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Answers Mark.
1| Sedmentary biological;
sedmentary evaporite;
metamorphic;
lgneous;
sedmentary alluvialiplacer;
Total 5
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Answers

Mark.

(Total) amount that could be theoretically exploited;
using possible future technology/at possible future prices;

‘The amount (of the resource) that can be exploited now;
using current technology!at cuent market prices/economicaly viable;

Drops;

‘Technique;
descriptive comment/example;

e
production of acid solution
dissolve metalicopper

biorecoveryacterial action/ Thiobacillus
metal solubiity/copperiplatinum

hyperaccumulators/plant absorption
‘absorbiincrease concentrationfater extraction/heavy mefals

electrolysis
production of solution/precipitationideposition/copper [R alumirium]

chemical precipitation
control of pHioxidation leveladtion of chemicalcopperfron

fon absorption
named absorber eg ion exchange resin, zeolite sands/uranium

increased mechanisation
‘economies of scalelfeduced unit costs
R unqualified reference to cheaper]

R reference to exploratory techniques]

8(a)

Mutiple samples;

pH meter;

calbration;

OR

PH papers/universal indicatorfref o pH values;
colour comparison:

barium sufate/sediment removalfiter;

R litmus paperfwo colours only]

MAX 3

Total

10
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Answers ark
1
Tineral | Fomation pocess o ses
resource
ronovde | lgneous andsedmertary | _Bulng consucton
Roadstone
aggregate/cement/.
Sedmentaton’ morrigass
Unestone | sedmentarypreciiation | builing constructon’
iclogical o
contolsaqutersest
producior:
(Building) mortar/
concretenamed
Sand sed construction use/glass/
e irgtiomaqurer;
Toneo S
Granie batholith/crystallisation; Road surfaces
= Sedmertany
falte | qmentationevaporte! | Crioe o e cremical | 5
sedun | uaporationipreciptaton | | nasiy
) crystallisation;
[A specific details of processes]

Total
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Answers

Mark.

6al()

(Measure of) rangelscatterispreadivariation of values (around the mean);

R highest and lowest]

gives indication of overiapino overtaplite overiap — fkely to be

significantly different;

Texture affects
infitration/permeabilty;

degree of earthworm nitation/contact;

‘amount needed for saturation;

proportion of earthworms coming to surface;

correct reference to effect of sandisitciay on one factor;

R referenc to structure]

MAX 3

6))

08;

sic)ii)

02

s(c) i)

More food/DOMIleaves nearer the surfacel
10 food source deep down;
R humus]

too dry at surface;
wateriogged deeper;

100 compact to burrow deep down;
predatorsiirds at surface;
different earthworm species;
younger earthworms near surface;
less oxygen/aeration at depth;

100 hot/cold at surface;

toricityfmitabiity/range of tolerance due to pHichemical composition at

specified depths;
R reference to light]

MAX 2

Total

10
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Answers

Mark.

3(a)

Hot wateristeam;

dissolved minerals;

different solubily (of different metal minerais);
movement (of solution along fissure/ventfaut);

ooling (of solution);

depostion/crysalisation/coming out of solution/precipitation;
order (of deposition)/separation;

MAX4

3(b)i)

Ore purty;

chemical fom;

ore body area;

ore body shape;

total massiquantiy;

effectof feature on viabilty;

IR unqualified economics]

MAX3

3(o)i)

Overburden hardness (for removal);

fauling;

shape of structurefanticline/synciine/dome/dipinamed example;
designated/protected geological feature;

effectof feature on viabilty;

IR unqualified economics]

MAX3

Total

10
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Answers

ai)

(Lowest price so) greater pury (needed to be proftableleconomic);

Aa)i)

Previously uneconomic resource/lower grade ore becomes economic;

4(0)

