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SYN O PSIS: Since exploration of gold mineralization com menced at P o rgera . in Enga province, Papua New Guinea, there has been concern over large scale mudslides. The Porgera valley 

is underlain by weak mudstone o f the Chim Formation which behaves like an unconsolidated clay. Rapid erosion has exposed the mudstone to de-stressing, dilation, softening and slaking. 

The resulting thick deposits o f colluvium  fill the valleys betw een m udstone ridges. It is in these deposits w here large scale m udslides develop over lengths o f 2 to 5 km.

Tw o mudslides, the Maiapam and the Yakatabari, have affected early development and planning for the gold mine operated by the Porgera Joint Venture. The mudslides have been 

dated over several thousands o f years, they m ove slowly at a background rate o f about 1 to 3mm /day. but surges with rates up to  lm /day have been m easured. Instrumentation, involving 

inclinometers and survey monuments have been placed in critical areas. The Maiapam slide located centrally in the Porgera Valley imposes a hazard on Government and commercial facilities. 

Damage has resulted in the loss o f several buildings and the closure o f  the airstrip. Attempts at mitigation have not been successful, and early warning o f m ovem ent by monitoring is the only 

practical m eans for m itigation o f losses to  people and property in the path o f the M aiapam  slide.

The Yakatabari slide occupies a valley adjacent to  the mine. The valley was considered as a potential site for the mine workshop, stockpiles and roads in the early planning stages; 

but it was quickly established that the deep seated movement would affect the structures. D ue to its central location, the slide cannot be completely avoided and careful engineering is required 

for a proposed ore/backfill conveyor for the underground mine. Existing monitoring indicates typical mudslide movement, with varying degrees of internal deformation. Mitigation works to 

m inim ize dam age to structures involve local drainage and unloading works and appropriate foundation design.

INTRODUCTIO N

The Porgera Valley, in Enga Province, Papua New Guinea is the site of the 

large Porgera Gold Mine (Figure 1). There have been concerns over landslides 

in the valley since exploration o f gold mineralization commenced in the 

1970’s through to the present day mining operations. This paper the describes 

landslide hazards at Porgera, through examples of recent events. Hazard 

prediction and mitigation are also discussed.

Two examples of hazardous landslides in the valley have been selected for 

detailed discussion due to their large scale, longevity and situation with 

respect to the local population and mining structures. Both are mudslides, 

being slow moving, elongate masses of clayey colluvium advancing chiefly 

by sliding on discrete boundary shear surfaces. The Maiapam Landslide 

imposes a hazard on Government and commercial facilities at Porgera. The 

Yakatabari landslide occupies a valley adjacent to the mine. Development of 

the mine facilities has required careful engineering to minimize its effects.

TH E PO R G ER A  VALLEY

Porgera is situated in the central mountainous region of Papua New Guinea, 

in a high altitude basin-shaped valley, rimmed by nigged mountains. The 

valley floor level has an altitude of 2000m and the mountainous rim has a 

maximum altitude o f 3850m.

The dominant rock unit in the Porgera Valley is the Chim Formation o f Upper 

Cretaceous age (Davies, 1983). The unit averages about 2000m in thickness 

and is a massive, thinly laminated, calcareous to micaceous, grey mudstone. 

The formation is time transgressive with predominantly siltstones and 

sandstones of the Ieru Formation. Overlying both these units is the early 

Tertiary Darai Limestone which forms near vertical cliffs, hundreds o f metres 

high, and mountains.

Tertiary and Quaternary tectonism have resulted in faulting and folding as the 

units were uplifted to their present altitude. Emplacement o f the late Tertiary 

intermediate igneous Waruwari Intrusives, within which the host 

mineralization for the gold ore is found, has resulted in contact 

metamorphism, tight folding and shearing.

Past and present day landforming processes have produced a recessive terrain 

in the Chim Formation. Rapid weathering and erosion result in deposition of 

deep colluvium in valleys and oversteepened head scarps of landslides which 

retreat into narrow crested ridges of mudstone. The colluvium is up to 50m 

in thickness, comprising bouldery clay to silty clay. The creeping masses of 

colluvium have largely coalesced into mudslide complexes (Blong, 1985).

The mobility of the mudslides is assisted by the low strengths of the 

component materials and the high annual rainfall of about 3600mm, which 

occurs on over 300 days each year. The resultant soil is a saturated very soft 

silty clay matrix derived from the mudstone, with gravel to boulder sized 

fragments o f sandstone and limestone.
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Until recently land use in the Porgera Valley was dominated by subsistence 

agriculture. Gold mining and sluicing began in the 1960’s and several phases 

of exploration eventually led to the commencement o f construction activities 

in 1989. There have been major changes in the valley since 1989 with 

development of the mine, plant site, employee accommodation, roads, 

pipelines, powerlines and an airstrip. The indigenous Ipili population has been 

augmented by migrations of other people into the valley from the sunounding 

Highlands region, resulting in pressures on resources and facilities. 

