the BUurrup PeninSula (200L3.......ooo ettt e e e e e e e e e e e e e e e e aannes 42

Figure 17: Digital image of the engraving with the location of the measurements (spot 1, 2, 3 and 4 for
both engraving anddckground. Spot 4 measured from 2013). Comparison of the average spectra for
the engravings and background for each of the three spots between 2004 and .2016................ 52

Figure 18. Spectral parameters for all sites. Each parameter has been expressed with the same scale for
o | 5 SRS 73

Figure 19. The three plots show L*, a* and b* measurements respectively from BYK, KM and ASD
spectrometers for background and engraving on site 1 spot 1. Rectangles above each graph show the
average recorded colour for eacheasurement in each year (identical in each graph). Change in these

recorded colours over time is hard to detect visually, except in the BYK.data..............cccvveeeeeenn. 79
Figure 20Site 1 spot 2 colour measurements, plotted afigure 19.............ccccoooeeiiiiiii s 80
Figure 21Site 1 spot 3 colour meagements, plotted as iIfFigure 19.........cccccvviiiiiieeiininiiiiiieee s 81
Figure 22Site 1 spot 4 colour measurements, plotted a§igure 19..........ccccoovvviiiieeeiiniiiiiieeee s 82
Figure 23Site 2 spot 1 colour measurements, plotted dSigure 19..........cccoeeiiiiiiiie s 83

vi| Burrup Peninsula Aboriginal Petroglyphs: Colour Change & Spdatexlogy 2004;2016



Figure 24Site 2 spot 2 colour measurements, plotted agigure 19............ccccooiiiiiiiiiiiiiiiiieeeeeee, 84

Figure 25Site 2 spot 3 colour measurements, plotted agigure 19............ccccooiiiiiiiiiiiiiieiieeeeeeee, 85
Figure 26Site 2 spot 4 colour measurements, plotted afigure 19..............ccccceiiiviviinviieieeeeeeeee, 86
Figure 27Site 4 spot 1 colour measurements, plotted a§iguUrel...........ccccoviiiiiieeiiiiiiiieieee s 87
Figure 28Site 4 spot 2 colour measurements, plotted a&igure 19............ccooeiiieveeiiiiiiiiieeee s 88
Figure 29Site 4 spot 3 colour measurements, plotted afigure 19..............cccoceiiiiiviiniiieieeeeeeeee, 89
Figure 30Site 4 spot 4 colour measurements, plotted a&igure 19............ccooocvieiveeiiiiiiiieeeeeeenes 90
Figure 31Site 5 spot 1 colour measurements, plotted a&igure 19............cccocviieeeeiiniiiiiieeee s 91
Figure 32Site 5 spot 2 colour measurements, plotted afigure 19..............cccccviiiiiviiiiiieieeeeeeeee, 92
Figure 33Site 5 spot 3 colour measurements, plotted a&igure 19............ccooeviivveeiiiiiiiiieeee s 93
Figure 34Site 5 spot 4 colour measurements, plotted a§iguUIelo...........ccccooviiiiieiiiiiiiiiiiieee e 94
Figure 35Site 6 spot 1 colour measurements, plotted afigure 19..............ccoocciiiviiiiniiniieeeeeeeee, 95
Figure 36Site 6 spot 2 colour measurements, plotted a§igure 19...........cccoooeviiiieeiiniiiiiieeeeeee 96
Figure 37Site 6 spot 3 colour measurements, plotted a&igure 19...........cccoooeiiiieeeiiniiiiieeee s 97
Figure 38Site 6 spot 4 colour measurements, plotted afigure 19..............cccoceiiiviiiieiieeieeeeeeeees, 98
Figure 39Site 7 spot 1 colour measurements, plotted ag-igure 19..........ccccooviiiiieieeiiniiiiiieee e 99
Figure 40Site 7 spot 2 colour measurements, plotted a&igure 19............ccccocveiviiiiincie i, 100
Figure 41Site 7 spot 3 colour measurements, plotted afigure 19.................ccoeceiccinniinnnnnnenee, 101
Figure 42Site 7 spot 4 colour measurements, plotted a&igure 19............cccoocviiieieiiiiiiiiineeennns 102
Figure 43Site 8 spot 1 colour measurements, plotted a§igure 19............cccooeviiiieeiiiiiiiiieeeeenns 103
Figure 44Site 8 spot 2 colour measurements, plotted afigure 19................cccoecciinniininnnneee, 104
Figure 45Site 8 spot 3 colour measurements, plotted a§igure 19............ccooocviiiiieiiiiiiiiieeeennns 105
Figure 46Site 8 spot 4 colour measurements, plotted a§igure 19............cccooeviiivieiiiiiiiiieeeeenns 106
Figure 47Site 21 spot 1 colour measurements, plotted aBigure 19.......cccccvvvvvveiiiiiiiiiinnnnneenn. 107
Figure 48Site 21 spot 2 colour measurements, plotted aBigure 19..........ccccccceeeviiiiiieee e, 108
Figure 49Site 21 spot 3 colour measurements, plotted aBigure 19...........ccccceeeeiiiiiiiieee e, 109
Figure 50Site 21 spot 4 colour measurements, plotted aBigure 19.......ccccvvvvvveiiiiiiiiiinnnneen.. 110
Figure 51Site 22 spot 1 colour measurements, plotted aBigure 19...........cccccceeeiiiiiiiine e, 111
Figure 52Site22 spot 2 colour measurements, plotted agigure 19..........cccccvvivieeiniiiiinieeeeennns 112
Figure 53Site 22 spot 3 colour measurements, plotted aBigure 19........cccccccvvviiiiiiiiiiniiennn. 113
Figure 54Site22 spot 4 colour measurements, plotted aigure 19..........ccccvvvivieeiiiiiiinieeeeennns 114
Figure 55Site 23 spot 1 colour measurements, plotted aBigure 19..........cccccceeeiiiiiiienee e 115
Figure 56Site 23 spot 2 colour measurements, plotted aBigure 19........cccccccvvviiiiiiiiiiniin. 116

Burrup Peninsula Aboriginal Petroglyphs: Colour Ch&gpectral Mineralogy 20@2016



Figure 57Site 23 spot 3 colour measurements, plotted aBigure 19........ccccocvvvviiiiiiiiieniinenn. 117

Figure 59Average L* values from BYK and KM photospectrometers, compared with average L* values
calculated from ASD spectra for background and engraving across all years, sites and spots. The
horizontal axis in each case is the L* measurement calculated from ABbasjp@d the vertical axis is

the L* measured value on the B¥istrument(left plot) or the KMinstrument(right plot). The solid line
shows where measurements would lie if they corresponded perfectly. Dashed regression lines indicate
the average differace between the instruments, and the labelled value dfdRthe regression

indicates the level of agreement. The site colour coding shows that some sites have higher lightness
than others do, but also that some sites show greater variation in BYK measuireTriangles indicate
measurements of the background, and circles of the engraving; note that the larger outliers on the BYK
photospectrometer were made 0N the ENGraViNg..........uuuiriieiiiiiiiiieriiee e 119

Figure 60Average a* values from BYK and KM photospectrometers, compared with average a* values
calculated from ASD spectra for background and engraving across all years, sites and spots. The plots are
generated as IFIQUIE 59........coiiiiii e e e e e e e e e e e e e aaeaaaaaeeeeeeeeeeeassaasaaasnsnnnnsanrnnnes 120

Figure 61Average b* values from BYK and KM photospectrometers, compared with average b* values
calculated from ASD spectra for background and engraving adigeses, sites and spots. The plots are
generated as IFIQUIE 59........coiii i r e e e e e e e e e e e e eaaaaaaaaeaeeaeeaeeeassaasaaaaaannnaanrnnnes 120

Figure 62Variation over time in average L* measuremeaotsthe KM spectrophotometer for
background and engraving of all SPots 0N all SILES.........cccoviiiiiiiiiie e 122

Figure 63 Variation over time in averagenheasurements calculated from spectra recorded on the ASD
spectrometer for background and engraving of all spots on all sites. Data from-@tissdtawn in
(o] F=Yod "= 1 o1 g T<T g0 F= 1 = NN T 1N (=T 1R 126

Figure 64Variation over time in average a* measurements calculated from spectra recorded on the
ASD spectrometer for background and engraving of all spotisites. Data from sites2lis drawn in
(o] F= Yot J= 1 o1 g T<T B0 F= 1 =TT 1N <o PO 127

Figure 65Residuals and fitted values of the mddier L* data calculated from spectra recorded on the
KM spectrophotometer for background and engraving of all spots at all sites. The level of variation in the
residuals is fairly constant across all fitted Values.............uuvevieiiiiiiiiiiiiiieee e 127

viii | Burrup Peninsula Aboriginal Petroglyphs: Colour Change & Spdatiexrialogy 2004,2016