Advantages;

e
large area surveyed rapidly
Suveys of inaccessible areas

cost effectivefless labour intensive.
lower habitat impact

Disadvantages;
e
high iniial cost
less detalled nformation
less sub-surface information
Clouds obscure surface
o physical samples (for analysis)

4(0)

Named method;
detail of how it works;

e
leachate/solution
slectrolysis
bacteria/Thiobacillus
acidleaching

(arge scale) mechanisation
feduce unit extraction costs

plant absorption/phytomining/phytoremediation/brassicas
hanvestincineration

streaming

waste washed away
floatation/oil-water separation
density
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Answers

Mark

s()

Large sample numbers/iong time period/reguiar samplesisample.
location;
method detail

PH meteriprobe;

calbration;

OR

PH papers/pH solution/universal indicator;
colour comparison;

barum suphate/sediment removal;

R litmus papers]

MAX2

Total

10
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3(a)

more orelfock needs to be extracted/processedwaste
removedinamed processing activity;

(chemicaly) difficut o extract very low concentrations/separate
metals from orelexira processes Neededimore refining;

Max 1

A03
223

3

50 [A 43-50] and 150 [A 150-150]; [A figure based on subiraction
of chosen values within range (100-117)]

200 (% change) or correct calculation from selected values (ecf);
‘award both marks for corect final answer

A02
223

3(0)

e
leachate collection/recycinglevaporation
electrolysis

Thiobacillus/Acidithiobacillusiacteria
‘oxidise sufuriproduce acid/acidic solution dissolves metalicopper

phytoremediation/hyperaccumulators/brassicas
‘absorption of metal

on exchangelpolymer surface
‘adsorption of metalions

‘addition of more reactive metal
preciptation

gold dissolves in
mercury/(sodium) cyanide

A0t
223





image13.png
3@

named exploratory method;
detail of how method works;

g
ravimetry
detection of changes in rock density
magnetometry
detection of changes in rock magnetism

geobotany
plants as indicators of rock type

seismic surveys/echoeshibrations/sonariradariufrasound
indicate epinshape/hardness/density of rock

satelite/aerial imagery
named geological siructuresftopographylreflectance signatures

resistivty measurements
relative resistances indicate rock type

radioactivty measurement
indicates speciic rocks/named example

UV detection
fluorescence of particular minerals.

R core driing, unqualfied remote sensing]

Aot
323

3e)

‘more money available for extraction/investment/expensive
techniques;

lower grade ores can be exploited;

COOG goes down;

A02
323
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8a)() | tmelstatic; Max2 | AO1+2
suspended solids/partcies settle (in lagoon); 223
[R sedimentation without reference to particies]
reduces sedimentation/turbidity/ight penetration problems (in iver);

8(a)(i) | root binding/increased interception/wind break/increased OM; Max2 | AO1+2
reduced erosion/funoffidustiandsides/increased stabilty; 323
reduced aesthetic impact;
detail of method;

‘ag hides spoil heap, blends into landscape, mixed age/species.
structure
reflects/deflects/absorbs (sound); 2 | sot=2
reduced noise/nuisance;
323

8(a)(iv) | particles become heaviristick togetheriincreases conesion/cumps; | 2 | AO1+2
dust reduced/setties; 223

800) 2 A03
324

universal indicatorlpH indicator paperisolution;
‘colour charticomparisoncolorimeter;

[Rtmus, reference to choice of only two colours]

Total

10





image15.png
3(@) | (reserves) increaseimore deposits become accessivlelexploitable; | max2 | A02
reduced production costower energy Inputs; 223
bioleaching/phytomining/electrolysisinamed low grade ore:
extracton technique;

3a)i) | (reserves) increase; 2 | Ao
previously uneconomic deposits become economic/cut-off ore: 123
grade decreased/can affod to spend more on extracton;

@i | (reserves) decrease; 2 | Aoz
previously explotable/lower arade deposts no longer econormic; 223

3(0)0) | frequent enoughimonty or more frequently; 2 | ao3
o detect luctuations; 324

