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Abstract

Multispectral satellite data at higher resolution than reconnaissance sensors such as Landsat or ASTER provide relatively

high spatial resolution and improved mapping and detection capability that are better suited for identifying exploration tar-

gets or other geological features of interest. An analysis of the spectral bands in RapidEye satellite data from Hall Peninsula,

southern Baffin Island, was used to highlight the presence of iron oxides and hydroxides commonly associated with gossans

or weathered metasedimentary units. In RapidEye data, the presence of iron-oxide minerals causes high reflectance in

band 3 and a lower reflectance in band 1. The relationship of this band ratio was examined in comparison to geochemical

analyses of rock and weathered material. It was concluded that although all areas of visual iron-oxide staining produce

anomalous colouration in satellite images, quantifying the intensity of such colouration using band ratios can correlate to

geochemical results, thus providing a method for selecting areas of higher priority for follow-up exploration.

Résumé

Les données satellite multispectrales captées à plus haute résolution que celles fournies par les capteurs de reconnaissance

tels Landsat et ASTER se caractérisent par la meilleure qualité de leur résolution spatiale et leur capacité accrue de détection

et de captage des éléments cartographiques, se prêtant ainsi mieux aux activités liées à la découverte de cibles d’exploration

et autres caractéristiques géologiques intéressantes. Une analyse des bandes spectrales correspondant à des données satel-

lite captées par le système RapidEye au-dessus de la péninsule Hall, dans l’île de Baffin, a permis de mettre en valeur la

présence d’oxydes et d’hydroxydes de fer généralement associés aux gossans et aux unités métasédimentaires altérées. Les

données obtenues au moyen de RapidEye permettent d’établir la présence de minéraux d’oxyde de fer en comparant la

réflectance plus élevée de la bande 3 à celle, moins élevée, de la bande 1. On a comparé la relation du rapport de bandes aux

résultats d’analyses géochimiques d’échantillons de roche et de matériaux altérés. Malgré le fait que tous les endroits où

l’on avait pu constater des taches de rouille causées par la présence d’oxydes de fer se reconnaissent à la coloration anormale

qu’ils affichent sur les images satellitaires, on a conclu qu’en mesurant l’intensité de cette coloration à l’aide du rapport de

bandes, il est possible d’établir des corrélations avec les résultats d’analyse géochimique et donc de mettre au point une

méthode permettant de choisir des régions cibles susceptibles de présenter plus d’intérêt lors de travaux d’exploration de

suivi.
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Introduction

The development of a weathered cap of iron-oxide minerals

from sulphides present in psammite and semipelite of the

Paleoproterozoic Lake Harbour Group exposed at or near

the surface is well-documented across southern Baffin Is-

land, from the Foxe Peninsula to the Cumberland Penin-

sula. Upon investigation, the majority of these ferruginous

zones are often of no economic interest; however, some ar-

eas, visibly enriched in iron-alteration minerals, reveal the

presence of anomalous gold, silver, platinum-palladium,

zinc-lead or copper in indicator minerals or sediment analy-

ses from reconnaissance and till-sampling programs (e.g.,

Pell, 2008). Since not all of these iron-oxide occurrences

are barren of precious or base metals, there is value in

searching for iron-oxide alteration signatures for further

evaluation. Over the years, satellites such as Landsat and

ASTER have been used in many areas around the world to

provide reconnaissance information in support of mapping

efforts and geological exploration. Arctic regions in Can-

ada’s North, with their sparse vegetation and extensive

outcrop exposures, have provided promising results from

these satellite-based research methods.

Although the spectral bands of Landsat and ASTER are

suited for identifying some types of mineral alteration, the

relatively low resolutions of their datasets is one explana-

tion for the varying degree of success achieved. In order to

assess the effectiveness of higher resolution satellite-data

products, a series of activities was initiated using Hall Pen-

insula, southern Baffin Island, as a test case. This paper uses

results from RapidEye satellite data to investigate cost-ef-

fective methods for identifying iron-oxide mineral-alter-

ation zones in support of mineral exploration and geologi-

cal mapping.

