7th Grade                                                 
   Liquefaction during an Earthquake

Materials Needed:

· Cornstarch
· Marbles
· Water

· Spoon

· Plastic bowl (a long, flat container works best)

Procedure:
Pour a cup of cornstarch in the bowl (don’t pack it).  Slowly add about 1/3 cup of water while stirring the cornstarch.  The goal is to make a mud like substance.

After the right consistency is achieved, it’s time to play!!

Try this:

· Try to jab your finger in the mixture.  Now, place your finger on top of the mixture.  What is the difference?

· Make a ball with the mixture.  Split the ball in half and observe the change.

· Place some of the mixture on the lid of the bowl.  Place several marbles on top of the mixture.  Now, tap the lid.  Observe what happens to the marbles

Explanation:
This demonstration shows liquefaction.  This occurs frequently during earthquakes due to clay content in the soil.  Clay particles have a platy appearance under a microscope.  When deposited, these clay particles look like a house of cards.  In the pore spaces between, there is water.  During an earthquake, and consequent shaking, the house of cards structure falls down and the water is forced to the surface.  After movement stops, the mixture once again becomes solid.

Once upon a time, liquefaction occurred in Jamaica.  On a bright sunny Jamaican day, people were walking around, minding their own business.  Suddenly, an earthquake happened and the ground swallowed them (due to liquefaction).  After the earthquake stopped, the people were trapped in the ground with only their heads sticking up.  After no one showed up to dig them out, eventually, wild dogs had their heads for snack.  Ewwwwwww
Don’t believe me??!  See following story:

SWALLOWED UP

BY: GEORGE R. CLARK II

In 1692, a great earthquake devastated Port Royal, Jamaica, 

turning the ground beneath the city into a deadly, roiling mush. 

What can this 300-year-old quake teach us today?

 


The sandy streets of Port Royal, Jamaica, are filled with a clot of dazed and terror-stricken people running with no clear destination.  Some fight for balance as the earth heaves about them, struggling to avoid collisions with others in the crowd.  A church tower falls on a dozen unfortunate people, but their screams are lost; The air is already saturated with the sounds of wailing voices, crashing waves, splitting timber, falling masonry and, most disturbing of all, the pervasive roar of the earth itself.

 


Clouds of dust drift over the street from the collapsed buildings, carrying the stench of ruptured privies and newly opened garbage heaps.  A man emerges from the dense mass of people onto a less crowded street.  He continues running, forcing his legs to move ever faster.  He has no idea where he is going.

 


Suddenly the sandy street glistens, and the sound of his pounding feet shifts to a squelching and then a splashing noise.  His next step finds no solid ground, and he plunges down into suffocating black water that becomes his universe.  He will not be seen again.

 


Such were the horrors that visited the people of Port Royal on June 7, 1692, when a strange and devastating earthquake struck the city.  By the time it was over, two-thirds of the city had sunk into the sea and about 2,500 people, a third of its population, had died – many literally swallowed up in graves of hardened quicksand.  But it’s not these gruesome events that have won the Port Royal earthquake a place in history.  In fact, the quake might have been forgotten entirely had it not had elements of romantic myth: a lost city, Caribbean pirates and divine vengeance.

 


Even before the quake struck, it seems, Port Royal had won itself a badge of infamy.  From 1660 to 1680, the city was a haven for buccaneers, the original “pirates of the Caribbean.”  In fact, Henry Morgan, the most famous of them all, had once governed Jamaica from this rowdy city.  So when the story of the earthquake reached Europe and the American colonies, some people actually celebrated!  No fate seemed bad enough for such an evil place, and ministers around the world strove hard to drive that point home.

 


It didn’t seem to matter that Morgan had “gone legit” after his fortune was made and used his government appointment to drive out most of his rivals and hang the rest.  Nor that Morgan and the pirates were long gone by 1692.  Indeed, later versions of the tale added embellishments such as pirate ghosts walking the sunken streets and church bells ringing from fifty fathoms down.  

 


Unfortunately, the geologic story of the Port Royal quake has also been distorted.  Some early geologists did try to understand the event:  Charles Lyell discussed the Port Royal disaster in his 1830 classic Principles of Geology, but geologists didn’t yet know enough about earthquakes to interpret it properly.  For a time, other geologists followed, each going back to original sources, each applying the knowledge of the day.  But by the 1950s and 60s, there was little interest in reviewing old earthquakes, although geologists might, for the first time, have understood them.  Thus even today century-old ideas about the quake are repeated in year-old textbooks.  

 


According to some books, the earthquake was actually relatively small but happened to trigger a submarine landslide that carried the city into the sea.  When I decided to research the Port Royal earthquake for a book on natural disasters, I assumed that this inherited wisdom was correct.  Then I discovered that historians had gathered a wealth of eyewitness accounts, some of which were published in Philosophical Transactions in 1694.  (The authors, in many cases, are now unknown.)  These accounts, along with solid evidence uncovered by archaeologists, soon made it clear to me that the new books and the old ideas were wrong.