3(b)i) | time-retated factor hat may affect resuts;; 2 | ao3
&g

fluctuation in rainfalirunoft 324
Snow melt
fluctuation in evaporation

changes in pumping/discharge from mine/mine activity
intermittent addition of ime

Total

0





image16.png
5(a)

‘mineral dissolved in hot water;

‘movement away from batholith/along fissures;
cooling;
reduced solubil
ystalisation;

order of deposition/separation of different minerals(by solublty);
inveinsfodes;

max3,

323

5(b)

dlay/shaleimudstoneftufimari;
‘metamorphosis under high pressure;

[R metting]

5(c)

drylerushigrindiseparate particles/peds;

Sieving with diferent mesh sizes;

reference to correct positions of sand/siiciay/partcle sizes;
weigh each portion;

percentage calculation;

or

add water (to soil) and shake;

alow o setle;

reference to correct positions of sand/siltclay/particle sizes;
measure ayers;

percentage calculaton;

A ieving for sand and secimentation for sitcay]

[R hand texturing]

max3

s(0)

‘named soiltextural class (eg sand;sit lay)/description of particle
size linked to effects on properties:;
o
‘porosityhwater retention/permeabilty/drainage:
heatitheral capacity
aeration/oxygen content
temperature
root penetration
piant support
nutrient leaching
nutrient adsorption

323

Total

10





image17.png
6(b)

named method;
detais of method;;
g
oravimetry
Variations in density
igneous rocks

magnetometry
variations in magnetism
ron/magneitenamed magnetic metal/mineral

seismic surveys/ground penetrating radar sonariutrasound
shock waves/echoes/refiection

Gepthidensity/angle/3D image

R sensors
differences in IR emissions.
detect different rocks/mineralsivegetation

side looking radarltrasound
topography
alluvial deposits

resistivity/conductivity ease of electricity flow metal-bearing rock
aerial photography

topography
salt dome/fauit Ineivalieysivariations in fock erosion/folding

max3

A02
323

6(c)

greater area mined/more habitat loss;
‘more overburden/spoil;

more rocklore extracted;

more enery used;

more waste producedipoliution caused;

max3,

A02
323

6(d)

resource.
theoretical maximum exploitable amounts;

reserves

exploitable with existing technology at current prces;

Aot
323

Total

10





image18.png
3(a)

electronic pH meter/probe;

calibrated;

or

Universal indicator solution/papers;
[Rltmus paper]

‘colour comparison/colour chart/colorimeter;

403
324

3

‘probem

inked solution ;;

e
turbidity/suspended soiids.
sedmentation/fitration/setting

or
heavy metal leachate.

imelhigh pH reduced solubilyiphytoremediation/electrolysis.
R toric leachate nless qualified]

or

altered rver flow rate

control of pumping rate:

or
phosphates

iron saltsffocculation/reed bed/phytoremediation
or

Soluble iron

aeration

or

cyanide

ovidationluse of SO:

202

201
323





image19.png
3(0)

description of how method works 5;

g
sloped reduction/gradingire-contouring
Gecreased water velocityidecreased particle mobilty

spoil compaction
increased particle cohesion/reduced erosion
reduced water content

netting/botting

reduced partcle mobilty

drainage.
reduced particie mobiltyireduced lubricationireduced mass

topsail addition
increased plant growin

fertliser addition
increased plant growin

vegetation planting

oot binding

reduced wind velocitylreduced water velocity
backfiling

altemative use of spoil

water spray.
dust aggregation

credit each description only once

max4

201
323





image20.png
8al)

25m;

403
324

8(a)ii)
View with
sal

‘Coser together— Unnecessary datalurner apari— miss fluctuations;

‘general rend without extra cost;

max 1

403
324

8(0)

eg
Imagelscaniphotograph
topography/IR emissions.

magnetometry.
‘magnetic mineralsfiron/named iron ore.