Tables

Table 1: Details of the sites for colour and spectral mineralogy measurements (site 3 is not included in
LRSS0 | PP PTE PP 3

Table 2: Coordinates (GDA 94, Zone 50) of the 6 sites measured for the TAN Monitoring.project

Table 3: Instrument Specifications for the Konica Minolta7OBid spectrophotometer..................... 10
Table 4: Average Colour Measurements for Sitebblphin Island (2004 2016)............ccceveeeeiiivrnnen. 12
Table 5: Average Colour Measurements for Sitgztdley Island (20042016)............cccccccevvvnnnnnns 15
Table 6: Average Colour Measurements for StéMoodside (2004 2016)...........ceeeeeeriiiiieieeeennnnns 18
Teble 7: Average Colour Measurements for SiteBurrup Road (2004 2016)............cceeevviiivieeenennn. 21
Table 8: Average Colour Measurements for Sitaater Tanks (2004 2016).............cccccecnnvvvnnnnnns 24
Table 9: Average Colour Measurements for SteDeep Gorge (2004 2016)..........ccccuvvveveeeeniinrnnn. 27
Table 10: Average Colour Measurements for Sitkéhg Bay South (20@42016)...........c.cevveeerrnnnnee. 30
Table 11Average Colour Measurements for Site ara West (2014 Fel2016)...........ccccvvvvvvrvnnneee. 33
Table 12Average Colour Measurements for Site22ara North East (2014 FeB016)..................... 35
Table 13Average Colour Measurements for Site-23ara East (2014 FEB016)..........ccoovvvvrvveeeennne 37
Table 14: Averaged colour change for @ach Site............oooiiiiiiiiciiii e 38
Table 15: Colour difference between background and petroglyph.............ccooiiiiiiiiiinee 40
Table 16 Minimum and maximum of spectral parameters for all SiteS...........cccccvveeririiiiiieeeernnns 53

Table 17. Averages of the increases per year of L*, a* and b* measurements across each combination of
site, spot and type (background or engraving) for eastrument (Negative numbers indicate an
AVErage JECIEASE OVEN TIME)....uuiiiiiiiiiiiiiit i e e e e sttt e e e et e e e e e s s e e e e e e e s bbb e e e e e e s annnrnneeeeeeananes 124

Table 18 p values for successively adding to models for L*, a* and b* measured with KM and ASD
spectrometers: a trend over time (first row); differetménds on northern and southern sites (second
row); and different trends also on background and engraving (third.fQW).............ccccvveeeenrrinnnee. 125

Burrup Peninsula Aboriginal Petroglyphs: Colour Ch&gpectral Mineralogy 20@2016



Acknowledgments

This work is performed in collaboration with Bill Carr as part of the Burrup Rock Art Monitoring Program,
supported bythe Western Australian Government Department of Environment Regulatidrithe
Australian Government Department of the Environment

Thanks are extendedo the Murujuga Aboriginal Corporation fproviding the authorisation to undertake
the study and fotheir assistance during data collection.

x| Burrup Peninsula Aboriginal Petroglyphs: Colour Change & Spdateralogy 2004;2016



Executive summary

The Burrup Peninsula is around 30 km land 6 km wide and is locatecB00 kn from Perth (Western

Australia) Itwas named after Mount Burrup, the highest topographic politite Burrup Peninsulaas

created when an island was connected to the mainland through the construction of a causeway. The

peninsula is of unique cultural ahdNO K S2f 2 3A0Ff AAIYATFTAOIYOS a AlG C
important collection of indigenous petroglyphBhe term petroglyph is derived from the Greek words
Petroimeaning rock or stone ariglypheirfimneaning to carve. Petroglyphs are humartefacts produced

by partly removing a rock surface by pecking or pounding using a chisel.The petroglyphs have been carved

in two rock types, namely granophyre and gabbro. These rocks have been subjected to weathering and
display a core of fresh rocksaunded by acriit KA O1 daf S OKSRE 1 2yS Ay {dzNY (
rich skin. The petroglyphs were engraved in the rocks by removing the outermost skin to expose the

f SIFOKSR T2yS LINBPGARAY3I | aGNRy3a O2yyiRd & (¢ 0S (ifeSISYK
is characterised by an augmentation of the porosity as a result of the dissolution of primary minerals as well

as an increase of both kaolinite and goethite. As the amount of primary minerals decreases, the amount of
secondary mineralincreasesput some of the most weathering resistant primary minerals such as quartz

and chlorite are still partially presemin increasen phosphorus (mainly as apatite microcrystals) has been
characterisedn both the leached and surface zorfes all samplesThe addition ofpatite can only be

explained by an external sourc@melybird droppinggor guang a natural fertilizerGuano typically

contains 8 to 16% percent nitrogen, 8 to 12% equivalent phosphoric acid, and 2 to 3% equivalent potash.
Hence, the bird dropping will not only add phosphorus to the rocks but also nitrogen.

Alongside the petiglyphs, the Burrup Peninsula hos&veral large industrial complexes including iron ore,
liquefied natural gas production, salt production and feitit N& A GK 2y S 2F | dz&a 0 NI £ A
some of the petroglyphs adjoin industrial areas there has been very public concern expressed that the
petroglyphs could be damaged by airborne emigsirom the industry. In 2002hé Western Australian

government established théormerindependentBurrup Rock Art Monitoring Management Committee
(BRAMMCto review the available expertise and oversee the studies that were conducted to establish

whether industrial emissions ardély to affect the petroglyph

In 2003 theformer Burrup Rock ArTechnical Workin@Group(BRAWG) commissioned a number of studies

to monitor the petroglyphs. They included air dispersion modelling sty@ig quality and microclimate

colour change, dust deposition and accelerateshthering study and mineral spectroscopy. The studies

were based on the monitoring of seven sites with two control sites located on the northern Burrup area

and the other five located further south on the lower Burrup Peninsula, closer to the induseé. @he

site selection for sites close to industry a2 NJ RA &G y i d&edpiedeitadtlydniA § Sa 61 a
predicted gas concentrations derived from modelling by SKM. In addition geology was important to ensure
that both of the major rock types that supported the petroglyphs, granophyre and gabbro, were included.

ForlOyears (2004 to 208), petroglyphs at seven specially selected sites (chosen under the guidance of
indigenous elders) in the Burrup Peninsula were measured using colour and reflectance spectroscopy
measurements. Three spots on each engraving and three spots on each backgvolk were measureih

situ using a portablghotospectrometer for colour measurement and a reflectance spectrometer for visible
and near infrared analysig 2014, the rock art monitoring project expanded at the request of Yara Pilbara
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Nitrates Pty LtdYMNPL). The company wauilding a Technical Ammonium Nitrate Production Facility
Project (or TAN) on the Burrup Peninsula, and to adhere to the requirements of the Environment
Protection and Biodiversity Conservation Act 1999, YPNPL needed to erfgargage monitor to survey

the rock art sites within a two kilometre radius of the project site. CSIRO has been a heritage monitor for
the West Australian Governmelithe Department of Environment Regulation (DEfRj)'the monitoring of

the Burrup petroglphs for the last decade and was considered appropriate to be the heritage monitor for
YPNPL. The rock art study dedicated for the TAN Project required the heritage monitoring of petroglyphs
sites within 2km of the plant site. Selected sites were determinezbnsultation with members of

Murujuga Aboriginal Corporation to respect the cultural laws of the traditional owners for the entitlement

of access. The selected petroglyphs were firstly evaluated for their appropriateness for scientific study,
includingpetroglyph size and quality, direction of exposure, elevation, dominant winds direction within 2

km of the TAN project location. From the six selected monitoring sites; three were already part of the
decadeold and ongoing BRATWG monitoring program andditional three sites were also selected.

After initial monitoring in February 2014, the three new sites have become part of the BRATWG monitoring
program.As well aghe threenew sites, an extra spot (both engraving and background) was aatdedch
monitored petroglyph pangbringingthe totalto eight samplingpots & 2 dzZNJ I NBIF a Of F aaATAS
YR F2dz2NJ F NBI a OftolindréageThe &cBuratydf fudiice IstalidtisaNaRadiysiston
measurements

As the project was entering itB0" year, it was appropriate to review the approach to data analysis that
was implemented at the outset and has remained in place without significant mddtificeince 2004.