Commercial and government facilities have grown as a consequence of the 

rise in population from about 6,000 to around 20,000.

NATURE O F TH E HAZARD

The dominant geomorphological processes which have produced a landscape 

characterized by deep colluvium-filled valleys and narrow crested ridges are:

1) Stream erosion (especially of weaker sedimentary strata).

2) Rockfalls, limestone cliff retreat and talus and colluvium 

accumulation on underlying weak sedimentary strata.

3) Plateau karst development.

4) Surficial landsliding.

In Recent times limestone cliff retreat and colluvium build-up appear to have 

been the dominant landforming processes. Large thicknesses of colluvium 

were deposited on the underlying mudstone surface.

As the colluvium has intermixed with the underlying mudstone it has 

developed into a well graded mix of sand, gravel and boulders supported by 

a grey matrix o f soft to firm, high plasticity clay, derived from the breakdown 

of the weak mudstone.

Tectonic activity has resulted in an increase in stream downcutting and 

landslide activity. In addition, the unloading of the overconsolidated mudstone 

has produced a softened rock mass, which contributes to the large scale 

instability o f the area (Goldsmith, 1991).

Geotechnical properties of the colluvium are variable (Goldsmith, 1990). 

Liquid limits average 40%, with a maximum of 80%. Plastic limits average 

20%, with a maximum of about 50%. Organic contents range from 5% to 

50%. Shear strengths in the colluvium and weathered mudstone are similar, 

indicating a genetic relationship between the two materials. Laboratory and 

field tests in the Yakatabari valley and in the mine waste dump site in the 

Mungarenk Valley to the west o f the mine (Figure 1) indicate the following 

range in strength parameters (Blong, 1985; Klohn Leonoff, 1990):

<p' peak = 14° to 28”, typical value 24°

c' peak = OkPa to lOOkPa typical value OkPa

ip'resid  = 11° to 18°, typical value 15°

c ' resid = OkPa typical value OkPa

The probability o f failure o f the mudslides is most sensitive to changes in 

groundwater levels, changes in slopes (particularly in the range of 10° to 18°) 

and to changes in the friction angle. Landslide movement is episodic and is 

clearly related to the conditions described above. There is a close correlation 

between rainfall and slide frequency. Similarly slides are mobilized after;

1) Sudden increases in pore pressures (from undrained loading) .

2) After thresholds in material strength (as in mudstone softening and 

de-stressing) and in slope angle are reached (a progressive creep 

movement can oversteepen a slope).

M aiapam  Landslide

The Maiapam Landslide is an elongate mass of connected mudslides in 

several lobes extending from 2900m elevation ai the head to 2300m at the toe 

(Figures 1 and 2). The upper 1km of the slide is in a broad, flat bottomed

valley, with a thick vegetation cover. The middle section o f the slide is also 

in a broad valley with several active scarps, ponds and a chaotic and heaved 

ground surface. Here the lateral extent of colluvium appears to be the greatest 

This middle zone, with several intermediate scarps, appears to be driving the 

active narrow track of the lower 1.5 km of the slide. This lower section 

comprises well defined lateral shears, and a rupture zone 150m to 200m wide 

with a chaotic, boggy surface, ponds and rafted blocks of vegetation.

The slide is estimated to be at least 4,500 years old (Blong, pers comm). The 

Porgera Government Station and airstrip were built on a lobe of deep 

colluvium at the toe of this slide (Figure 2). Airphotos taken in 1959 indicate 

a landslide covered by secortdary vegetation. The earliest documented 

movement was in 1985 when an area 200m by 400m failed in the middle 

section of the slide, which triggered sequential movements in the downstream 

section. The toe of this slide episode was within 150m of the road bridge at 

Maiapam Creek.

There was a period o f quiescence from 1986 to 1991. The toe area was 

covered by’regrowth but the middle area remained wet, boggy and creeping.

Early in 1991 the rainfall was above average, and by late February damage 

to houses at Paware village, west o f Maiapam Creek was reported. The lower 

section of the slide, within 1.5km of the toe, became more mobile, with large 

wet, soft areas. In May movement blocked the main stream and the"flow was 

diverted to the east of the slide into an old channel, flooding some houses at 

Porgera. Attempts to dig the channel by hand failed due to continued 

movement, and mechanical excavators could not gain access over the soft 

surface. People displaced by the flood were assisted by the Government.

Movement in the lower section of the slide continued through May and June

1991 at rates o f 20-30m per month (Figure 3). By early July the 100m wide 

toe was moving at 60m per month, with deformation in the form of concentric 

and radial cracks. Contingency plans were being drawn up for the evacuation 

of people, commercial buildings, the medical centre, school and community 

hall.