oravimetry
densitynamed metal ore.

scintilometry/Geiger counter
radioaciive materialsiuranium

‘seismic surveys/ground penetrating radar/sonarlurasound
changes in density/deptivangle:

resistivty
changes in conductvityinamed conductive materialimetals

Side Looking Radar/SLAR
topography! alluvial deposits

[R core sampiing]

201
323

8(c)

Sizelshape of deposit;

depth;

overburden hardness;
overburden stabilty;
‘named land-use confl
transport nfrastructure;

poltca provems:
‘wrong chemical form;
faulting/seismicity;
stated economic cost;

maxs

202
323

Total

10





image21.png
()

‘material identification;

‘mixed materialsimaterial separation;
disperseditranspor distance;

low waste densitylbulky;

lowireduced quaity;
hazardous/toxcistated danger;
thermoset plastics;

meversible chemical reactionfthermoset;

max2

201
323

a(b)

‘named material used linked to;
named materia replaced;
named use;

e
piastic
‘copper
pipes

202
323





image22.png
()

igneous and sedimentary and metamorphic;

(igneous processes) max 4
Getailof igneous process;;;
linked named igneous mineralirock;

soldiication of molten rock
intrusivelextrusive

(intrusion)

batholith

Slow cooling

hydrothermal/contact metasomatism
hot mineral solutions
crystalisation/order of solubity
named intrusive mineralifock

(extrusion)
rapid cooling
named extrusive mineralirock

(sedimentary processes) max 4
Getail of sedmentary process;;;
linked named sedimentary mineralrock;

‘weatheringlerosion

alluvialisorting of eroded particles by water
cementation
compaction
sandigravelcassitertelgoldinamed alluvial mineralrock

precipitation/redox
solubilty change
manganeselpolymetalic modules/proterozoic ion

evaporites/evaporation
crystalisation
salthaltelgypsuminamed evaporte

fossilsation
sedmentation/anaerobic conditions
limestone/chakicoal

(metamorphic processes) max 2
etail of metamorphic process;;
linked named metamorphic mineralirock;

heat and pressurelpressure
o melting
Slateimarblefgneissinamed metamorphic mineraiirock

A01
323





image23.png
@l

(Quantity that is) theoreicall exploitable;
At any price with any technology,

S(a)i) | (Quanity that i) exploitable now. 7
At current prices with existing technology:
6(b) | Supplies increased by. Max6

Named methods; ;;
How metnods work.:;
eg

Remotely operated machines

Allow extraction where people cannot work

Larger scale mechanisation
Economies of scale, more economically viable

Biokeaching
Acids produced by bacteriafungi, named bacteria,
Acidothiobacillus, named fungi, Aspergilus

Phytomining, hyperaccumuiator plants.
‘Absorption and concentration

Iron displacement
Deposition of copper

Leachate collection
Electrolysis

Polymer adsorption
Low energy method

Deep sea dredaing
Polymetalicimanganese nodules.

Directional driling;
Access smallerinaccessible deposis;

‘Secondary recovery;
Maintain pressure;

Tertiary recovery;
Reduce viscosity,

Total

10
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8(a)

See table.
2 correct for 1 mark
4 correct for 2 marks.

Geological Process

Mineral Sedimentary

Igneous | Metamorphic
resource Biological | Evaporate

Alluvial

Granite

Marble.