Previously the following analyseforthe photospectrometecolour measurementsere as follows
1 21 independent measurements of each spot

1 Replicate sample dataas collected in L*a*b* numerical formaflL* is a measure of lightness, from
0 (black) to 100 (white); a* and b* can take positive or negative valueseHigtvalues
correspond to increasing red colour and lower values to increasing green colour; b* similarly
records the contrast between yellow (high values) and blue (low values). Data has been calculated
relative to the D65 standard illuminant, intendi¢éo represent average daylight

1 Measurements at a single spatre averaged and reported

1 olour difference between background and engrawives calculated and reported year to yeand
from the current year to the beginning of the study.

1 Annual measuremds of the colour difference between background and engrawiege plotted
and a trend line reported.

The analyses for th&nalytical Spectral Device (ASt@fectance spectrometewere as follows:

1 10measurements of each spdh 2015, the number of measurements was increased to 21 to
match thephotospectrometerand also the head of the spectrometer was removed and replaced
after each measurement

1 Measurements at a single spot were averaged and reported.

1 Spectral parametergiere extracted and plotted.
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It should be added that the 21 measurements for each instrumedtice sample variance introduced by
surface heterogeneity or roughness. It shoulddigonoted that this might improve the statistical analysis

of the data but an also potentially damage the spot at this is repeated 21 times for the photospectrometer
and 21 times for the ASD reflectance spectromel@2015 and 2016, it was observed that the heads of
both the Konica Minolta (KMand ASD spectrometers were shogicolouring, signs that instruments
measurements might be affecting the measured spots.

The initial measurements (2004 to A)Qvere acquired using onthie ASD spectrometer araGardner
(BYKphotospectraneter. These instruments aredescribed in theexperimental section of this repartn

2009 some of the automated memory retention functions of the BYK spectrophotometer started failing,
requiring laborious manual data saving. Calibration and instrument performance were unaffected. It was
decided to @ir the BYK instrument with a more modédfiv spectrophotometer glso described in this

report) and perform measurements using both instruments to explore the possibility of substituting
instruments. Since 2009, each site has been measured ircdtglisig the two instruments.

The pectral parameters were extracted from tHeSD reflectance spectrometer and include {9 depth
(D900) and minimum wavelength (W900) of the large 900nm centred absorption providing information on
the iron oxides (2) the depthof the chlorite absorption at 2250 nm after local Hull remoMaChlorite

(residual mineral from the fresh rockahd (3) he depth of the kaolinite at 2206 nm after local Hull

removal DKaolinite) and, when presergibbsite (DGibbsite) absorptions (sedary minerals resulting

from the weathering of the primary mineralsjhe plot of these spectral parameters sksariations from

year to year

For this report, combining the last two years of measuremé¢dfd 5 and 2016)acomplete statistical
analyses oéll thedata (each individual measuremefudr the three instrumentsa total 0f24,000 colour
measurementgrom 2004 to 201phas been undrtaken.

Measurement of the annual colour changesedtwo spectrophotometer techniges, the ASD aritie BYK
and KM An examination of the colour measurements as a function of time, as well as a comparison of the
two measurement techniques, has been conducted.

For boththe KM and the ASD instrumenthree-dimensional L*a*b* colour spadg.* - degree of lightness,
a* - degree of red/green, b* degree of yellow/blue), identifying a tristimulus val(lera*b*) for each
sample pointhave been calculated.

Data from the KM spectrophotometahows a trend over time in the L* measurements. Tigbtness(L)
decreasing at a modelled average rate of 0.31 units per year (a total decrease of about 2 units on this scale
is just noticeable to the human eye). However no trend is indicated in eitheteée of red/greepor b*

(degree of yellow/blug

Data from theASD spectrnmeter shows trends indicated in l(Hegree of lightnegsand a* (legree of
red/green) but not on b* @degree of yellow/blug, though the evidence is not as strong as with the KM
instrument.

The conclusion of colour change woulddearerif it was detected across all dimensions of colour (it

would be natural for colour change to be evident in all dimensions, L*, a* and b*, not only ior dwe of
them). The results are not fully conclusive ahthie measurements do reflect reablour changeas the

data suggesthen continued observations woultbntinue tomark out the trend more clearly; and if not,
observations will likely continue to fluctuate over time, making the randomness of the recueeadedion

more apparent. Site21-23 have currently only three years of observations; additional observations will be
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particularly helpful at these siteblonetheless, the indication of significant colour change is important, and
warrants closer attentionNone of the instruments demonsites a difference in the rate of change
between the northern control sites and the southern sites closer to industry

It should be noted that dta from the BYK spectrophotometer appears unreliable for drawing conclusions
on colour change in the rock art dnas such the cross calibration issues with the BYK portable
photospectrometer andhie KM photospectrometer will nlongerbe undertaken.

All the photopectrometer data (KM, BYK an&B) have been provided in an easily readable format to WA
DER for safedeping.

It should be noted that the results of this report supersede all results previously published.

For future work, it is recommended that:

1 A complete statistical analyses is done on the full spectrum of each individual ASD spectrum (not
just the vigble part i.e.L*, a* and b?.

9 A study be conducted to assess how many new sites and how many new engravings and
backgrounds should be add¢althe current locationgo increase theguality of the monitoring in
the Burrup Peninsula. In particular, new control sith similar rock types should be added to the
current ones (for instance Depuch Islantishould also be noted that by increasing the number of
independent measurement on each spot (in doing so improving statistical analysis) could also have
an advere effect on the petroglyphsThere were signs in 2015 and 2016 that instruments
measurements might be affecting the measureotspA balance should be found between
statistical endeavour and petroglyph protection.

1 One () rock sample be collected at each site (old and newtptal of 10 rocks based on current
monitoring,and brought to CSIRO in Perth to be stored in a contaithere humidity is 0% (no
water) and in an argon atmosphere (no oxygen and no oxidation) and placed in a dark area. This
will allow a comparison between the control sites, where natural weathering occurs and these
reference samples.

It isalsorecommendedhat the colour and mineralogical monitoring be complementedhe futurewith
atmospheric and microbiological monitorisgnilar to thoseconductedin the past
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1. Introduction

In response to tender number 34DIR0603 issued by the former WA Department of Industry and Resources
and morerecently under contract with the Departmenf Environmental Regulation (DERBSIRO has
measured the colour of selected petroglyphs on the Burrup Peninsula over a petlidexn years. The
requirements stipulated by the project were the measurementesidentifiable sample points on

petroglyphs annually for the measurement period.

For the lastl3 years, the petroglyphs at 7 specially selected sites in the Burrup Peninsula (Western
Australia) were measured using reflectance spectros@omy/colour spetophotometry (2004 t02016 -
Ramanaidou and Caccetta, 2005; Ramanaidou and Wells 2006; RamaetaatipRO07; Ramanaidou, et

al., 2009a; Ramanaidou et al., 2009b; Lau et al., 2010; Lau et al., 2011; Lau et aMaz2RIEY; et al., 2014;
Markley et al, 2019. In 2014 three additional sites located within akin radius of theYara Pilbara Nitrates
Pty Ltd (YPNPL) Technical Ammonium Nitrate Production Facility Project (or TAN) were added to the
monitoring programFrom 2004 to 2012 hree spots on eachngraving and 3 spots on each background
rock were measureih situusing an ASD spectrometand a spectrophotometemwith a 4" engraving and
background spot added in 2013 he spectral measurements werelogated with the colour
measurementsinitially, ateachengraving and background sps#ven spectra were acquired and

averaged with this increasing to 21 repeat measurements at each spot in 2005 to improve the statistical
robustness of the datal'he spectral variation for each spot (both ezgng and background) was also
assessedlhe colour values were crosschecked to the colour value calculated by the ASD spectrometer.

The 2004 spectral study (Ramanaidou and Caccetta, 2005) is the baseline dataset thanhesetddo
monitor potential \ariation that occurred in the lagt3 years Thethirteen-yearstudy (20042016) has
assessed thability of themineralogyto monitor and explain the mineralogical changes (if any) of seven
rock art sites in the Burrup Peninsptand an additional threeites in 2014along with analysing any colour
differences or changes
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2. Location and sampling of the petroglyphs

The sites for monitoringT@blel and Figurel) were determined by th&urrupRock Art Management

Committee, and the final decision farrepresentative petroglyph at each site (each site contains one or
Y2NB LISGNRIfeLIKa0v 61 a4 RSISNYAYSR Ay O2yadzZ GFdAz2y
representatives of the local indigenous communiiiesuding members of Murujuga Aliginal

Corporation Respecting the cultural laws of the traditional owners for the entitlement of access, the

selected petroglyphs were firstly evaluated for their suitability for scientific study, including aspetias

distance from the sealevation direction of exposurendimportantly cultural acceptability

Fortherecordi KS aA0S aStSOlAz2y FT2NJ aArdaSa Ot2asS G2 AyRdz
predominantly on predicted gas concentrat®derived from modelling by SKlshodelling isavailableon

the WADER websife In addition geology was important to ensubat both of the major rock types that
supportedthe petroglyphs granophyre and gabbtavere included

AAAAA

Initially, K NS &l YLX Ay3d WaLR (a Qe idenBiedCaid irieSch §otind ReakJS G NB I
were monitored (i.e. six sampling points per petroglyph):

Ly | NBI  Of | &a g defin€diy thezgraffit&liyied bdpediing mabks that constitute the image.
L'y | NBI Of | &aA Fas&tion df the adja@centrycH uBadeytitrarked by the petroglyph.