3 — - — -Survey Ilo*

Figure 2. Maiapam Landslide
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1991

T I M E

Figure 3. Time/displacement plot for the Maiapam Landslide

After a period of minor movement, a new surge occurred at the end of August 

resulting in further cracks in the airstrip and deformation of the surface 

around power poles. The toe was clearly advancing and the lateral shears were 

diverging, increasing the toe width to 180m.

The western lateral shear extended along the channel of the Maiapam Creek, 

and the eastern lateral shear cut through the police station, breaking it into 

two segments. The urgency of the situation prompted evacuation plans to be 

detailed. The new airstrip at Kairik and the new Government town at Payam, 

both northeast of Porgera had been planned for construction at least 3 years 

earlier, due to the perceived hazard from the Maiapam Landslide.

Movement rates o f the slide increased during September 1991 to 7m per day 

at the toe, due to increased loading of debris over the scarp located 1km 

upstream of the airstrip. The toe advanced over 170m, in the form of heaved 

ridges and cracks. The damaged airstrip required extensive repairs and by 

22nd September it was closed permanently.

To date the landslide had resulted in the loss of up to 30 houses, a generator 

shed, the police station, and the airstrip. There was also damage to roads, 

power lines and some commercial buildings. Survey monitoring indicated an 

increase in the rate o f movement such that by mid-October there could be 

movement rates o f 20m per day, indicating rapid mass failure. A contingency 

plan was developed whereby areas were defined for either commencement of 

evacuation or for preparations to be made for evacuation, if required.

Contrary to predictions the slide movement slowed and propagation of the toe 

ceased. The debris load began to be eroded from the lower 1km of the slide, 

and generally the slide began to stabilize. The hazard reduced and the 

contingency plans have not been necessary to date. One year later the slide 

toe remains stable but movements in the middle section of the slide are 10- 

20m per month. The new airstrip at Kairik is operational. The plan is to move 

all Government and most commercial facilities to Payam town site over the 

next few years.

Y aka tab a ri Landslide

This landslide is a complex o f mudslides and feeder debris slides adjacent to 

the Waruwari Intrusives (Blong, 1985; Goldsmith, 1990). It has a headscarp 

at an elevation o f 2,400m adjacent to the 40 Level underground mine adit 

portal at its western end, and a toe at 2,125m at an incised gorge in Kogai 

Creek (Figure 4). The northern and western valley sides comprise intrusive 

and sedimentary rocks. Side slopes are steep at >30°. The footslopes are the 

site of debris slide accumulations, which progressively creep into the centre 

of the valley and mix with the deeper boulder clay colluvium formed on the 

Chim formation mudstones. The overall slope o f the mudslide is 7.5°.

Radiocarbon dating of both surface and borehole wood samples indicate the 

age of the oldest colluvium is at least 40,000 years BP. The younger

colluvium either is found at the upper, southern end of the mudslide complex, 

or occur at shallow depths in boreholes. Analyses of dates and movement data 

suggest that the slide’s history is complex.

Individual slides within the complex may be active at different times and 

movement rates may vary within the one active zone. Rates of movement are 

50-150mm per month during creep of the slope, but these can escalate to 

300mm a day during surges. As a hazard to mine development the mudslides 

can seriously impact buildings and drainage, but have only a minor effect on 

roads and stockpiles.

The earliest documented movement within the mudslide complex was in 1974 

near the toe of the main slide body, when gold sluicing operations were 

responsible for a slide 500m in length and 300m in width and involving 6 

million m3 of material. Total movement was about 100m and continued for 

at least 5 months after being initiated.

Slides were also documented in 1983, at a similar location to the one of 1974, 

and in 1984, on the slopes o f Mount Waruwari. It was not until 

commencement of construction activities for the Porgera Gold mine in 1989 

that the next slide occurred. This was a typical mudslide at the southwest side 

o f the colluvium filled valley. The depth o f failure was at the colluvium to 

mudstone contact at 7.5m to 22m depth. Although the total movement was 

probably less than 5m damage to a workshop and tanks required their removal 

to a more stable site.

The proximity o f the Yakatabari Landslide to the mine (Figure 4) has been 

a significant obstacle to development and several structures have been affected 

since 1990. The adit at 28 Level is serviced by a change house, workshop, 

office, and waste and ore stockpiles. The change house is on a creeping lobe 

and has moved about 800mm between January 1990 and October 1992, based 

on borehole inclinometer data. Internal deformation is minimal due to the lobe 

moving as one block. These block features occur throughout the slide, being 

evident as relatively level to backtilted areas up to one hectare in size.