Chalk

Slate X

sait X

Coal X

Fydrothermal

metal ores X

80)

mineral dissolved In hot water,
movement away from batholith/along fissures;

cooling;

reduced solubiity;

erystalisation;

‘order of deposition/separation of different minerals(by solubiity).
in veins/lodesfiocal concentration;

Max3

8(0)

Intense heat and pressure;





image25.png
8(d)

Named method;,
Description of how method locates minerais;;
e
R spectroscopy
Emission of diferent wavelengths

Gravimetry
Density

Magnetometry
Magnetic minerals

Seismic surveys/ground penetrating radar
‘Soundipressure waves — dept/density/shape

Resistiity
Ease of conduction of electricity

Geobotany
Plant presence

Aeralisatelite imagery
Topography

“Tral iling
Chemical analysis

22





image26.png
3a)

smallest size (that gives);
consistent mean;

A03
324

3(0)

named method;
eq landscaping/reduced gradient
‘compaction
dranage
vegetation/afforestation
hydroseeding

A01
323

3(e))

correct reference to
exploiablty;

‘economic viabity;
‘availabilty of technology;

reserves: exploitable now, economicaly viable, existing
technology

resource: potentially exploitable, at any price, including future
technology

Max2

A0t
323

30

named exploratory method;
how method works;
g seismic surveys
vibrations reflectiecho
depih, hardness, siructure shape

simiar detail for:
gravimetry

resistivity
magnetometry
scintilometry

(xray) crystallography

Max4

A0t
323

Total

10





image1.png
Answers

s(a)

Feature;;
‘advantage/disadvantage;;
e

hard

diffcutty mining

loose, uncompacted
andsiides, more removed
deep.

increased cost

permeable
drainage problems

chemical composition

pollution risk 242

5(b)

Method to reduce problem 1;
detail of method 1;
method to reduce problem 2;
detail of method 2;

e
water sprays for dust

setting

baffle moundsftress for noise:

‘absorption/deflection

timingirouting of traffic

‘avoid sensitive times/areas

choice of quister transport method

rail replaces lores.

change of fuel to reduce spillage problems (biofuel)

biodegradable 242

s()

‘Add water and suspend/shake;
allow to settie;

measure proportions;

OR

dry;

(shake through) sieve;

weigh

MAX2

Total

10
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Answers

Mark.

6(a)

Increased quantity that must be mined;
increased land take;

increased waste production;

named problem caused by waste;

increased eneray use;

named problem of eneray use; 2+2

MAX4

6(b)

Named new and replaced materiais;
named use/property;

eg
plastic replaces steelchromium
bumpersibody panels/iower density/cheaper
plastic replaces copper

fibre optics/lighttotal intemal reflection
plastic repiaces copperfiead
lightericheaperiglueable/piping

plastic replaces aluminium

reduced use of fossil fuels

biodiesel replaces fossilfuels.
renewable

mAx2

6(c)

Up 1o 3 named methodss;;
up to 2 features of how methods work;;

e
remote sensinglairbome surveys

solifock chemical analysis.

MAX4

Total

10





image3.png
Answers

Mark.

oa)

[A line between correct values on grid]

9(b)

Ore body distribution/fragmented/ireguiar shape;
chemical fomdificulty of chemical extraction;
named land use confictiocal opposition;

‘ease of site access;

named overburden propertymard/ioose;

‘depth of depositioverburden thickness;

drainage diffculties;

seismic problems;

Infrastructure problems; eg transport, energy, water
‘workforce avaliabiltylcos;

politicaliamed economic problems;
named technological problem;

R ore purity]

MAX4





image4.png
o)

changing form of existing rock
intense heat

intense pressure

source of heatipressure:

sedmentary;
named eg;
sedimentary processes;

e
‘weatheringlerosion (of existing rock)
wind deposited

allvial

sorting

placer deposits

Wk Descriplor

2 [ Al materal s bogically presented in ciear, scientiic Engish

‘and continuous prose. Technical terminology has been
used effectively and accurately throughout. At least half a
page of material s presented.

T [ Account s logical and generally presented in clear, SCentiic
English. Minor errors occur in speling, punctuation and

‘grammar. Technical terminology has been used effectively,

and is usually accurate.

‘Some minor ermors. Atleast half a page of materialis

presented

0| The accoun s generally poory Consifucied and ofien fails 1o
use an appropriate scientiic sty to express ideas

MAXs

Total

10