Initially, for spectral mineralogy, sasurements based on the average of a minimum of seven readings
wererecorded at each sampling point and tHplicate measurements were made for colourafysisIn
order to reduce to a minimum the impact of tieeasurementsa paramount parameter for sh a cultural
sensitive studythe headof the ASD spectromet (albeit inrubber) wasnot moved that is the
measurements were all collectedth the head/detectornot removed and then replaced on the spot after
each measurement

In 2013 it was decided tincrease the accuracy tie statistical analysis of measuremerig adding (1a
fourth engraving and background spm each petroglyph(2)more spectral measurementsom ten (10

to twenty one (21) readings recorded at each sampling pat(3) that the instruments (both
spectroneters) headdetector in contact with the spotvas removed and then replaced on the spot after
each measuremerdo tha 21 independent measurementsere taken at each sample poitt reduce
sample variance introduced by surface heterogeneity or roughness, and by systematitt strould be
noted thatthis might improve thestatisticalanalysis of the data budan alsopotentially damage the spot at
thisis repeated?1 times for the photospectrometer and 21 timfes the ASDreflectancespectrometer.n
2015 and 2016, it was observed that the heads of both the KM and ASD spectrometers were showing
colouring, signs thatstruments measurements might be affecting the measured spots.

A sampling area was chosen on the criteria that it had relatively unifotaucover a minimum area of
20mm, so that comparative measurements could be made between the photo spectrometé¢nand
reflectance spectroscopy.
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Tablel: Details of the sites for colour and spectral mineralogy measurements
(site 3 is not included in this study)

Site  Site name Coordinates (GDA 94, Zone 50)

1 Dolphin 484,975 7,738,503
Island
2 Gidley Island 482,166 7,740,857
4 Woodside 477,398 7,721,980
5 Burrup Rd 475,959 7,719,771
6 Water Tanks 477,698 7,720,137
7 Deep Gorge 477,956 7,717,987
8 King Bay 474,082 7,717,229
South
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Figurel: Google Earth® maps of the Burrup Peninsula with tbeation of thepetroglyphs.

For thethree additional sites included as part of this study the Yara Pilbara Nitrates Pty Ltd (YPNPL)
Technical Ammonium Nitrate Production Facility Project, a similar approastadopted where
consideration wa given to the location of the plant site antd 2 km radius relative to the wind main
directions through the year (Figure 2). Thlelers of the Murujuga Aboriginal Corporation made the
ultimate decision The monitoring consists of six monitoring sites within 2km of the plant site. Three
existing site labelled 5 or Burrup Road, 6 or Water Tanks and 7 or Deep Gorge (Figure 2) from the
(BRATWG) monitoring program and three additional monitoring sites witkin @f plant site labelled 21
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or Yara West, 22 or Yara North East and 23 or Yara East (Figardy 2014, the three additional sites
(21, 22 and 23) became part of the BRATWG monitoring program with AGewenitoring sites.

WIND SFEED
o)

| i)
e
| e

0s-28
Cewrme 3 00%

|:| Registered Petroglyph sites @ 7 BRATWG petroglyphs monitoring site

_—~ National Heritage 21 New petroglyphs monitoring site
_— 2 km buffer around project site

Figure2: New sites (Yellow numbers) with dominant wind directions and speed.

Table2: Coordinates (GDA 94, Zone)5df the 6 sites measuretbr the TAN Monitoring project

Site Site name Coordinates (GDA 94, Zone 50)

5 Burrup Rd 475,959 7,719,771

6 Water Tanks 477,698 7,720,137

7 Deep Gorge 477,956 7,717,987

21  YaraWest 476,558 7,719223

22  YaraNorth 479,112 7,720155
East

23  Yara East 478,849 7,719,565
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3. Petroglyphs(This section is fron Ramanaidou
and Fonteneau, 2015 and 2017

The term petroglyph is derived from the Greek woYgistroStineaning rock or stone arndlypheinQ

meaning to carve. Petroglyphs are human artefacts produced by partly removing a rock surface by
engraving, pecking, pounding or carving using a chisel. In Australia and, in particulaBimrine

Peninsulait has ben demonstrated that the petroglyphs were created mainly by pounding and pecking
(Maynard, 1977; Bednarik, 1998, 2007). Bugrup Peninsuld & K2YS (G2 GKS 62 NI RQa
Aboriginal petroglyphs.

The primary lithology of th8urrup Peninsulégs dominated by granophyre and gablitatedat around 2.7
billion years oldThese rocks have been subjected to weathering and display a core of fresh rock
surrounded by acail KA O1 &t S(a hakkSime dutlihe® yisSleached zondrigured) in turn covered

by a thin iron oxide rich skiffrigure 3)The petroglyphs were carved by removing the few top millimetres
of the iron oxiderich layer to expose the lightéeached zone. The contrast between the original reddish
background and the lighter coloured etching makes it obvious to the nakedbgdeached zone is
characterised by an augmentation of the porosigcauseof the dissolution of primary minerals as Was

an increase of both kaolinite and goethite. Partial goethitisation of thbdaing minerals such as chlorite,
magnetite, hematite and actinolite in granophyre and chlorite, actinolite, augiggabbro hasccurred.

The Alrich minerals such as fidpar, chlorite, epidote and muscovite are partially replaced by kaolihge.
the amount of primary minerals decreases, the amount of secondary minerals (resulting from weathering)
increases. fie redorange mmthick outer surface coatindg-{gure 3 is chaacterised by a further increase in
kaolinite, hematite and goethite. Some of the most weathering resistant primary minerals such as quartz
and chlorite are stilpresent

1
p

rono g
IFRAQ !0¢m

Figure3. Weathered granophyre with Munsell colour inctling (1)fresh rock (7.5B 5/2)(2) leached zone (7.5YR
4/2) and (3)surface coating (2.5YR 4/4)

An increase iphosphorus (Pin both the leached and surface zones bagen observed for all samples with
a maximum measured in the leached zd@enFigure3). This increase in:Bs in the leached and surface
zones igespectively 12imes and 6 times more compared to the fresh rotkis addition of phosphorus
can only be explained by an external source of P namely guano (bird droppings) a natural fefrtikzer.
composition of seabird guano mainly includes ammonium oxalatés0,s) and urate (€HNsOs),
phosphates (NH4PQ. Guano typically contains 8 to 16%ngent nitrogen (mainly uric acid), 8 to 12%
equivalent phosphoric acid, and 2 to 3% equivalent potefgnce, the bird dropping will not only add
phosphorus to the rocks but also nitrogen (Rixd dropping from seagulls are frequently found on the
surfaces of the gabbros and granophyres including the petrogl{figare4).
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Figure4. Brd droppings on Murujuga rocks
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4. Colour Measurement

4.1 Introduction

Portable, haneheld spectrophotometry was identified as a suitable technigue. It has been recognised as a
repeatable way of recording colour in units of standard CIE chromaticity coordinatesjnamatexts,

including archaeological situations (Mirti, 2009IE chromaticity coordinates are an internationally
recognised numerical system of permanently and objectively describing the colour of a surface or material
as a point in threalimensional L&*b* colour spacgL* - degree of lightness, a*degree of red/green, bt
degree of yellow/blue)identifying a tristimulus value (L*a*b*) for each sample point.

In situmonitoring of degradative change through colour measurement has been reported by Miretehdi

al. (2001) who undertooka pilot study designed for monitoring and modelling the deterioration of paint
residuesin a cave environment through digital image camripons with a reference image. The template
matching technique was considered unsuitable and impractical for the Burrup study for two reasons:
a) Template matching, as described Myrmehdiet al. (2001) would require the collection of digital
images with epeatable and controlled spectral illumination, angle of incidence and collection.
Burrup petroglyphs are located in remote, exposed locations, and it would not be possible to

control the colour, temperature and angle of the ambient lighting easily witlhdatking all the
ambient daylight, or collecting imagasnight with the ambient moon and starlight removed.

b) The effect of metamerism in relation to the reference template and rock surface has not been
accounted for. It is well known that surfaces appegrsimilar in colour under one set of
illumination conditions can appear dramatically different with another spectral illuminant or angle
of incidence. The reference template is a glossy (laminated) smooth surface, while the rocks in this
study are signi€antly rougher.