Figure 4. Yakatabari Landslide
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A recent challenge to mine development adjacent to the Yakatabari Landslide 

has been the construction of surface facilities for the 40 Level adit at the 

western end of the slide. These have comprised a levelled and filled 

compound, water tanks, cement slurry plant, stacker and overland conveyors 

and stockpiles. This area is potentially exposed to rapid debris slides and 

torrents from the open pit mine operations at Mount Waruwari, and to main 

headscarp movements of the Yakatabari Landslide. Movement rates are 0.3- 

20mm per day (Figure 5). The design of critical structures has been carefully 

engineered to allow for ground movements and for protection from the debris 

slides and torTents. A rockfill berm and load out area were constructed to 

protect the overland conveyor and cement plant. Conveyor footings are 

adjustable to allow correction due to continued movements.

Geotechnical monitoring provides early warning of movements to maintain 

structures critical to mine development. Borehole inclinometers monitor 

movement rates and the depth of slide surfaces. Piezometers monitor pore 

pressure response to rainfall and to loading from stockpiles and debris slides. 

Survey stations and marker pegs are measured daily for movement rates of 

tension cracks. Rectification works are a regular part of maintenance. Pipes 

and cables have flexible couplings over the most mobile areas.

Figure 5. Time displacement plot for tension cracks at 40 Level, head of 

Yakatabari Landslide.

RISK ASSESSM ENT

Table 1 presents a comparison o f the hazards imposed by the two slides. They 

are naturally occurring and have been in existence for several thousands of 

years. The natural proccss has become a hazard now that there is a potential 

impact on people and property.

Hazard areas have been defined, based on recognition of past slide events. 

Once defined, the nature and mobility of the landslide area is assessed and 

past movement rates are documented. Based on these data, some prediction 

of future movements can be made. Factors which cause movements, such as 

soil thickness, material strength, slope, groundwater pore pressure and surface 

runoff are monitored. Risks of triggering events like heavy rainfall and 

earthquakes are also assessed.

The severity of the hazard depends on the rate of impact, the slide area, the 

effect on people and property and the predictability of occurrence.

Vulnerability is an important consideration at Porgera. The group most 

vulnerable to the effects of landslides are the local people, who have minimal 

resources to fall back on. The middle level of vulnerability is occupied by the 

commercial, and government facilities and town housing. This group can carry 

out some mitigation works, such as drainage diversion works. The mining 

company is perhaps the least vulnerable; although the cost is potentially high, 

there is a large pool of resources to mitigate the hazard, including project 

planning, contingency plans, monitoring, engineering design and equipment.

TABLE 1. Comparisons of landslide hazards.

M A IA PA M y a k a t a b a r i

Slide description: 

Length 5km 2.1km

Slope 9° 7.5°

M obile Volum e 30 m illion  m J 16 m illion m J

Background m vt rate 0 - 10m m/day 1 mm /day

Surge m ovem ent rate 1 m/day 0.5 m/day

D ocum ented events 1985, 1991 1974, 1983, 1984, 1989-92

C ontributing  factors rainfall, seism icity , 

low m ateria l strength

as for M aiapam , plus 

m ining  activities

Effects ground deform ation, 

dam age to structures, 

disruption to services, 

disruption to drainage, 

floods

as for M aiapam , 

disruption to m ining 

activities

Access poor good

Controls on developm ent som e G overnm ent authority  

at the slide toe

controlled by m ining 

com pany

Structures lost to  date about 30  houses, police 

station, generator, w om en's 

centre, airstnp

workshop, fuel tanks

Structures at risk com m ercial cen tre, school, 

m edical cen tre, com m unity 

hall, roads

water tanks, pipeline, 

change house, roads, 

overland conveyor, pow er 

lines

M onitoring survey lines, aerial 

inspections, w alkover, local 

reports

as for M aiapam , plus 

borehole inclinom eters, 

piezom eters, pegs, chan  

recorder

M itigation early w arning from  survey 

lines, long  term plan to 

sh ift facilities to  Payam , 

dra inage im provem ents

Avoid m ost m obile areas, 

engineered design, good 

access, drainage works, 

regular m aintenance

CON CLU SION

Comparison of the landslides, their physical setting, historic records of 

movement, the extent of damage and the impact on people indicates that they 

have contrasting effects.

The Maiapam Landslide is considered to be the greater hazard due to its size, 

mobility, potential to cause floods, the high vulnerability of the local 

population and the limited resources for mitigation. The consequence has been 

a plan, already being implemented, to retreat to a site less at risk from the 

effects of landslides.

The Yakatabari Landslide is smaller and less mobile, with good access to the 

head and middle sections o f the slide, and there is a low vulnerability o f the 

mining company. Resources can be utilized to mitigate most movements and 

effects on the company operations.
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