 


The earthquake, I learned, had not small, but very large.  The city had not ridden sideways into the sea on a landslide.  In fact, the part of the town that sank did so for an entirely different reason.  Even more surprising, some of the events that occurred during the quake were so rarely reported that some geologists once doubted that they could actually happen.  Now we know that these events, manifestations of a process known as liquefaction, do indeed occur.  And this gives the Port Royal quake a special importance for anyone concerned with earthquake hazards.

 


The earthquake began a little before noon, mild at first but soon building to its full intensity.  As one observer put it:



It began with a small trembling, so as to make People think there was an Earthquake, which Thoughts were immediately confirm’d by a second Shake something stronger… At the Heels of this Second, came the Third violent Shake, which in less than a Minute’s time shook the very Foundation of Port-Royal…

 


This foundation was, alas, not very secure.  While most of Jamaica is made of rigid rock with a massive igneous and metamorphic core, Port Royal was built on the tip of a sandspit.  Originally established as a harbor fortress, it eventually became a port and commercial center crowded with wharves, warehouses, shops and taverns.  Modern geologic investigations show that the spit beneath the city is made of loose, water-saturated sand to a depth of about 65 feet (20 m); below this lie more sands and gravels and occasionally a buried reef.  The sandy foundations had always been a nuisance:  No rock was available to pave the streets, and fresh water had to be ferried from streams across the harbor.

 


Ironically, the sands first seemed to protect Port Royal.  While the earthquake threw people to the ground throughout the rest of Jamaica, shaking them so badly they could not rise, people in Port Royal were able to run along the streets.  While buildings were shattered around the rest of the island, many houses in Port Royal remained intact.  But an unpleasant surprise was growing below the city’s sandy streets:  The energy that was shaking the surface elsewhere was vibrating the sands in the city, and in less than a minute, liquefaction had begun.

 


Liquefaction can transform ordinary sand into something like quicksand.  As anyone who has splashed barefoot on a beach knows, sand can support weight even when the grains are immersed in water.  This is because the grains are resting on one another, with the water merely filling the irregular cavities around them.

 


But when water flows upward through a patch of sand, perhaps rising from a spring, the sand behaves very differently.  The flow of water loosens the grains and keeps them in motion, preventing them from resting on the other grains.  The result is that the grains cannot bear weight.  This is quicksand.

 


Vibrations can do the same thing to sand.  When the vibrations from an earthquake pass through water-saturated sediments, the sand grains fail to stick together.  Anything resting on top gets swallowed up in the treacherous fluid.  This is liquefaction.  But unlike quicksand, liquefied sand persists for only a short time.  Once the vibrations stop, the ground quickly solidifies again.

 


The unlucky people who experienced the Port Royal quake could not see the vibrating sand grains, but they witnessed three frightening effects of liquefaction.  Of these, the first was most like quicksand.  An eyewitness described it this way:



In the violent Shake the Sand cracking and opening in several places where People stood, they sinking into it; the Water boiled out of the Sand, that cover’d many, and saved others.

 


This was a midday nightmare.  A patch of street would become wet as the vibration and liquefaction reached the surface, and the sands temporarily lost their solidity.  Anyone standing on that ephemeral surface plunged downward.  Some people were carried back up the rising water, but most disappeared forever.  Perhaps the worst fate befell those who did manage to resurface, keeping their heads out by frantic paddling.  When the shaking ceased, the sand firmed up around them, locking them in a rigid mold.  Most of these  people suffocated because the sand prevented them from expanding their lungs.  The sight had an indelible effect on two witnesses:



Whole Streets (with inhabitants) were swallowed-up by the opening Earth, which then shutting upon them, squeezed the People to Death.  And in that Manner several are  left buried with their Heads above Ground; only some Heads the dogs have eaten; others are covered with Dust and Earth, by the People who yet remain in the Place, to avoid the Stench.

 


Many People were swallowed up; some the Earth caught by the middle, and squeezed to Death; the Heads of others only appeared above Ground; some were swallowed quite down, and cast up again by great Quantities of Water; others went down, and were never more seen.

 


Houses, too, sank into the sand, with the brick structures suffering the most.  In some streets, especially those nearest the harbor, every building apparently sank.



And those Houses which but just now appeared the Fairest and Loftiest in these Parts, and might vie with the finest Buildings, were in a moment Sunk down into the Earth, and nothing was to be seen of them.

 


Some accounts mention brick floor rising, an illusion caused by the sinking of the rest of the house toward the floor.