4.2 Experimental Methodology

¢tKS RAFTFSNBYOS 06Si6SSy (g2 02t 2dzNER YSIFad2NBRR AyaidN
EmpfindungzthatY ST yad  RAFFSNBYOS Ay aSyaltdAzyoe ! np9o @It
standard CIE colour difference method, and measures the distance between the two colours, calculated in

3D L*a*b* colourspaceln this way, colour difference can be evaluated through measuring the tristimulus

gl tdzSa 2F LRAyGa 2 @S NduatétheSdourdifdRendd with Gzt Thisiehaplad the9 G 2
colour contrast between an engraving and a rock surface to be monitored to evaluate whether it is

decreasing.

¢tKS RATFSNBYOS 06Sii6SSy (g2 02t 2d2NEI qgedcefodblyy 0S S@
(Hunter, 1987)In CIE L*a*b* space, the difference is:

nolk o I 206 bk foF°8 F 0
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This was used to evaluate the colour change of single points between consecutive years over which the
monitoring occurred, viz.:

~

[AverageMeasurement Year 1
nE
AwverageMeasurement Yea2 OverallnE or
nE each point
AwverageMeasurement Year 3
. N 4 NE
AwerageMeasurementYear 4

In 2009, &Konica Minolta CMrO0dspectrophotometer was used during the field data collection trips to
evaluate its suitability and practical handling features, and was found to be reliable and well suited to the
purpose Thespectrophotometerthas a flat conical heatbnfiguration thatprovided an improved

repeatability on the rougher rock surfaces (Fighyerhe measurement head has a diameted 6inm,

whichis half ofthe instrument used in parallel for spectmaineralogy measurements & FieldSpec Pro

head diameter is 2éhm). Theincreased measurement field diameter reduces the effect of surface
heterogeneity on the overall averaged colour measuremdihie instrument specifications are given in
Table3.

In SCE mode, the specular reflectance is excluded from the measurement and only the diffuse reflectance is
measured. This producescalourevaluation thatcorrelates to the way the observer sees ttwlourof an

object. When using the SCI mode, the specular reflectance is included with the diffuse reflectance during

the measurement process. This typecofourevaluation measures total appearance independent of

surface conditions.

Figure5: Konca Minolta CM700dspectrophotometer.
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Table3: Instrument Specifications for the Konica Minolta GRDOd spectrophotometer.

Colour Space Observer lluminant Measurement/

L*a*b* 10° D65csimulated daylight MeetirEibion g

{ ! £ YY YOkou c
Light source Measurement Repeatability
time Spectral reflectanceStandard

Pulsed xenon deviation within 0.1%

lamp Approx. 1 second
(with UV cut

filter)

Allmeasurementgrom 2013 were collected using the Konica MinqkaM)spectrophotometer For the
resultspresented in this report, years 2002016 were collected using the KM spectrophotometer, while
2004-2008were BYK spectrophotometer dataeethe 2014 report for further details otheir comparison
of the two spectrophotometers)

4.3 Results and Discussion

4.3.1 YEAR TO YEAR COLOUHERENCES

The following pages present photographs of the monitored petroglyphs at each site, showing the sampling
points of engravings and background rock, and the average colour measurements that were recorded at
these points each yeafhefourth engraving and baground analysis spatsew in 2013are indicated in

these photos.

The originatlata collection in 2004onsisted of armverage of seven colour measurements (L*a*b*) at each
sample point. However, when in the field, it became apparent that additional measurements would be
useful to evaluatestatisticallythe variability of measurements$n the second year of colour measurents,

21 independent measurements were taken at each sample point (3 times thaalljgntended 7
measurementsjo reduce sample variance introduced by surfae¢ehogeneity or roughness, and by
systematic erro. For clarity, the raw data havet beenincluded here, but averages of the data are
presented with the colour difference measurements calculated with the standard CIE methods.
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Figure6: Site X Dolphin Island(White scale baiis 50 cm)
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Table4: Average Colour Measurements for Site; Dolphin Island (2004 2016).
Note: KM measurementsrein red. No comparison calculated for 20@® due to change of instrument.

Colour scale Col our diff er enhamgd
Sample L* a* b* from previous year)
Site 1 Spot 1 Engraving
Average 2016 40.72 9.59 16.86 2.67
Average 2015 4335 9.16 16.74 1.77
Average 2014 4180 8.78 1597 1.34
Average 2013 4293 935 1641 0.88
Average 2012 4276  9.79  17.15 0.38
Average 2011 4242 983 17.32 0.48
Average 2010 4285 9.74 17.13 1.48
Average 2009 4176  9.22  16.28
Average 2008 19.10 454 1245 2.34
Average 2007 1716 571  13.03 2.39
Average 2006 16.79 3.83 11.59 3.04
Average 2005 14.97 6.08 12.53 2.16
Average 2004 14.32 8.08 13.00 0.00
Site 1 Spot 1 Background
Average 2016 33.19 11.11 9.69 0.82
Average 2015 3266 1048 9.72 0.88
Average 2014 3342 10.66 9.32 1.15
Average 2013 3255 1117 9.87 0.45
Average 2012 33.00 1121 9.81 0.89
Average 2011 32.82 10.34 9.75 1.47
Average 2010 33.78 11.18 10.48 0.60
Average 2009 33.44 10.87 10.08
Average 2008 2991 11.10 11.22 1.72
Average 2007 28.24 10.69 11.14 1.16
Average 2006 28.97 10.29 10.33 1.84
Average 2005 27.66 11.26 11.20 2.24
Average 2004 29.87 11.20 10.79 0.00
Site 1 Spot 2 Engraving
Average 2016 3258 16.92 18.44 1.36
Average 2015 3210 16.46 17.25 1.61
Average 2014 33.26 16.88 18.28 2.55
Average 2013 3226 1571 16.24 1.37
Average 2012 33.14 16.23 17.16 1.20
Average 2010 33.81 16.77 17.99 2.39
Average 2010 32.28 1591 16.37 1.58
Average 2009 33.24 1654 17.46
Average 2008 1496 11.17 13.53 3.52
Average 2007 12.13 9.76  11.98 4.89
Average 2006 8.37 8.22 9.26 1.84
Average 2005 7.91 9.84  9.99 0.69
Average 2004 8.43 9.62 959 0.00
Site 1 Spot 2 Background
Average 2016 31.01 1151 11.62 2.87
Average 2015 31.37 957 9.54 0.62
Average 2014 3165 9.11 9.24 1.58
Average 2013 30.34  8.39 8.72 4.85
Average 2012 3241 11.62 11.68 3.84
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Average 2011 30.37 8.97 9.79 2.59
Average 2010 32.05 10.65 10.83 1.72
Average 2009 31.76  9.64 9.47

Average 2008 2635 951 1143 6.11
Average 2007 2096 7.06 9.92 8.54
Average 2006 28.82 10.21 11.06 7.88
Average 2005 2098 9.46  11.46 6.74
Average 2004 27.66 10.35 11.87 0.00

Site 1 Spot 3 Engraving

Average 2016 39.63 14.31 18.82 0.70
Average 2015 39.06 14.70 18.96 0.51
Average 2014 38.66 14.47 19.18 121
Average 2013 38.87 13.83 18.18 1.15
Average 2012 37.79 1399 17.81 1.51
Average 2011 39.11 14.08 18.54 0.79
Average 2010 38.53 14.36 19.00 1.29
Average 2009 39.81 1452 19.06

Average 2008 3298 11.15 17.56 6.37
Average 2007 26.72 10.16 16.94 3.60
Average 2006 2322 10.68 16.27 3.16
Average 2005 2567 1225 1751 3.02
Average 2004 28.67 12.12 17.18 0.00

Site 1 Spot 3 Background

Average 2016 29.27 12.16 12.2 3.27
Average 2015 29.69 9.89 9.88 4.02
Average 2014 29.49 1247 1296 0.72
Average 2013 29.17 1225 12.36 4.22
Average 2012 30.21  9.47 9.36 1.77
Average 2011 30.14 10.67 10.67 0.52
Average 2010 29.75 10.44 1040 0.26
Average 2009 29.97 1057 1042

Average 2008 1514 7.48 10.02 4.29
Average 2007 19.09 8.97 10.76 6.43
Average 2006 13.07 7.30 9.25 2.43
Average 2005 1145 8.75 10.33 2.44
Average 2004 1342 798 911 0.00

Site 1 Spot 4 Engraving
Average 2016 38.02 13.46 18.19 3.36
Average 2015 41.25 13.79 19.07 6.87
Average 2014 35.08 12.09 16.57 4.28
Average 2013 38.39 1395 18.56
Site 1 Spot 4 Background

Average 2016 29.27 1216 12.20 0.79
Average 2015 28.65 1254 1251 0.18
Average 2014 28.73 1241 1242 2.10
Average 2013 2949 1117 1091
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Figure7: Site 2¢ Gidley Islandwhite scale baris 10 cm)
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Table5: Average Colour Measurements for Site;Z5idley Island (2004 2016).
Note: KM measurementsrein red. No comparison calculated for 20@® due to change of instrument.