Priority locations were selected from an analysis of Rapid-

Eye data that was acquired over Hall Peninsula during the

summer months of 2012 and 2013, in conjunction with the

Hall Peninsula Integrated Geoscience program conducted

by the Canada-Nunavut Geoscience Office (CNGO). Loca-

tions of interest ranged from areas as little as a few tens of

square metres to larger zones covering hundreds of square

metres. Where possible, areas of interest were validated by

field visits and samples were taken for geochemical analy-

sis. Part of the initial work involved collecting samples for

testing, the results of which have been published as a

CNGO dataset (Steenkamp and Budkewitsch, 2014). A

range of geological materials was recognized; however, the

most common material was in situ weathered-bedrock ma-

terial rich in iron-oxide and -hydroxide minerals from

metasedimentary units, which could contain disseminated

sulphides. Other samples correlated to localized occur-

rences of ultramafic rock, some of which were previously

known and others unmapped due to the relatively small size

of the exposure (Budkewitsch et al., 2013).

RapidEye data

Data processing techniques of remotely sensed spectral data

to detect the presence of iron-oxide and -hydroxide miner-

als were first applied over four decades ago (e.g., Hunt et

al., 1971; Rowan et al., 1974). These techniques have been

successfully applied in many areas owing to the broad-band

spectral absorption properties of Fe+3 in visible and near-in-

frared wavelengths. For iron-bearing minerals, particularly

hematite, goethite and limonite, strong differences in rela-

tive reflectance exist.

Select spectral band ratios from satellite data can be suited

to enhancing the contrast between iron-rich targets and all

other targets. This technique is often used to search for gos-

sans in mineral exploration. Many of these applications use

publicly accessible satellite data such as Landsat or ASTER

(Sabins, 1987; Abrams, 2000). Although these datasets

have the advantage of covering large areas and are useful

for reconnaissance work, the relatively low resolution of

these applications (30 m for Landsat, 15 m for ASTER)

limits their use to exposed and laterally extensive targets.

Since many economic discoveries are comparatively

smaller, their detection would benefit from higher resolu-

tion sensors.

Several commercial data providers offer multispectral data

of 2–4 m resolution. In this paper, the RapidEye data initially

examined has an intermediate resolution of 6.5 m and pro-

vides wide-area coverage for reconnaissance investigations

(RapidEye, 2012) over Hall Peninsula (Figure 1).

The RapidEye mission is a constellation of five satellites

(RE1–5) that provides frequent opportunities not only to

image the Earth once every 24 hours, but also to cover wide

areas in relatively short periods of time. The five spectral

band sensors on board each satellite collect data from the

visible (0.44 µm) to near-infrared (0.85 µm) wavelength

range (Naughton et al., 2011; Chander et al., 2013). The

over 90 level 3A data products used for this study were ac-

quired as 25 by 25 km orthorectified tiles resampled to a

pixel spacing of 5 m; the data have similar spectral bands to

Landsat or ASTER (Figure 2). In this manner, RapidEye

datasets offer a practical solution for wide-area coverage at

an improved level of resolution.

Data analysis

The presence of iron-oxide minerals in multispectral data

can be generally expressed as the ratio of red to blue-green

values in the visible bands of the sensor (Sabins, 1987). In

the RapidEye data examined over Hall Peninsula, the con-

trast between the higher reflectance in the visible red level

(band 3) and the relatively lower reflectance in the blue

(band 1) or green (band 2) portions of the visible spectrum

correlates with areas that exhibit strong rust-coloured

weathering (i.e., iron-oxide–rich mineral soil or sulphide-
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bearing gossanous zones). Atmospheric scatter is greater in

band 1 than in band 2, and better results were obtained us-

ing band 2 in the green portion (0.52–0.59 µm) of the spec-

trum in conjunction with band 3 (0.63–0.685 µm). Asimple

dark-target subtraction was applied to the data that helped

to normalize results from scene to scene collected on differ-

ent dates, under different atmospheric conditions, and at

various solar elevation and azimuth angles. Band 3 and 2

ratios (Figure 3) yielded a relatively consistent index for

iron-oxide minerals for several areas across Hall Peninsula.

Low- to high-band ratio values were displayed as classified

images scaled from blue (low) to red (high) to aid in select-

ing sites that were then examined in greater detail. Less

than 1% of the total map area exhibited band 3 and 2 ratio

values >1. Figures 4b, 5b and 6b show examples of these ra-

tios, where pixels in red are ≥1. The highest ratio value en-

countered was 1.380, with the mean and standard deviation

for 51 peak values within discrete target areas in this study

being 1.137 ±0.086. Fifty percent of the band-ratio values

found lie between 1.00 and 1.11. The distribution of peak
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Figure 1: Area covered by the Hall Peninsula Integrated Geoscience project area and location of three
sites discussed in this paper.



pixels with the greatest band-ratio intensities is illustrated

in Figure 3.