 


Mordecai Lloyd, a merchant, recounts one of the most remarkable experiences of all.  He was in the ground floor of his building when the earthquake struck:



I was at that juncture of time in my shop when on a sudden the earth opened and let me in.  Then was I carried under earth and water a very considerable way until at last I got upon a floor of boards where multitudes lay about me most of them mortally wounded and I amongst them very little hurt.

 


Mr. Lloyd was a master of understatement.  He had dropped through the floorboards into the fluidized sands just as the building began to sink.  The house forced aside the sands, carrying Mr. Lloyd out of the way and eventually lifting him to the surface.

 


It probably would not have cheered Mr. Lloyd to know that he had experienced a rare effect of liquefaction called flotation.  This occurs on sandy land that is water-saturated almost to the surface.  The liquefaction seems to mobilize the sand below the surface first and then spread upward.  Buildings then sink, and people float if they are able to paddle up to the surface quickly enough.

 


Elsewhere on the island the quake produced another manifestation of liquefaction, a  phenomenon called fountaining.  Two observers described the sight:



In Clarendon Precinct the Earth gaped and spouted up with a prodigious Force great Quantities of Water into the Air, above Twelve miles from the Sea; and all over the Island, there were abundance of Gapings, or Openings in the Earth…

 


The Earth opened in my Parish in multitudes of places, and through their dire Chasms spew’d out Water to considerable height above ground…

 

Fountaining occurs where dry surface sediments rest on deeper, water-saturated sands.  The wet sands are forced upward and erupt through the surface.  Although fountaining is the most common result of liquefaction, it is undeniable dramatic.

 


Sinking buildings.  Floating people.  Fountains of sand.  Given all this, the Port Royal earthquake would certainly seem to qualify as a major catastrophe.  And yet it does not appear in lists of “great earthquakes.”  One recent textbook even dismisses it in a few short lines as a “moderate” quake.  So was this truly a strong earthquake?  Because we can’t directly measure the magnitude of an earthquake that happened 300 years ago, we must once again look for clues in the writing of the people who experienced it.

 


As a general rule, only the strongest earthquakes last several minutes.  And in the case of Port Royal, eyewitness accounts suggest that the ground shaking was exceptionally prolonged.  The city’s minister, the Reverend Heath, wrote that he ran several blocks during the main shock, with houses tumbling about him as he went.  This suggests a duration of several minutes, especially since the ground was shaking too much for steady running.  The entire quake probably lasted 5 to 7 minutes.  There were reports of a 15-minute duration, although this most likely included the first aftershocks.

 


In addition, the very fact that liquefaction occurred suggests that the earthquake was strong.  Liquefaction requires prolonged shaking, first to fluidize the sand and second, to keep it fluid as it moves.  Once the shaking stops, the sand firms up almost immediately.  Small earthquakes rarely shake long enough to initiate liquefaction, which could explain why liquefaction is not widely appreciated as a major earthquake hazard.

 


Some geologists may have assumed the quake was moderate because the shaking in Port Royal itself was not especially severe.  But that is because the sands  absorbed much of the quake’s energy.  Other parts of Jamaica were literally torn apart by the violent motion.  For example, landslides ripped through the mountains, especially in the 6,000 to 7,000- foot-high (2,000 m) Blue Mountains that overlook Port Royal:



(The mountains) are strangely torn and rent: insomuch that they seem to be of quite different Shapes now from what they were, especially the (Blue); and other highest Mountains…and whereas they used to afford a fine green Prospect, now one half part of them at least seeming to be wholly deprived of their natural Verdure…Vast pieces of Mountains, with all the Trees thereon, falling together in a huddle and confused manner, stopped up most of the Rivers for about 24 hours.

 


The quake also devastated buildings throughout much of Jamaica, especially English buildings.  This is hardly surprising, since the English, who had captured Jamaica from the Spanish less than 40 years earlier, had not modified their construction to resist earthquakes but rather built as they would at home.  The wealthier inhabitants, plantation owners across the island and merchants and officials in Port Royal, had brick houses four stories high, with tile roofs and glazed windows.  One descriptions of Port Royal mentions “the Wharf, with all the goodly Brick-houses upon it, most of them as fine as those in Cheapside…”  These fine houses were all destroyed.

 


As another account puts it (with an indirect compliment to the Spanish):



It scarce left a Planters House or Sugar-work standing all over the Island:  I think it left not a House standing at Passage Fort… and none in St. Jago (Spanish Town), except a few low Houses built by the wary Spaniards.

 

Spanish residents survived the quake, as did the low huts occupied by the black population.  The Spanish, who first colonized Jamaica, had a long experience with earthquakes, and this was reflected in their buildings, which were single-story and fortified with deeply buried posts.