Colour scale Colour differ{
Sample L* a* b* (change from previous year)
Site 2 Spot 1 Engraving

Average 2016 44,42 9.40 18.60 3.36
Average 2015 4345 9.36 1852 5.59
Average 2014 38.34 8.70 16.34 1.97
Average 2013 40.17 9.06 16.98 0.40
Average 2012 39.83 9.22 16.83 3.25
Average 2011 42.78 9.31 18.20 0.35
Average 2010 43.06 944  18.37 454
Average 2009 38.80 9.33 16.81

Average 2008 3299 7.11 16.02 2.23
Average 2007 31.06 7.44 1496 3.72
Average 2006 3410 7.79 17.07 1.62
Average 2005 3358 9.26 17.50 2.29
Average 2004 3190 8.96 15.98 0.00

Site 2 Spot 1 Background

Average 2016 2985 931 10.23 3.38
Average 2015 3212 9.76  12.69 1.46
Average 2014 32.63 10.43 13.88 2.36
Average 2013 31.68 10.04 11.76 1.30
Average 2012 30.53 9.96 11.16 1.23
Average 2011 31.65 10.36 11.47 1.68
Average 2010 3233 1041 13.01 1.76
Average 2009 3144 9.88 11.58

Average 2008 2891 953 13.25 4.47
Average 2007 2542 7.93 10.97 1.86
Average 2006 2654 9.16 11.82 2.14
Average 2005 27.01 9.88 13.77 4.63
Average 2004 2251 9.00 13.20 0.00

Site 2 Spot 2 Engraving

Average 2016 4443 10.46 20.25 0.22
Average 2015 4444 10.66 20.34 0.82
Average 2014 45.08 11.00 20.72 1.53
Average 2013 43.89 1196 20.80 0.85
Average 2012 44,14 1119 20.52 0.43
Average 2011 44.44 10.99 20.76 0.79
Average 2010 44,68 1158 21.24 1.27
Average 2009 4512 12.68 21.68

Average 2008 3487 9.18 19.76 1.18
Average 2007 3390 9.84 19.67 0.81
Average 2006 3410 9.11 19.37 1.72
Average 2005 34.02 10.67 20.11 3.30
Average 2004 31.01 10.15 18.84 0.00

Site 2 Spot 2 Background

Average 2016 27.77  9.80 9.36 1.86
Average 2015 28.63 10.81 10.66 0.28
Average 2014 28.80 11.02 10.57 1.07
Average 2013 28.72 10.14 9.96 1.34
Average 2012 29.60 10.55 10.89 1.03
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Average 2011 28.86 11.27 10.88 0.53
Average 2010 29.37 11.26 11.01 1.40
Average 2009 29.80 12.46 11.60

Average 2008 2694 1135 12.23 1.85
Average 2007 26.14 10.73 10.68 1.40
Average 2006 2699 1149 1149 2.09
Average 2005 26.42 12.71 13.09 2.89
Average 2004 25.80 10.77 11.04 0.00

Site 2 Spot 3 Engraving

Average 2016 4250 10.53 19.69 0.11
Average 2015 4242 10.50 19.62 421
Average 2014 39.24 1320 20.18 1.81
Average 2013 39.50 1163 1931 1.69
Average 2012 41.07 12.02 19.81 2.19
Average 2011 42,79 10.67 19.83 3.25
Average 2010 40.16 1256 20.13 3.62
Average 2009 43.29 10.74 19.94

Average 2008 28.87 9.67 18.98 7.70
Average 2007 36.55 9.48 19.57 3.78
Average 2006 33.04 10.82 20.02 0.82
Average 2005 33.22 1056 19.26 557
Average 2004 27.68 10.56 18.70 0.00

Site 2 Spot 3 Background

Average 2016 31.83 13.18 17.07 0.83
Average 2015 31.12 1281 16.85 0.80
Average 2014 30.96 13.58 16.97 1.43
Average 2013 30.21 1254 16.33 0.58
Average 2012 29.67 12.63 16.16 1.38
Average 2011 30.88 1285 16.79 1.26
Average 2010 31.72 1352 17.46 1.19
Average 2009 30.85 13.06 16.78

Average 2008 2135 1154 1550 6.66
Average 2007 16.10 8.75 12.49 2.70
Average 2006 1582 10.24 14.72 6.40
Average 2005 2140 1257 16.82 2.68
Average 2004 18.82 1225 16.15 0.00

Site 2 Spot 4 Engraving
Average 2016 4253 1474 21.78 0.71
Average 2015 4206 14.26 21.58 2.08
Average 2014 4188 16.17 22.38 1.73
Average 2013 41.73 1462 21.63
Site 2 Spot 4 Background

Average 2016 38.42 20.97 22.88 3.26
Average 2015 35.69 1952 21.86 0.39
Average 2014 36.00 19.32 21.73 2.67
Average 2013 38.12 20.61 22.72
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Figure8: Site 4¢ Woodside(White scale baris 10 cm)
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Table6: Average Colour Measurements for Site; 4Voodside (2004 2016).
Note: KM measurementsrein red. No comparison calculated for 20@® due to change of instrument.

Colour scale Colour differ
Sample L* a* b* (change from previous year)
Site 4 Spot 1 Engraving

Average 2016 3420 1565 18.38 0.97
Average 2015 34.00 16.41 18.95 0.81
Average 2014 33.85 16.02 18.26 0.90
Average 2013 3434 16.21 18.99 0.74
Average 2012 34.10 1589 18.37 0.84
Average 2011 3420 16.31 19.09 0.28
Average 2010 34.33 16.12 18.93 4.10
Average 2009 38.09 16.75 20.46

Average 2008 25,82 13.03 17.71 0.80
Average 2007 2559 1362 18.20 0.64
Average 2006 2536 13.07 17.96 2.44
Average 2005 23.27 1426 18.34 1.17
Average 2004 22.72 1384 17.40 0.00

Site 4 Spot 1 Background

Average 2016 29.51 13.38 1391 0.55
Average 2015 29.88 13.68 14.19 0.86
Average 2014 29.15 1348 13.77 0.92
Average 2013 30.01 1352 14.11 0.65
Average 2012 30.57 13.68 14.39 0.30
Average 2011 30.37 13.89 14.48 0.43
Average 2010 30.77 13.81 14.60 3.03
Average 2009 33.53 14.64 15.53

Average 2008 21.72 1097 13.27 2.43
Average 2007 19.29 10.98 13.27 1.55
Average 2006 20.71 1113 13.88 2.03
Average 2005 19.22 1250 14.02 1.12
Average 2004 20.10 12.06 13.50 0.00

Site 4 Spot 2 Engraving

Average 2016 33.50 15.71 18,55 0.86
Average 2015 3298 1575 17.86 0.97
Average 2014 32.09 1596 18.20 1.47
Average 2013 33.33 15.16 18.23 0.64
Average 2012 32.69 1525 1831 1.40
Average 2011 3394 1589 18.34 0.57
Average 2010 3390 1566 17.83 0.66
Average 2009 3455 1574 17.82

Average 2008 20.38 11.12 15.20 4.42
Average 2007 16.11 10.67 14.17 1.79
Average 2006 14.47 10.11 13.72 2.25
Average 2005 1455 1192 15.05 1.26
Average 2004 1456 10.86 14.38 0.00

Site 4 Spot 2 Background

Average 2016 30.60 1348 14.34 1.81
Average 2015 31.64 1452 15.39 0.77
Average 2014 3192 14.07 1484 0.80
Average 2013 32.69 1417 15.05 0.65
Average 2012 32.39 1458 15.47 0.77
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Average 2011 31.68 14.39 15.24 1.88
Average 2010 33.19 1490 16.24 1.65
Average 2009 3234 14.33 14.95

Average 2008 26.04 1248 15.51 1.96
Average 2007 2440 1256 14.44 3.66
Average 2006 27.78 1347 15.52 1.65
Average 2005 26.27 13.66 16.13 0.35
Average 2004 26.52 1390 16.11 0.00