Several areas were examined and sampled in the field dur-

ing a one-week period in July 2014. Analysis of those re-

sults was released as a Geoscience Data Series by Steen-

kamp and Budkewitsch (2014). Figures 4, 5 and 6 illustrate

examples of weathered exposures of psammite and a gossa-

nous exposure exhibiting various iron indices above the

threshold of 1 that was applied in this study. These areas in

the field correlate to zones exhibiting relatively intensely

altered rock (i.e., rust-coloured rock) or mineral soil de-

rived from the weathering of bedrock. Red iron oxides or

hydroxides, such as goethite, are more pervasive at the sur-
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Figure 3: Plot of the distribution of band ratios in RapidEye data
for 51 target areas characterized by high concentrations of iron-
oxide and -hydroxide minerals on Hall Peninsula.

Figure 4: a) Small area of a RapidEye colour image (bands 3, 2 and 1) for a site along a broad zone of supracrustal rock exposures (light
brown tones) on Hall Peninsula, with a relatively low intensity of iron-oxide staining. b) Corresponding iron-index image derived from the
RapidEye multispectral data. Colour scale ranges from low values in blue to high values in red, with a highest value at this location reaching
1.020. Image is 1 by 2 km. Satellite image by BlackBridge.

Figure 5: a) Small area of a RapidEye colour image (bands 3, 2 and 1) for a site along a linear trend of supracrustal rock exposures (reddish-
brown tones) on Hall Peninsula, with a series of anomalously high-intensity areas of iron-oxide staining. b) Corresponding iron-index image
derived from the RapidEye multispectral data. Colour scale ranges from low values in blue to high values in red, with the highest value at this
location reaching 1.200. Image is 1 by 2 km. Satellite image by BlackBridge.

Figure 2: Comparison of spectral bands in the visible to near-in-
frared between ASTER, Landsat-7 and -8, and RapidEye. Bands
for each satellite are numbered sequentially from left (blue) to
right (near-infrared).



face, whereas, few decimetres below the surface, yellowish

to ochre limonite is often encountered. At most of the sites

examined, no primary sulphide mineralization was identi-

fied, which suggests deep weathering and alteration of the

hostrock. Geochemical analyses of weathered bedrock col-

lected in situ at seven localities with high band ratios

yielded a mean of 8.98 wt. % iron (as Fe2O3) for ratio values

between 1.090 and 1.230 (mean of 1.164).

Economic considerations

RapidEye and other Earth-observation (remote sensing)

data from satellites provide a means to rapidly acquire ter-

rain information imaged over wide areas in a consistent and

quantitative manner. Acquisition of higher resolution data

is becoming more cost effective, particularly when applied

in remote regions, and offers the possibility to better iden-

tify exploration target than can lower resolution sensors.

The iron-index data described in this paper may help to nar-

row the search for geological- or mineral-exploration

targets of interest.

Geochemical results of collected weathered-bedrock or

mineral soil samples exposed at study sites confirm high

iron levels at areas with high iron-oxide band ratios. Corre-

lations with other detected metals are less consistent. Ana-

lytical results (Steenkamp and Budkewitsch, 2014) show

few gold values above 30 ppb and this data did not correlate

with higher iron-oxide indices. Zinc values were also low;

however, the highest values (170–230 ppm) were returned

from weathered rock collected at locations with iron-oxide

band ratios of about 1.10. The only significant correlation

observed was that rock samples with nickel values

>1000 ppm came from areas that had rock exposures with

an iron-oxide index on the order of 1.20, which corre-

sponds to some of the highest band ratios encountered in

this study.

Conclusions

The results of this study provide supporting evidence that

broad-band satellite data with moderate resolution (<10 m)

can provide valuable reconnaissance-level surveys for iden-

tifying anomalous iron-oxide–rich areas. These results can

provide information to enhance geological mapping or pre-

liminary data to assist with targeting prospective areas for

mineral exploration.

Vast areas can be quantitatively examined, and field valida-

tion of these areas can provide a more reliable geological-

and mineral-potential assessment of the region. In conjunc-

tion with field validation and supporting geochemical anal-

yses, this technique and resulting information can be used

to determine priority areas in which to invest, since it is

rarely possible to carry out field examinations of all areas of

interest. The simple two-band ratio method based on spec-

tral properties to determine the iron-oxide index from

RapidEye data can lead to the identification of a range of

field occurrences: from weak, surface iron-oxide staining

to the more extensive iron-oxide development associated

with the formation of gossans. Work is ongoing to examine

the results of the geochemical analyses using more in-depth

spectral properties from other high-resolution sensors on

these and other exploration targets of interest.
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