 


Eyewitness accounts also tell us that strong aftershocks continued to level damaged buildings for days and troubled the island for months afterwards.  By September, three months after the quake, there were still three or more aftershocks every day.  This is typical of a major quake, not a moderate shock.  The quake may well have been of magnitude 8 or more, a truly great earthquake.

 


One of the most resilient fallacies about the Port Royal quake is that the final blow was an undersea landslide that sent the city sliding into the sea.  In fact, textbooks seem to mention the “relatively moderate” earthquake only because it triggered a landslide that put the whole of Port Royal underwater.


Certainly this argument is flawed, for an abundance of evidence shows that a third of the city survived.  And clearly the whole town mustn’t have sunk because Fort Charles, which was built before 1692, still stands as a tourist attraction today.

 


Earthquakes frequently do cause landslides, including underwater slides.  However, landslides, by definition, move sideways as well as down, and underwater landslides move exceptional distances.  Underwater slides also tend to mix as they move, and house caught up in them are churned to fragments.  That is not the impression given by the eyewitness accounts of Port Royal.  Instead, people describe the scene as though the houses simply and abruptly sank.

 


One resident lamented, “The street I dwell in was in less than 3 hours after (the earthquake) 4 fathom underwater.”  Another described the overall grimness of the scene: “Where once brave Streets of stately Houses stood, appearing now nothing but Water, except here and there a Chimney…”

 


At least one observer felt the sunken lands matched the distribution of brick houses:



On this sandy Neck of Land did People build great heavy Brick Houses, whose weight, on so sandy a Foundation, may be supposed to contribute much to their Downfall:  for the Ground gave way as far as the Houses stood only, and no further…

 


Without exception, those who saw the event reported seeing land sink, not slide.  And those who visited the scene for years afterward could see from small boats on a calm day the ruins of the sunken masonry from the houses on the sea bottom below.  No landslide could have been so gentle with masonry structures.  In 1859, a “hard-hat” diver actually walked some of the sunken streets and described “the remains of ten or more houses, the walls of which were 3 to 10 feet above the sand.  (No walls stand there today; it is likely that they collapsed during a strong earthquake in 1907.)

 


A carefully prepared map of Port Royal from the 17th century, now in the British Museum, also contradicts the landslide theory.  This map shows the street plan of the town before the earthquake and the new shoreline immediately after.  It also marks the positions of the town’s principal forts as well as St. Paul’s Church.  Though only Fort Charles still exists, archaeologists have located the remains of other forts and the church.

 


I prepared a map to the same scale, marking the current positions of those features, and found that none had moved sideways more than a few meters (about the limit of the accuracy of the maps).  And since those features, which essentially outline old Port Royal, had moved almost straight down during the earthquake, then presumably the rest of the sunken city had done the same.  This could not have been the result of an underwater landslide.

 


I believe the true culprit behind the sinking of two thirds of the town was a third liquefaction process known as liquefaction flow.  It typically occurs in low-lying coastal regions, where extensive liquefaction permits flow at depth.  This in turn causes high ground such as paved roads to sink and split and low ground such as tidal channels to rise and compress.  One of the accounts of the Port Royal noted that the harbor was shallower following the event.  Because the  positions of the buildings show that no landsliding occurred, the sand filling in the harbor must have risen up from below  --  a good indication of liquefaction flow.

 


Though the Port Royal quake is but a page in the history books today, it can still serve us as a model for earthquake planning.  Geologists have a fair understanding of the mechanics of liquefaction fountaining and have many good examples of its effects.  We know much less about liquefaction flow, with limited examples from mostly unpopulated regions.  And we know almost nothing about liquefaction flotation, the strange phenomenon that caused Mordecai Lloyd to plunge into the ground and then mysteriously resurface.  That’s all the more reason to learn what we can from that terrible day.

 


These horrors of liquefaction have not recurred in populated areas in the last 300 years, but  perhaps they could.  Many sandy coastal regions were uninhabited until recently.  And more and more communities are being built on coastal sands in earthquake-prone areas.  It may be wise for us to compare their geologic foundations to those of Port Royal.

 


The lessons of Port Royal, when we fully understand them, may well save many lives in this or the next century.  But the story of the unfortunate city would be worth telling even if it had no practical application.  The tale is a humbling reminder of the frailty of civilization.  Just image yourself standing at the water’s edge on the land that had be Port Royal, one day after the earthquake, seeing through the eyes of this observer:



Indeed ‘tis enough to raise melancholy thoughts…to look over the part of the Neck of Land, which for above a Quarter of a Mile was quite swallow’d up; there, where once brave Streets of stately Houses stood, appearing now nothing but Water, except here and there a Chimney, and some parts and pieces of Houses, surviving only to mind us of their sad Misfortune, now Habitations for Fish
http://www.paris.cc.tx.us/science/geol1403/swallowup.htm