Site 4 Spot 3 Engraving

Average 2016 33.25 15.68 18.56 3.84
Average 2015 36.68 16.66 19.99 0.98
Average 2014 35.86 16.36 19.54 1.86
Average 2013 37.39 16.75 20.51 0.67
Average 2012 36.93 16.42 20.17 0.51
Average 2011 3711 16.78 20.49 0.56
Average 2010 36.89 16.57 20.02 2.75
Average 2009 34.67 15.84 18.57

Average 2008 2453 1251 18.03 5.04
Average 2007 19.69 1191 16.76 4.84
Average 2006 2431 1243 18.13 261
Average 2005 2342 1449 1948 1.83
Average 2004 2241 1368 18.19 0.00

Site 4 Spot 3 Background

Average 2016 32.18 1448 15.55 1.84
Average 2015 3346 1511 16.71 1.60
Average 2014 3229 1460 15.74 0.86
Average 2013 33.14 1463 15.78 1.40
Average 2012 32.10 1399 15.10 5.15
Average 2011 3155 1341 10.01 7.04
Average 2010 33,53 1497 16.58 3.98
Average 2009 30.84 1347 14.06

Average 2008 2579 12.62 15.06 2.75
Average 2007 27.83 1388 1641 2.02
Average 2006 28.76 13.10 14.79 4.00
Average 2005 2530 13.83 16.65 1.99
Average 2004 26.33 13.30 15.04 0.00

Site 4 Spot 4 Engraving
Average 2016 3420 1565 18.38 1.67
Average 2015 3541 1649 19.17 1.01
Average 2014 3580 16.64 20.09 0.77
Average 2013 36.32 16.23 19.70
Site 4 Spot 4 Background

Average 2016 31.72 13.74 1493 251
Average 2015 33.36 14.86 16.46 1.58
Average 2014 32.60 1441 15.13 0.83
Average 2013 31.86 14.28 15.49
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Figure9: Site 5¢ Burrup RoadWhite scalaris 10 cm)
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Table7: Average Colour Measurements for SitegBurrup Road (2004 2016).
Note: KM measurementsrein red. No comparison calculated for 20@® due to change of instrument.

Colour scale Col our di ffen
(change from previous
Sample L* a* b* year)
Site 5 Spot 1 Engraving
Average 2016 37.71 18.95 22.80 1.08
Average 2015 38.77 19.15 22.81 4.73
Average 2014 36.69 16.83 19.25 0.80
Average 2013 35.93 16.78 19.48 2.83
Average 2012 38.07 17.80 21.02 1.66
Average 2011 38.06 18.67 22.44 0.81
Average 2010 38.74 18.47 22.04 2.52
Average 2009 39.87 19.89 23.79
Average 2008 26.73 14.82 19.44 1.84
Average 2007 27.80 15.74 20.62 6.52
Average 2006 21.82 13.58 19.19 2.33
Average 2005 22.23 15,50 20.44 4.38
Average 2004 18.90 1424 17.88 0.00
Site 5 Spot 1 Background
Average 2016 35.71 16.58 17.79 2.53
Average 2015 35.17 1496 15.92 0.72
Average 2014 34.88 14.65 15.33 2.65
Average 2013 35.78 15.77 17.56 3.63
Average 2012 35.08 13.69 14.67 0.52
Average 2011 34.58 13.60 14.52 1.10
Average 2010 35.20 14.08 15.30 3.83
Average 2009 31.40 1432 14.89
Average 2008 27.57 13.69 16.32 2.04
Average 2007 29.04 13.18 15.00 3.64
Average 2006 29.53 10.88 12.22 6.28
Average 2005 27.38 14.45 16.92 5.13
Average 2004 22.94 12.89 14.88 0.00
Site 5 Spot 2 Engraving
Average 2016 39.07 21.10 24.59 2.50
Average 2015 37.88 19.67 22.92 1.09
Average 2014 38.59 20.21 23.54 3.98
Average 2013 35.15 18.61 22.35 1.96
Average 2012 37.07 18.97 22.30 2.17
Average 2011 38.17 20.31 23.60 1.09
Average 2010 38.26 19.53 22.85 0.68
Average 2009 37.99 19.53 22.22
Average 2008 22.31 13.93 18.02 2.87
Average 2007 19.47 13.54 18.22 8.99
Average 2006 27.52 16.20 21.24 4.86
Average 2005 22.76 16.80 22.02 1.68
Average 2004 22.99 16.78 20.35 0.00
Site 5 Spot 2 Background

Average 2016 29.98 1455 15.20 0.67
Average 2015 30.65 1457 15.14 0.42
Average 2014 30.28 14.76 15.20 0.94
Average 2013 31.09 14.44 14.87 0.22
Average 2012 31.16 14.58 15.02 0.24
Average 2011 31.20 1436 15.11 1.14
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Average 2010 32.05 1477 15.75 0.33
Average 2009 32.16 14.78 15.44

Average 2008 29.94 13.70 15.58 1.53
Average 2007 29.02 14.63 16.37 2.32
Average 2006 27.19 13.76 15.23 3.61
Average 2005 29.53 15.28 17.53

No
Average 2004 measurements
Site 5 Spot 3 Engraving

Average 2016 39.59 19.94 23.68 0.59
Average 2015 39.58 19.36 23.79 1.14
Average 2014 39.00 18.68 23.08 0.86
Average 2013 38.21 18.94 22.85 1.46
Average 2012 39.26 19.66 23.57 0.35
Average 2011 39.26 19.46 23.86 0.75
Average 2010 40.00 19.48 23.94 2.77
Average 2009 39.13 18.51 21.50

Average 2008 34.14 18.58 23.81 3.57
Average 2007 37.22 18.98 25.58 2.97
Average 2006 35.58 17.40 23.67 7.25
Average 2005 28.45 17.51 22.35 9.24
Average 2004 36.88 20.01 25.21 0.00

Site 5 Spot 3 Background

Average 2016 34.70 15.86 17.40 2.55
Average 2015 35.50 1452 15.38 5.17
Average 2014 32.62 11.61 12.22 1.01
Average 2013 32.53 12.21 13.02 2.61
Average 2012 34.07 13.66 14.55 2.41
Average 2011 34.46 1252 12.47 5.16
Average 2010 36.45 15.67 16.04 1.50
Average 2009 35.74 1452 15.39

Average 2008 21.32 11.77 14.06 7.48
Average 2007 16.96 7.26  9.99 17.28
Average 2006 32.64 13.27 14.07 6.72
Average 2005 26.14 14.02 15.60 1.00
Average 2004 25.31 13.75 15.11 0.00

Site 5 Spot 4 Engraving
Average 2016 37.75 19.71 22.83 1.16
Average 2015 37.30 19.09 21.96 0.22
Average 2014 37.27 19.30 22.02 0.49
Average 2013 37.69 19.24 22.26
Site 5 Spot 4 Background

Average 2016 33.27 16.71 17.88 1.85
Average 2015 3251 1550 16.71 0.53
Average 2014 32.93 15.58 16.40 1.13
Average 2013 32.44 14.87 15.68
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FigurelO: Site 6¢ Water TankgWhite scale batis 10 cm)
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Table8: Average Colour Measurements for Siteg@ater Tanks (2004 2016).
Note: KM measurementsrein red. No comparison calculated for 20@® due to change of instrument.

Colour scale Col our di ff ¢
(change from previous
Sample L* a* b* year)
Site 6 Spot 1 Engraving
Average 2016 40.31 12.23 17.96 1.87
Average 2015 40.76 10.87 16.76 0.48
Average 2014 40.29 10.89 16.68 1.47
Average 2013 4092 11.80 17.65 0.97
Average 2012 40.64 11.19 16.96 0.28
Average 2011 40.74 11.34 17.17 0.49
Average 2010 40.31 1151 17.34 0.72
Average 2009 41.00 1156 17.13
Average 2008 3415 9.73 16.80 0.39
Average 2007 3437 996 17.03 2.87
Average 2006 36.83 11.28 17.69 1.28
Average 2005 3571 1156 18.24 5.56
Average 2004 30.20 12.27 18.25 0.00
Site 6 Spot 1 Background
Average 2016 39.07 13.16 17.50 0.83
Average 2015 39.50 13.66 18.00 1.29
Average 2014 39.47 12.75 17.08 0.25
Average 2013 39.24 1265 17.11 0.81
Average 2012 39.45 13.27 17.60 0.60
Average 2011 38.87 13.17 17.45 0.73
Average 2010 39.46 1351 17.72 0.28
Average 2009 39.61 13.34 17.57
Average 2008 3594 1171 1755 2.16
Average 2007 36.95 13.32 1857 0.45
Average 2006 36.89 13.76 1851 3.02
Average 2005 34.04 12.80 18.20 2.85
Average 2004 36.87 13.22 18.25 0.00
Site 6 Spot 2 Engraving
Average 2016 39.25 1157 16.85 0.91
Average 2015 39.87 10.99 16.53 1.29
Average 2014 39.24 1196 17.10 0.90
Average 2013 39.86 11.36 16.85 1.09
Average 2012 38.83 11.70 16.91 1.19
Average 2011 39.97 11.39 16.79 0.40
Average 2010 39.64 11.48 16.99 0.64
Average 2009 40.09 11.47 1654
Average 2008 3414 9.62 16.25 1.14
Average 2007 33.69 1043 16.91 0.72
Average 2006 3347 11.10 16.81 2.28
Average 2005 31.25 1124 17.31 2.53
Average 2004 33.73 11.01 16.87 0.00
Site 6 Spot 2 Background

Average 2016 37.83 13.38 16.88 1.14
Average 2015 37.79 1257 16.08 1.73
Average 2014 37.08 1216 15.21 2.14
Average 2013 38.52 1280 16.66 1.39
Average 2012 3791 1214 1561 1.93
Average 2011 38.33 1345 16.96 0.55
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Average 2010 38.01 13.23 16.57 1.37
Average 2009 38.49 12.33 15.64
Average 2008 36.20 12.05 16.95 1.27
Average 2007 3520 1195 16.18 0.78
Average 2006 3590 1198 15.83 1.09
Average 2005 34.86 11.90 16.12 1.72
Average 2004 35.27 13.08 17.31 0.00
Site 6 Spot 3 Engraving
Average 2016 39.08 1195 16.95 2.05
Average 2015 39.48 10.53 15.52 1.60
Average 2014 38.18 11.36 15.93 0.86
Average 2013 38.92 1168 16.22 0.76
Average 2012 39.31 11.02 16.17 0.74
Average 2011 38.72 1145 16.03 0.36
Average 2010 38,53 11.62 16.29 11.46
Average 2009 (bird droppings on

spot)* 48.77  7.27  13.53
Average 2008 3559 961 15.75 151
Average 2007 34.18 10.03 16.08 0.86
Average 2006 3349 10.26 15.62 2.56
Average 2005 3497 1145 17.34 1.54
Average 2004 36.39 11.09 16.88 0.00

Site 6 Spot 3 Background
Average 2016 38.26 13.06 16.63 2.34
Average 2015 37.32 1462 18.10 3.89
Average 2014 38.72 11.79 15.83 1.62
Average 2013 38.48 13.00 16.88 0.33
Average 2012 38.55 13.33 16.93 1.48
Average 2011 3891 12.00 16.39 0.63
Average 2010 38.65 12.30 15.90 1.20
Average 2009 38,57 13.30 16.55
Average 2008 36.53 1229 17.21 2.03
Average 2007 3556 13.65 18.37 3.81
Average 2006 36.03 1119 1551 3.31
Average 2005 35,59 1340 17.93 1.45
Average 2004 36.88 12.77 17.69 0.00
Site 6 Spot 4 Engraving
Average 2016 40.48 11.45 16.89 1.29
Average 2015 40.26 10.58 15.97 1.13
Average 2014 3947 1126 16.42 1.68
Average 2013 41.12 10.97 16.58
Site 6 Spot 4 Background

Average 2016 39.41 13.24 16.77 2.11
Average 2015 39.95 1424 1855 2.41
Average 2014 38.94 13.10 16.68 0.68
Average 2013 39.43 13.37 17.05
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Figurell: Site 7¢ Deep GorgdWhite scale batis 25 cm)
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Table9: Average Colour Measurements for Site; Deep Gorge (2004 2016).
Note: KM measurementsrein red. No comparison calculated for 20@® due to change of instrument.

Colour scale Colour diffen
(change from previous
Sample L* a* b* year)
Site 7 Spot 1 Engraving
Average 2016 38.23 1454 19.07 1.29
Average 2015 37.24 1411 18.36 0.29
Average 2014 37.24 1440 18.37 3.10
Average 2013 34.24 13.87 17.79 0.95
Average 2012 35.06 1419 18.15 2.77
Average 2011 37.71 1456 18.85 1.40
Average 2010 39.05 14.76 19.20 2.54
Average 2009 36.54 14.77 18.82
Average 2008 26.36 12.19 1855 12.38
Average 2007 16.41 835 12.26 3.56
Average 2006 12.89 8.47 11.74 17.84
Average 2005 28.13 14.49 18.79 23.71
Average 2004 7.10 8.55  9.60 0.00
Site 7 Spot 1 Background
Average 2016 28.18 13.19 13.99 3.54
Average 2015 25.67 11.61 12.06 7.88
Average 2014 31.05 1558 16.21 3.14
Average 2013 29.54 13.15 14.93 0.75
Average 2012 29.18 13.81 14.96 1.42
Average 2011 27.90 13.79 14.34 1.04
Average 2010 28.73 14.07 14.89 1.14
Average 2009 29.81 13.97 15.25
Average 2008 16.18 9.78 13.47 1.42
Average 2007 16.65 11.04 13.94 3.35
Average 2006 19.85 12.01 14.06 3.00
Average 2005 17.04 1299 13.74 1.41
Average 2004 17.08 13.26 15.13 0.00
Site 7 Spot 2 Engraving
Average 2016 34.34 14.28 17.14 0.99
Average 2015 33.98 13.78 16.37 3.12
Average 2014 31.22 15.24 16.45 1.95
Average 2013 32.87 1421 16.49 1.73
Average 2012 33.76 12.98 15.66 2.57
Average 2011 33.90 15.17 17.00 0.29
Average 2010 33.84 1490 17.10 0.94
Average 2009 34.65 1529 17.38
Average 2008 11.93 10.08 11.82 1.14
Average 2007 12.71 10.43 1258 10.65
Average 2006 5.50 566 6.36 6.80
Average 2005 11.02 8.56  9.07 8.75
Average 2004 3.51 6.44 512 0.00
Site 7 Spot 2 Background

Average 2016 26.31 12.23 12.36 2.33
Average 2015 28.62 12.48 12.53 1.29
Average 2014 27.38 12.73 12.27 0.91
Average 2013 27.39 12.91 13.16 4.30
Average 2012 31.50 13.70 14.17 2.90
Average 2011 28.99 14.85 15.06 1.80
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Average 2010 30.76 1452 14.98 1.96
Average 2009 30.27 16.07 16.09
Average 2008 19.81 10.19 12.97 3.72
Average 2007 16.62 12.07 13.37 1.25
Average 2006 17.85 11.89 13.48 3.49
Average 2005 14.56 12.93 12.97 10.14
Average 2004 24.65 12.01 13.36 0.00

Site 7 Spot 3 Engraving
Average 2016 31.90 14.18 16.29 2.38
Average 2015 33.77 12.88 15.59 1.76
Average 2014 32.53 14.04 16.07 1.60
Average 2013 34.09 14.02 16.40 1.02
Average 2012 34.29 13.18 15.84 1.72
Average 2011 35.02 1446 16.72 0.84
Average 2010 35.67 13.94 16.56 2.13
Average 2009 33.55 13.80 16.35
Average 2008 3.00 190 3.26 0.51
Average 2007 2.62 216 3.03 15.06
Average 2006 12.77 9.35 11.52 15.86
Average 2005 2.00 242 217

No

Average 2004 measurements

Site 7 Spot 3 Background
Average 2016 30.69 14.81 1591 6.20
Average 2015 26.65 11.74 12.34 5.46
Average 2014 30.38 1452 15.19 0.95
Average 2013 30.87 1455 16.01 2.03
Average 2012 29.65 13.66 14.65 3.37
Average 2011 26.88 12.44 13.19 0.89
Average 2010 27.76 12.45 13.09 1.88
Average 2009 26.11 11.90 12.37
Average 2008 12.77 7.70 10.24 3.50
Average 2007 9.63 7.07 8.84 11.62
Average 2006 19.22 11.73 13.46 8.59
Average 2005 11.27 10.21 10.58 8.87
Average 2004 18.44 13.30 14.79 0.00

Site 7 Spot 4 Engraving

Average 2016 36.03 14.82 18.44 0.91
Average 2015 35.68 14.05 18.11 0.79
Average 2014 35.81 14.81 18.28 2.47
Average 2013 38.03 15.29 19.25

Site 7 Spot 4 Background
Average 2016 28.48 11.53 12.47 2.93
Average 2015 29.52 13.65 14.20 3.07
Average 2014 27.38 12.07 12.65 3.27
Average 2013 30.26 12.88 13.97
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Figurel2: Site 8¢ King Bay SoutliColour chart on rock is 10 cm)
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